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Vorwort

Bilingualer Chemieunterricht gilt aktuell im Vergleich zu anderen bilingual untetgchB8achfachern
als ,,Orchidee”. Ein Grund hierfur liegt darin, dass bisher nur wenige auf die speziellegeBedsn
bilingualen Chemieunterrichts zugeschnittene Materialien existieren, tiplEnkonform und direkt
im Unterricht einsetzbar sind. Dem soll mit der vorliegendggitalen Ressourc@&ilingualChemistry
begegnet werden. Das vorliegende Werk ist fir den Einsatz im ersten Lekaahipiert. Es soll
Lehrkréafte dabei unterstiitzen, phasenweise bilingualear@ibunterricht zu gestalten.

Die Auswahl und Gestaltung denhhlte wurde in Zusammenarbeit mit Chemielehrkraften
vorgenommen, wobei der Fokus auf etablierte Versuche des regularemi@ingerrichts gelegt
wurde. Die Themen und die Progression orientieren sicly@aitigen Lehrplan fur das Fach Chennie
NRW, sind jedoch auch bundeslandunabhéngig einsetzbar. Drelrédichung ist nicht als
kontinuierliches Lehrwerk gedacht und bewusst nicht aisereJbersetzung eines bestehenden
Lehrwerks konzipiert. Damit wird es unerlasslich seianche Fachbegriffe und Konzeptesételich
einzufihren. Dies kann in Anbindung an deutschsprachigeveeke erfolgen.

Da das Fach Chemie eine experimentelle Wissenschaft ist, wurden zurgfiieuer Sachinhalte
jeweils gewahlt, die ausgehend von Beobachtungen mithilfe &aewertungsauftragen
inhaltlich erschlossen werden kodnnen. Fachliche Hgriaxde werden in Form von
und zugehorigen Ubungsaufgaben geliefert. Dariiber hinaus gilt es
und ; teils mit sprachlichen Fokus. Zur Forderung sowohl der
deutschen als auch der englischen Fachsprache werdemsgewahlten Beispielen Anregungen zu
bewussten Sprachwechseln gegeben.

Die Formate kdnnen in Kombination oder auch unabhangig mander alkopiervorlagereingesett
werden. Die Ausgabe der Materialien auf Anfrage aucteditierbarer Form ermdéglicht einen
individuell auf die jeweilige Lerngruppe zugeschnittenen dmsbzw. Mdoglichkeiten der
Differenzierung. Samtliche Materialien sind sprachlich so konzipiert, fiiasdie Jahrgangsstufe
gangige Vokabeln als bekannt vorausgesetzt werden und benlékannt angenommenen Begriffen
jeweils am rechten Rand eine deutschsprachige Ubersetzugepaten wird. Damit werden schnelle
Vokabelhilfengeliefert und der Fokus adie zu vermittelnden Inhalte beibehalten. Abgerundet wird
das Material mit Losungen zu den Aufgabdidaktischen Hinweisenauch zu Sprachwechseln oder
der Arbeit mit Concept Maps, Vokabellisten sowie einem englischspeacRigriodensystem.

Das WerkBilingual Chemistrywurde durch ein Team von Fachdidaktiker*innen, Lehrkraftend

Lehramtsstudierenden erstellt. Die angebotenen Materialien wurden beraitsPartnerschulen
erprobt und anschlie3end optimiert. Eine Erganzung bietg@raktive mehrsprachigédnimationen

und ausgewahlte Versuchsvideos, die Uber die Homepage.chemiedidaktik.univuppertal.de

aufgerufen werden konnen. Weitere Entwicklungen zum bililguaChemieunterricht werden
ebenfalls Uber die genannte Homepage zuganglich gemacht.

Wir winschen Ihnen viel Erfolg beim bilingualen Chemieuicterund freuen uns Gber Ihr Feedback
(chemiedidaktik@unrwuppertal.de.

Die Herausgeber*innen
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1. Getting Started:n the Laboratory

SafetyRules for theChemistry Laboratory

1) Your chemistry
teacher knows the
dangers othe
chemicals and the
equipment in the

: 7) Protect your eyesvear
1
1
|
|
1
1
:
|

laboratory. That is :
1
1
1
|
|
1
1
:
1

safety goggles during
experiments! They protect
you from flames, splinters
and splashes.

=

{’ 4) Make sure that |
' chemicals do not come
| into contact with your
. food. Do not eat or

. drink in the laboratory!
|

|

1

1

|

\

ST

To avoidcontamination

ith chemicalswash ¥ . o
WI ! 8) To avoid burns and injuries,

make sure tanever hold atest-

o e e e = e =

why it is important

11

to only enter the your hands after an |
11

1

|

1

1

1

chemistry . experiment! ' " . :
laboratory with S ./ 1 tube with its open end facing i

! |
. your teacher! P . N yourself or other students! )
9 - 2 -

5) Follow the exact

R S ————

chemicals can into a ponytail. Wear

_ and dispose of theehemical
burn your skin clothes made of waste according to your

Do not touch . cotton! instructions.
them! ; S e e o= . . ’

g e

|
1
|
1
1
:
1
: experiment.Clean your desk
1
1
1
1
|
[}

~

\
| 1
., N ! : , S
1 1 \
[ 2) Mistakes \ i Procedure t?ffyour " { 9) Chemicals should not be |
1 . = 0

! . happen!Tellyour ' | expermen ) you ' 1 contaminated. Tat is why it |
T : . 1+ bhave questions,ask ;, ! . . I
1+ teacher if you L teach | is important toonly take I

1
: i have spilled : '\\ yourteacher. ,/' | small amounts of chemicals :
: ' something or if : . and alwaysuse a clean :
| | , TTTTEE SN 1 .
1" you have hurt S . n v spatula or pipette! '
' / | '/ 6) Some materials, like* . S
', yourself! Your ! hair. b ittty
'\ teacher decides | 1 Paperorhai, bum o, o .,
' the next | . quite easily. When ./ 10) The environment and \
1 a E 1
'\ necessary stens. | . working with a gas | other people should not be '
N >’ i burner: clear your i exposed to harmful :
VT T T .| table of unnecessary | substances after an :
' 3) Some ' material. Tie long hair | :
: | : l
1 | 1 I
| ' ' :
| | ) |
| I
|
|
1

Your tasls:
1. Look at the picture below. Describe 10 mistakes that the students are making.
2. Explain what they can do better. Refer to the rules mentioned above.




1. Getting Started:n the Laboratory

ThingsYou Can Fnd in alaboratory

Your task:

On the table you can see different pieces of lab equipment. Take the scrapgesffpam
the envelope, fold them in the middle and place each of them in front of tepeetive

piece of lab equipment.

tongs measuring | test-tube funnel
cylinder

pipette stopper beaker test-tube

holder
gas burner clamp thermo- | erlenmeyer

meter flask
stand clamp glass wash
holder rod bottle

petri dish spatula | watch-glass| test-tube
stand




1. Getting Started:n the Laboratory

ThingsYou Can Fnd in aLaboratory
Your task:

On this worksheet you can see typical lab matsrial
Please write down thé&nglish and theéerman names below each picture!




1. Getting Started:n the Laboratory

ChemistryApparatus(A)

This is a set of apparatus used in many chemical experiments:

Your tasks:

1. Complete the table by adding treppropriatenames of the

apparatus.

Name of Apparatus

Function

to put on the tripod

to fill in some substances and let them re
with each other

to measurethe exact volume of a liquid

to heat up substances, to start reactions

to measure the temperature

to measure the timee.g, in seconds

to fill in with liquids

rack for heating up substances with thas
burner in e.g, a beaker

to separate asolidfrom a liquid

to put in testtubes

to measure a small amount of a liquid

Ppwn

Name the apparatus for measuring something.
Name the pieces that are made of glass
Describe the apparatus you would need if you wanted to

evaporatewater from a salsolution




1. Getting Started:n the Laboratory

ChemistryApparatus(B)

5)

11) pcd

Your task:Complete the table by numbering the apparatus ariting
downits main functionOne has already been done for you.

No. | Name ofApparatus Main Function
test-tube rack

filter funnel (and paper)
beaker

gasburner

heatproof mat

6 stop clock to measure the timee.g.in seconds

measuring cylinder
pipette
thermometer
test-tube

tripod

Main function of pieces of chemistry apparatus

to put on the tripod

to fill in somesubstances and let them react with each other
to measure the exact volume of a liquid

to heat up substances, to start reactions

to measure the temperature

to measure the timee.g, in seconds

to fill in liquids

rack for heating up substances with thasburner in e.g, a beaker
to separate a solid from a liquid

to putin test-tubes

to measure amallamountof a liquid




1. Getting Started:n the Laboratory

ChemistryApparatus(C)

This is a set of apparatus used in many chemical experiments:

5)

11) B

Your task:Complete the table by writing dowthe main function of each piece of
apparatus One has already been done for you.

Name of Apparatus

Main Function

1) test-tube rack

2) test-tube

3) gasburner

4) pipette

5) beaker

6) stop clock

to measure the timee.g, in seconds

7) tripod

8) measuring cylinder

9) thermometer

10) filter funnel and paper

11) heatproof mat




1. Getting Started:n the Laboratory

Partnerrossword onLab Apparatus (A)

Complete your crossword by asking your partner for explanations of his/hexcps of
apparatus!
E.g.What's 7 down?
- It's made of iron and has three “leg#f you want to heat something
you can place it onto the thing and heat with a burner from below.
What's 6 across? ...

1p
2p
10T [H [E [R [M [O [M [E [T [E |R 4p
p E S
T 20S P
. R T A 6p
| . T G
30/P [I [P [E |T [T JE U L
o) U L A
D B |3p A S
. 40 E . S
5p .
R
o)
50(S [T [|A [N [D D

- n

It's all in the Y !




1. Getting Started:n the Laboratory

Partnerrossword onLab Apparatus (B)

Complete your crossword by asking your partner for explanations of his/hexcps of
apparatus!
E.g.What's 7down?
- It's made of iron and has three “leg#f you want to heat something
you can place it onto the thing and heat with a burner from below.
What's 6 across? ...

1p
T 2p
lo E 4p
S 7p
T T 20|s [T o [P [P [E [R
. R 6p
T | .
U [30|P
B o)
E D 3p
. 40P [E [T [R i .D | |s [H
R o) 5p .
A N F
C G U
K 50 (S N
N
6o|B [U [N [s [E [N .B U [R [N [E [R
L
It's all in the Y !



1. Getting Started:n the Laboratory

Howto Sructure Your Lab Report

1) Intention of the Experiment
Describe the task or question that should be answered in the experiment.

2) Materials

Note down all the lab equipment and chemicals you need for the experimente Blale to
include hazard symbols. If necessagd additionakafety instructionsAsk your teacher for
the correct disposal method of the chemicals, if it is not mentiongfieéninstruction.

3) Procedure 4) Sketch —
Describe the experimental procedure as Sketch the setup of
shortly and preciséy as possible. Make sureyour experiment and
to use simple present. label all important
laboratory utensils.

5) Observation

Write down your observations. Use textablesor pictures.

You should describehanges in colousr changes of state

It is also helpful to mention theutward appearancef the reactart and the product‘(is it a
powder, etc?).

Be careful NOT to explain any of your observations!

6) Conclusion
Evaluate and anadg your observations and data. Interpret your results and refer back to
the intention of the experiment.

Your tasks

Plan an experiment to separate the three componenta ofixture of sand, water and ink
with the help of separation techniques.

1. Discuss your plans with your teachmsfore you arry out the experiment.

2. Create a lab report for the experiment and document your findings.



1. Getting Started:n the Laboratory

Howto Sructure Your Lab Report

Intention of the Experiment

We want to find out if...
The intention of the experiment is to find out ...

Materials

lab equipment, e.g., beakdgst-tube,
chemicals, water, salt

Procedure

First put ..., Then add ...,
Afterwards, heat..., Before removing ... from ...,
As a next step, separate ... from ..., Finally ....

Observations

Describe changes in colour or changes of state.

It is also helpful to mention thappearanceof the reactant and the
product (is it like a powder, etc.).

useful verbs(to) change colour, (to) become, (to) appear, (to)
disappear), (to) turn

Conclusions

From ... you can conclude / deduce / infer that...
As aresult ..., In the reaction ... and ... react to yield ..., During

experiment ... is produced.
The result... shows that..., The change in colour indicates that..
As aresult..., As a result of...

\ )

Your tasks:

3. Add more nouns, verhand adjectives to the list above that you find helpful when
writing a lab report.
4. Use the phrases and form sentences for yiair report

10



1. Getting Started:n the Laboratory

ExampleLab Report

Examinat ionof Sherbet powder Brausepulver

1.1 ntention d t he Experiment/ Questi an
Which components oherbet powder cause the

bubblingin water? Sprudeln
2. Mat erials
Lab equipment: sixest -tubes, test -tube rack, spatula
Chemicals: sugargitric acid, baking sodéodium hydrogen carbonatge) Zitronensaure,
water Backpulver
(Natrium -
3. Sketch: hydrogen
+sugar carbonat)
+sugar + ::::\3 + bukm3
+citric + Sugar +aitric
:':'d +:ﬁ9|c +lwkns
4. Procedure
Fill sixtest -tubes with 10 mL of water and label them with the numbers
1-6.

Give a spatula-tipful of the following chemicals intdest -tube 1:sugatr, in
test -tube 2: citric acidandtest -tube 3: baking soda _
Fill a spatula-tipful of sugar and citric acid intest -tube 4, sugar and Spatelspitze
baking soda irtest -tube 5 and citric acid and baking soda test -tube 6.

5. Observati ons
1 2 3 4 5 6
water Water Water water Water Water
+ sugar + citric acid | + baking + sugar + sugar + citric acid
soda + citric acid | + baking + baking
soda soda

no bubbling| no bubbling| no bubbling| no bubbling| no bubbling| bubbling

6. Comlusiors

Bubbling can only be observettest -tube 6 when citric acid is given to
baking soda and both substances are dissolved in water. One can conclude
that these two chemicals (components) cause the bubbling of soda powder
in water.

11



1. Getting Started:n the Laboratory

Hazard Symbols Gefahrstoff
symbole

In the laboratory you can fint/pical labelson the bottles of chemicals

These signs guictogramswarn yau aboutdangersof the chemical in the Pikiogramme

bottle.

This sigrmeansflammable. That means that this substanc entzurdlich
can catchon fire easily. Alcohol opetrol carry this symbol. Benzin
You should nevdraveopen fames e.g, from matches or the

gas burnenear them.

This sign meansxidising A substance with this symbol let$rand-
other materials burn better because it gives them ex fordernd
oxygen Pure oxygen is, of course, strongly oxidisivigu Sauerstoff
should not use these substances in combination with
materialthat burns easily.

This sign has a very strong warniaigd it means that the
substance isoxic; that it could kill you. Chlorine is toxiand giftig
that is why we use it in swimming pools to kill bacteiée

use very little chlorine so that we can still swsarfely.

These substances anarmful. They will nokill you butthey gesundheits
can damage younealth Petrol is harmful when you breatheyefahrdend,
in the fumes You can find this sign at gas stations. Somelgimpfe,
these substances can also cags@cer but you will not use Krebs

them in your chemistry lessons because they are not allowed

there.

This symbol is used fotorrosive substances. They ce atzend
damage or even destroy your skin or eyes if you do

protect them. When such a material is on your skin it feels

like you have burnt yourselfcidsare corrosive, for example Sauren
the acid in a car battery.

This symbol is a general warning for all kinds of dangers.

also means that a substanceas irritant. It cancausean reizend
allergy or it can make your skin feel like you have a sunburn.
Irritant substances will not give you@ng-term damage. dauerhaft

SO OO

12



1. Getting Started:n the Laboratory

Your tasks:

1. Use your textbook to find the hazard symbols for the following chalsiic

X

X
X
X
X

Hydrogen (Wasserstoff)
Bhanol Ethano),
Oxygen Sauerstoff,
xMagnesium (Magnesium)
Sodium (Natrium)

2. Research at homé.ook for products that have a hazard symihbake a list of the

products and the symbols.
Hint: Check the kitchen and bathroom andiite down the name of the products and

the corresponding hazard symbols.

product hazard symbol

13



2.1. Properties ofMatter

LabActivity: TheBoiling Temperature ofWater

Sketch 7 Materials:

beaker, water, boailinc
stones, stand, clamg
thermometer, tripod,
heatproof mat, gas burner

Your task Labelthe sketch
with the terms mentioned
above.

Procedure: 1. Fill ca. 100nL water into thdest-tube and add 23 boiling
stones. Attach the stopper with the thermometer so that the
thermometeris in the water but does not touch the glass.
Use a stand with clamp to secure your experiment (
sketch).

2. Heat the water andhote the temperature every minute.
You can stop the experiment when the temperature has not
changed over a period of 5 minutes.

Observation:  Create a table for youtata—you might have to extend thi
table:

Time |0 30 60 90 120 | 150 |180 |210 |240 |270 |300
[s]
Temp.
[*q

Hints for your conclusions:

1. Write downthe highest temperature you could reach in this experiment.

2. Describe what happens to the water at the highest temperature.

3. Draw agraphwith the time on the »axis (1 cm =1 min) and the
temperature on the yaxis (1 cm = 18C) and draw the curve.

4. Descrile the curve. Try to find an explanation for its shape.

5. Draw the water particles at the beginning and at the end of the
experiment (using the particle model).

14



2.1. Properties ofMatter

LabActivity: TheMelting Temperature

Sketch: Materials:
largetest-tube, stopper (one
E hole), thermometer, beaker
stand, clampheating plate

I
Iﬂ. stearic acidwater,
(ERNeD

Procedure: 1. Fill thetest-tube 4cm high with stearic acidAttach the
stopper with the thermometer so that the thermomete
dipsinto the stearicacid but does not touch the glass. Use a
stand with clamp to seee your experiment (sesketch.
2. Heat thetest-tube in a water bath. At the beginning the
water bath should have a temperature of about BD.Note
the temperature of thestearic acid everg0 seconds
3. Remove the water bath and again note the temperatu
of the stearic acid evempinute until it is completely solid.

Observation:  Create a table for youttata —you might have to extend thi
table:

Time |0 30 60 90 120 | 150 |180 |210 |[240 |270 |300
[s]

Temp.
[°C]

Hints for your conclusions:

1. Write downthe highest temperature you could reach in this experiment.

2. Describe what happens to thetearic acidat the highest temperature.

3. Draw agraphwith the time on the »axis (1 cm =1 min) and the
temperature on the yaxis (1 cm = 18C) and draw the curve.

4. Describe the curve. Try to find an explanation for its shape.

5. Draw thestearic acigoarticles at the beginningluringand at the end of
the experiment (using the particle model).

15



2.1. Properties ofMatter

Your tasks

1. Look at the picture and think of the different states of mattel
water takes.

Fill the correct words into the gaps:

Nouns:gas bubbles, vapaation, boiling temperature, melting
temperature Fig.1: Pot withboiling water

Adjectives:solid, liquid
Verbs:(to) boil, (to) melt, (to) freeze, (to) heap

At normal pressure and room temperature water is always

It at 0°C. The water is
also called icewhen you water in a potsgd) it starts
to form at the bottom of the pot. Wheregoh 100°C the
water . The result is
0°C is called the of wdep°C is called the

of water.

2. Label the picture of the water cycle with
English terms. Challenge: Describe
picture to your partnerin German or
English.

condensation, groundwater, surface runof
precipitation, evaporation from oceans lakes
and streams, transpiration from plants

3. Imagine you are a drop of water. Write
short story in which you describe yc
journey from the river to clouds and the
back to the top of the mountains. Use t  Fig. 2Water cycle
correct terms for the states of matter and
the changes between them.

16



2.1. Properties ofMatter

LabActivity: CokeéMand Diet Cokeé™ What s the Difference?

Materials: 100 mLof stale Coke, D0 mLof the same volumestale
Diet Coke, measuring cylinderscales gas burner,
2 beakerg(250mL)

Procedure: Coke andDiet Coke must bestale and at room

temperaturefor the experiment.

Take an empty measuring cylinder aneigh it. Write
down themass Now fill exactly 10@nL of thestale Coke
into the measuring cylinder and weigh agdepeat the

experiment with 100nL of thestaleDiet Coke.

Observation:  Create a table for youneasured values

Empty
Cylinder

Qylinder +
100 mL
Coke

Qylinder +
100 mL
Diet Coke

Mass
in [g]

Hints for your conclusions:

1. Calculate the weight of the 100 mL Coke and 10M@iet Coke and

compare the measured values.

2. Calculate the quotient of the mass in [g] and the volume in [mL], of

Coke and of Diet Coke.

17



2.1. Properties ofMatter

3. Explain the term “density” and how it relates to this experiment.
Compare the density of Coke and Diet Coke and explain your findings.

4. Explain why it is impdant for the experiment that the Coke aridiet
Cokearesstale

5. Make a list of thengredientsof Coke anaf Diet Coke and underline
the substances which are different.

Coke:

Diet Coke

6. TheWorld Health Orgamsation (WHO) recommendso more than25
grams of sugar (6 teaspoons) per day for altigy diet. Discuss
whether the consumption of a glass (250 mL) of Coke per day would be
considered “healthy” according to the WHO guidelines.

18



2.1. Properties ofMatter

Sugar, salt, citric acid, baking soda... at first sight it is difficdistioguish
betweenthese substances. In order to identify them, it is helpful to look &t
the typicalpropertiesof a substance.

Colour,odourand crystal form

Some chemical properties can detected with our sensory organsThis
includes theodour of a substance, its colour, its surface and crystal form.
Solubilityin water

Another important property is the solubility of a substance in water. In
tables you can find information on the mass of a substance that is soluble
in one litre of water at room temperatureften given in [g/L].

Qubstance | Solubility in 1L water at room temperature
salt 36049

sugar 2039¢g

oxygen 0.043¢g

Fig 1: Solubiity of different substances

A sedimen forms when the maximum solubility of a solid substance in a
liquid is reachedin most caseghe solubilityincreasesith higher
temperatures.

Boilingand melting temperature

On earth we find water as a solid, liquid or gaseous substance. It has thre
states of matterdepending on the surrounding temperature. Solid water is
called “ice”and gaseous water is called “water vapoult 0 °C ice melts

or solid water turngnto liquid. The melting temperature of water is°C.
Liquid water evaporates at 10C and turns gaseous. This temperature is
called boiling temperature.

gaseous
(water vapour)

S

tosublime tocondense

100°C

toevaporate

to freeze .
liquid
to melt (water)

solid
(ice) Fig. 2 States of matter of water

to deposit
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2.1. Properties ofMatter

Density

What is lightera bag of feathers or a bag filled with iron nails? This question
is difficult to answer, as you need a reference. The densjtG(eek letter
“rho”) describes a substance’s mass per volume.

Mathematically the density is defined as mass divided by volléameil.l .

CokéMand Diet Cok® for example, have different densities because one
contains more sugar than the other. Consequently, equal volumes of Coke
and Diet Coke have different masses. The density of Diet Coke is lower than
that of Coke.

Qbstance | Sate of matter | Density

at 20°C (info: 1mL= 1lcm’)
water liquid 1.00000g/mL
oxygen gaseous 0.00133g/mL
hydrogen | gasous 0.00008g/mL
salt solid 2.16g/lcm®
sugar solid 1.57g/cm?

Chemical profileof water

Chemists usehemical profileso characterisesubstances they are using.

name of the substance water

state of matter liquid

at room temperature

colour colourless

odour odourless

soluble in water yes

boiling temperature 100°C

melting temperature 0°C

density 1.0g/cm3 (=1 g/mL)
Your tasks:

1. Create a chemical profile of salt or sugar.

2. Explain whyaundrydries at temperatures below fC. Name the
changes in the state of manner that occur during the drying process.

3. Correct thestatement: “Coke is heavier than Diet Coke”.

4. Design experiments to identigy portion ofsalt anda portion ofsugar.
Evaluate which chemical properties would be essentidgistnguish
between the two substances.
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2.1. Properties ofMatter

Your task:
Write down ten sentences using the information from G@nceptMap.

(8)
=
smell
(s)

state symbols
solubility

y y
l outward appearance |

[ magnetic behaviour/magnetizability ] hasariflGanca aR

... that can be sensed

[ ductility (Verformbarkeit) ]

melting temperature

state of matter
N 3

A 4 y
P
‘——————%| properties of matter

liquid

. isa.. ; :
isa.. temperature at which a solid becomes a...

vis a...
[ (electric/thermal) conductivity ] isa..
; S
is a..
. isa
r isa
[ combustibility/flammability ]
: density
is related to...
has a low... r_gas

is related to..
volume temperature at which a liquid becomes a...
mass boiling temperature
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2.2. TheParticle Model

LabActivity: Matter Is Made Up of Particles

Materials: four 100 mLmeasuring cylinders

50 mLof alcohol (ethanol), 50 maf water, peas,
mustard seeds

Procedure: E1)Fill exactly 50 maf water into one measuring cylinder an

Observation:

exactly 50 mlof alcohol into another measuring cylinder.
Pourthe completeamountof one liquid to the other and note
the total volume.

E2)Fill one measuringylinder to the 50 mL mark with peas and
another measuring cylinder with to the 5ML mark with
mustard seeds.

Fill all of the peas into the measuring cylinder with mustard
seeds, shake the mixture and note ttaal volume.

E1 E2
before mixing after mixing before mixing after mixing

I

50 mL 50 mL mL 50 mL 50 mL ___mL
water alcohol mixture peas mustard mixture
seeds

Hints for your conclusions:

1.

Draw the level of the alcohatater mixture into the picture and explain why
the result from E1 must seem strange to a mathematician.

Look at the mixture from E2 and describe where the peas and where the
mustard seeds are situatl in the mixture. Draw them into the thre
measuring cylindersn the right.

According to theparticle modeleverything is composedf extremely small
particles. The particles of one substance are identical in size andwhdes

the patrticles of different substances differ in size and nfiess each other
Explain what we can conclude from E1 about the size of water particles and
alcohol particles.

Make a drawing of the water particles and the alcohol particles in the water
aloohol-mixture and explain the result from E1.

Make a hypothesis on what would happen if we tookn®l0 of peas and 561L

of marblesof the same size as the peas and mixed them in a measufihg
cylinder.
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2.2. TheParticle Model

In the experimentepicted —
$ ==
in the image, a jar with 'jw.; '_:' R Gefal}
bromineand a jar with air Brom
are placed on top of eact
other. In the left picture
there is a glass plate T‘ “.i
separating both jars. '
The right picture shows
what happens if theglass i
plate is taken away.

Your tasks:
Below you find some explanations from pupils who saw this experiment.

1. Read the different explanations and discuss them with a partner.

2. Findthe statement which you think is correct. Name observations which support your
decision.

3. Explain why you think the other $&aments areincorrect

Billy says:
“Both jars got filled up with the brown gas because the brown gas got hot aose.”

Rosiesays:
“The particles in the air moved and covered up the brown particlestwhieant the
brown colour got lighter and lighter but both jars got filled with the brown gesaise
there was so much in there.”

Sonja says:
“The brown particles start to move tepread out throughout the whole jar. The air
particles don't move they just let the brown particles cover the whole jartaatiis why
it all turns brown.”

Melissa says:
“The brown particles move from an area of high concentration to low conceotrand
spread out evenly. The air particles mix with the brown particles and the cbtmames
lighter because there are less brown gas particles than at the start.”

Simon says:
“The brown particles diffuse throughout the two jars, moving from an area g hi
concentration to low concentration. The air particles mix with the browntigles and the
colour becomes lighter because overall the gas is less concentratedatsaart with.”
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2.2. TheParticle Model

Do sugar and salt disappear when they dissolve in water? How does tilecd
perfume reach the other end of the room? How can | smell something bt
see it?

We cannot answer these questions with our observations alone. That is w
usemodelsto understand and explain our experimental findings. We use nzodel
asahelp. They are constructed according to some rules, but do not show
whole truth” and cannot be used to explain everything.

According to theparticle mode| all matter consists of extremely sme
particles; we can neither see thewith the naked ey@or with the hdp of
microscopes. The smallest particles of a substancemiferm; the particles
of different substances are different in sized mass

With this particle modelwe try to explain some experiments. We observe
the total volume of a mixture of 50 mdf water and 50 mlof alcohol is smalle
than 100 mL. According to the particle modek can say that water particl
and alcohol particles are different in sizmagine that alcohol particles are lar
than water particlesBetween the alcohol particleshere are gaps. These g:
are big enough for water particles to fit in there. The experiment with @&
mustard seeds can visualize this.

The particle model is

helpful for explaining

other observations, too.

For example: in solid

substances, the smalles

particles are arranged in &

uniformwayand arevery close to each other. If you want to separate such
substances, you need a lot fafrce to overcomethe attractive forcesbetweer
these particles. When you heat up a solid substance, the particles dteatinc
more and more. At a specific temperature, the vibration is so strong the
particles cannot stick together anymore. Thébstance then turnsnto liquid.
Further heating increases the speed of the particles. Rhstambient pressur
keeps them in the liquid phase. At some pothe particles have enough spe
and energyto overcome the ambient pressure. The substance sugyaseous.
a gasthe particles are very far away from each other.

24



2.2. TheParticle Model

. In1827, Robert Brown observed with the help of a microsc

i that small plantsporesperform shaky movements on a watef
droplet. Thisproper motionof particles is namedrownian
movement Particlesof different substances mikecause of
their proper motions We call this procesdiffusion. A finer
distribution of thesoluteand additional stirring speeds up this
process.

Your tasks:  Explain with the help of the particle model...

1. ...why sugar and salt “disappear” when they dissolve.

2. ...why wet clothes dry on thirying rack

3. ...why the smell & perfume reaches the other side of the room.

4. ...why water boils when it is warm enough.

o

...why liquids and gases take on the shape of the container that they are
stored in, but solids do not.
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2.3.Mixtures andSeparation Techniques

LabActivity: Preparation oflnstant Coffee

Materials:

Procedure:

Observation:

coffee beanswater,mortar with pestle filter paper,
funnel, three beakers, porcelain dish, gas burner, tripod,
wire gauzespatula

1. Use the mortar and pestle argtind about 10 coffee
beans to aoarsepowder.

2. Put the coffee powder into the beaker and add ca.
50 mL of water. Heat the mixtute a boil.

3. Pour your coffee through the filter inta beaker.
Pour some of the filtrate into the porcelain dish and
heat it up so that all the water evaporates. Let the
porcelain dish cool down.

4. Scratch some of theesidueout of the pacelain
dish. Add it to ca. 20 mL of hot water in the beaker
andstir.

Groundcoffee Coffee before Hitrate and
beans filtration residue

Appearanceof

Residue after Fnal coffee mixture
evaporation

Appearanceof

Hints for your conclusions:

1. Describe the differences between the two liquid coffee mixtures (steps

2 and 4).

2. Compare the three different stages of the solid coffee: the gro
beans, the filtration residue and the evaporation residue.

3. Describe whahas happened to the coffee beans during the four steps
of the experiment

4. Name the different separation techniques that you used during

experiment.
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2.3. Mixtures andSeparation Technigues

LabActivity: Salt— Qut of the Earth and onto Your Table (Part I)

Materials: 3 beakers, spoon, funnel, filter paper, sand, salt, wate
Procedure: 1. In a beaker (A) mix one spoonful of salt with c
spoonful of sand.
2. Add ca. 150 mL of water, stir and let it stand for a few
minutes.
3. Carefullydecant ca. 30 mL of your solution int
another beaker (B).
4. Take the rest of your satandwater mixture and
filter it through the filter paper into another beaker

(©).
Observation:
Note your observations in the following table:
Beaker | Gomponentsof the Name of the Appearance
mixture mixture
A
B
C

Hints for your conclusions:

1. Draw a flow chart showing the steps of the procedure.
Name the separating techniques which you used in the experiment.
Explain whicltomponents were separated in each step.
Add the names of the separating techniques and of the components to
your flow chart.
5. Name the mixtures in beakers A, B and C.
Use the following terms: heterogeneous, homogeneous, solution and
conglomerate

WD

27



2.3. Mixtures andSeparation Technigues

Lab activity:Salt— Qut of the Eath and onto Your Table (Part II)

El

Materials: Sketch:

porcelain dish, beaker, glass \
plate, tripod, wire gauze, gas

burner, boiling stone

4

Procedure: 1. Fill the porcelain dish ca. 1 cm high wsttmeof the
solution of beaker Grom Part land add a boiling
stone. Put the dish on the tripod and heatata boil.

2. Hold the glass plate over the distsingtongs and
collect the liquid into the beaker

Observation:  Describe the movement of the water through the

apparatus

E2

Materials: Sketch
2 test-tubes, stopper, bent

glass tube gas burner, boiling

stone

I

Procedure: 1. Fill atest-tube up to aboutone thirdof the waywith
a solution ofsaltin water. Add a boiling stone. Close
the test-tube with the stopper with thebent glass
tube. Theglassube must notdip into the solution.
2. Carefully heat the solution and collect the ligL
which evaporates the othertest-tube.
Observation:  Describe the movement of the water through the
apparatus.
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2.3. Mixtures andSeparation Technigues

Hints for your conclusion:

1. Describe the states of matter which the water takes during
experimens inE1 and E2

2. Describe where you can find which components of the salt solution at
the end of the experimentgl and E2

3. Compare the two procedures. Explairkilf or E2s easier to carry out
and give reasons for your answer.
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2.3. Mixtures andSeparation Technigues

Slt is an essential substance. It candigainedfrom rock salt or from
sea water. Rock salt is a mixture of rocks and salt. Before we caheuse
saltfor cooking, we must separate the
rocks and salt. We use water to
achieve that. Salt dissolves in water
and the rocks sink to the bottom of
the tank because of their higher
density. After letting the rocks
sediment the separation of salt and
the insolublerocks can take plac&Ve
decant thebrinefrom the rocks.

We get even better results by filtering the sasalt-suspension. Thgores

of the filter pager work like asievewith very small holes. Only the liquid,
known asthe filtrate, gets through the pores. From this filtrate, we get
the salt after evaporating the water. Pure sailystallisegsee Fig. 1)

We can separate sand and salt becaustheir different solubilites and
salt and water because tteir different boiling temperaturesBy letting
the water evaporate, we can also produce salt from sea water jfayal
condense the vapour and collect the watgou getfresh water as dy-
productat the same time

Desalinationof sea water takes place S

in areas where fresh water is rare eve ‘;"f:p‘-‘;mtes _
though they are close to the se@ihe freshwater
principle is shown irFig.2. Tie sun s &~ W
heats sea water which starts to & ' S 25
evaporate  Fnally, fresh water = >
condenss at the glass roof and flows j J(’-L___ [ 1 3
into collecting tanks. NG v
Distillation means to let a substance rig. 2:pesalination of sea water

first evaporate and then condensc

againat a different placen order toseparate a mixturewhen we boila
salt solution, we can see that the boilitemperaturerises for someime.

A salt solutiorboils at higher temperatures than pure watérhe more
concentrated the solution, the highahis temperature gets With the
help ofboiling curveswe candifferentiate between pure substances and
mixtures. Pure substances have apecific and constant boiling
temperaturewhile mixtures do not

Fig. 1:Salt evaporation pond
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2.3.Mixtures andSeparation Techniques

Your tasks:

1. Look at Fig. 1 and Fig. 2 and explain hoveargyet salt and fresh water from sea water.

2. Explainwhy desalinations often carried outn tropicand subtropic areas

3. Read the text and write down all methods of separation you can fixglain which
property is important for these methods
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2.3. Mixtures andSeparation Technigues

LabActivity: Distillation of Red Wine

Materials: Thermometer, round-bottomed flask rubber plug with
hole, Liebigcondenserheating mantle rubber tubes, red
wine, measuring cylinde boiling stones

Sketch: Label thesketch!

Procedure: Set up a distillation apparatws shown in the sketciWith
a measuring cylindetake 100 nh.of red wine andill it into
the roundbottomed flask. Addtwo boiling stones Use a
25 mLmeasuring cylinder aeceiver.Heat the wine until
the temperature reache80° C.Let it boilfor two more
minutes.

Observation:

Hintsfor your conclusion:

1) Besides water, wine contains alcohol, sugdyes and flavourings
Suggestvhich substances we separate by distillation

2) Distillation is a separation technique that is based on the fdbat
substances have different boiling temperaturegind out the boiling
temperatures of water and drinking alcohol (ethanol).

3) Wine contains 6L3% vol. of alcohol. Make suggesti@sstowhy there
is more liquid in the receiver than 18L.

4) Explain why the.iebigcondenser is better for this experiment than an
air condenser
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2.3. Mixtures andSeparation Technigues

)

Look at thesketchand solve the following tasks:

1. Complete thesketchwith the following terms:
boiling stones— distillate — round-bottomed flask — Liebig condense+
receiver—thermometer—liquid mixture

2. Use arrows to describe thairection of flowof the cooling water.

3. The following text describes the processdidtillation.Fill in the gaps!
distillate, (to) condense, liquid 2x, gas 2x, (to) cool, (to) heatyponent
thermometer

Flierichtung

The distillation is used to separate

mixtures. In theround-

bottomed flask the solution

up to aboil.

risesand passegshe

The temperature helps you to see which

where the temperature is measured.

of the mixture is

evaporating. When the

surface of the Liebigondenser it

reaches the

and runs down the inner

tube as a

In.the receiver the

is collected.
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2.3. Mixtures andSeparation Technigues

LabActivity: TheSecret of Being Green

Materials: green leaveslé€ttuce, spinach etc.), sand,
methylated spirit mortar and pestle, pipette,
4x7 cn filter paper,glassjar with lid

Sketch

Procedure: 1. Crushhe leaves with some sand and methylat

spiritin the mortar.

2. Using thepipette, draw athin baseline with the
leaf extractonto the paper(see sketch)

3. Pour methylated spirit ca. 1 cm high into the jar.
Put the filter paper into the jar and close théd.

4. Take the filter paper out of the jar when the liquid
has almosteached the top of the strip.

Observation:  Describe the leaves and the methylated spirit beft
and after they arerushedin the mortar.
Make a drawing of the dried filter papéor take a
picture).

Hintsfor your conclusions:

1. Comparethe colous of the base line in step 2 with the filter paper
in step 4

2. Natural objects can contain a variety afes They have different
properties such as solubility @dhesive poweto some material
such as papefTheseparation technique from this experiment is
called chromatography It is based on the different solubilis
and adhesive powers of differentomponent of a mixture. Make
a ranking of the adhesive power of the different colours to the filter
paper.

3. Explain the function(s) of the methylated spirit in this experiment.

4. Discuss the following statement: “Green leaves contain only green
dye.”
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2.3.Mixtures andSeparation Techniques

LabActivity: TheSecret Colours ofFelt-Tip Pens

Materials: round filter, Petri dish, waterblackfelt-tip pen
awickmade from filter paperscissors, other felip pens

Sketch:
Label the sketch!

Procedure: 1. Cut out a little hole (ca. 2 mm) in the middle of the rou
filter.

2. Draw ablack spot of about 1 cm idiameteraround the
hole in the middle of the round filter.

3. Place the wick inside the hole and put the filter paper on
a Petri dish filled with water (Make sure the wick touches
the water)

4. Watch the colour on tb paper. Remove the paper shortly
before it is completely wet.

5. Let the filter paper drand write down your observations.

6. Examine different feltip colours by repeating stepsi
with new round filtes.

Observation: Describe what happens to theater and the filter paper.
Describe theontentsof the black felttip pen.

Hints for your conclusion:

1. Explain the phenomenon by using the following words: pure substance,
dye mixture, mobile phase: water, stationary phase: filter paf
adhesive power

2. Watchthe animation https:/chemie-interaktiv.net/htmi5_flash/a140.htm

3. Use the animation in Question 2 tketch and describe the processes on
the particle level with the help dhe film stripon the next page

4. A student wants to investigate which dyes are used in “perman:
markers. The student uses a paper chromatography with water,
realises that thalye spot does not change. Explain how you could help
him.
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( st @ water particles
paper) fiber

description | :} dye particles

 carbon particles
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2.3.Mixtures andSeparation Techniques

Fill in the gapswith some ofthe following words

pure substance, solid mixture, chromatography, sieving, rheterogeneous,
heterogeneousmixture, crystallising, solid, homogeneous mixture, ga:
decanting, specificsuspensios, solution, fog, transparent, liquids, salt water,
emulsion,alloy

1. In some casesnve use to find out if a substance is pure or

if it isa mixture

2. When you can see the components of a mixture with your own giies

this substance belongs to the group of mixtures.

3. Smoke consists of particles mixed wit

4. Milk is an example of an . It is opaque and turbid because
itis a

5. Salt water is a

6. Solutions are homogeneous mixtures of in liquids,
in liquids or in liquids.

7. The mixtures in Gare all clear and

8. A mixture ofliquids in gases &

9. Water colours in wateform and ink isa
10.Pure substances have a boilingtemperature
Yourtasks:

1. Explain why the method of chromatography cannot be used farge-scale
separation of mixtures. Take the experiments with chromatographg as
reference point.

Explain what smogonsists ofindif it is a homogeneous mixture.
Describeone way ofgettingdrinking water from sea water.

Provide an example of how you wid gain sugar frorsugar beets.

Give examples of where the separation of mixtures (of any kind) is carried
out on a large scale e.g. waste recycling.

aprwbd
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2.3.Mixtures andSeparation Techniques

Most of the things we see and use anéxtures. When we drop water onto
astain of a black feltip pen on a filter paper, we see that the colour black
consists of different colours. The experiment tells th& colour of lback
felt-tip pens is not basedn one pure substancebut on a mixture of
different dyes The separatiotechniquein the experimenis basel on the
fact thatdyesstick to paper with differenadhesive forcesAnother aspect

is that water moves ondyefurther than the otherbecause thalyes have
different solubilities in water

Thismethod of separatng substances is callechromatography(Greek:
chronos, colourandgraphein (to) write).

In some cases, we can see that a substance is a mixture of other
components just by looking at iThat is the case wita portion ofcereals

or a block ofgranite. These nxtures of substanceswhose different
components we can see with the naked egee heterogeneouanixtures.
Someheterogeneousnixtures cannot be identified as mixtures right away
e.g. milk. Butfiyou take a look at a droplet of milk under the microscope
you can seevery tinydroplets of fat swimming in the millbecause they
are not disstved.

If water drops ontdhe blackspot made by &elt-tip pen, you can sethat

the blackcolour is a mix oflifferent dyes, e.gred, yellow, green and
purple. Mixtures likesalt water orfelt-tip pen colours whose different
components we cannot see, even with the help of a microscope, are
homogeneousmixtures Homogeneous mixtures of liquids or gases aré
clear and transparent; heterogeneous mixtures apaqueandturbid.

HeterogeneousMixtures HomogeneousMixtures

Name Mixtures of Name Mixtures of
emulsion liquids in liquids| solution solids in liquids
suspensions | solids in liquids liquids in liquids
conglomerate | solids in solids gas inliquids
smoke solids in gases | alloy solids in solids
fog liquids in gases | mixtures of gases | gases in gases

Fig. 1 Different heterogesous and homogeneous mixtures
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2.3.Mixtures andSeparation Techniques

Your tasls:

1) Decide which kind of heterogeneous or homogeneous mixture the follosuhgtances
belong to. Use Fig. 1 as a hdfdl in thefollowingtable.

Heterogeneous HomogeneousMixtures
Mixtures

tooth paste

dusty air

milk

mineral water

wine

clouds

ink

water colour

mud

washing powder

2) Name the kind of mixture that is represented by each offtiiwing depictions) to f)
on the particle level.

a)
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Yourtasks:
1) Fill in the following words to complete ti@nceptMap:
homogeneous, solubility, decantation, chromatography, heterogeneous
2) Colourseparation techniques in green and examples of mixtures in yellow.
3) Pick ten terms from the Concept Map and explain them in German.

important R a measure of how well a substance goes into
o S —
principle for ... N = - s

stationary phase
mobile phase has an influence on ...
| N

——isthe liquid used for a ... —)@1 on

T . el hY
1
- gas mixture
activated carbon {1565 e |
| the liquid that is ,
;= N

e

gained through ... 7 (el liguld

important principle for ...
is used for ... i prinee or gas in liquid)

pure substance

have no effect on ...
[ .. with equal components

_____ . T | I
i is a ... used to separate T a ... with unequal components is .. (liquid

Vim, i oy = ! liquids and solids in liquid)
is a ... used to separate
liquids and solids ’_h’ ______ b

is a ... used to separate s a ... used to separate liquids A

i
| liquids and solids . . T
filtration is ... (solid ) I
is ... (liquid

ingas) .
in gas)
i.s (S(?Hd L

in liquid)

|evaporation= ;{ separation method(s) — can be used with ... —)@ture

the solid that can be
remains after ... the liquid that used for ...
remains after ...

smoke l

one of the liquids

sieve that remains after ...
——uses a... |suspen5|on

| filtrate I
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English German

mixture dasStoffgemisch

component der Bestandteildie
Komponente

homogeneous homogen

heterogeneous heterogen

to separate trennen

(chemical / die (chemische /

physical) property physikalische)
Eigenschatft

to filter filtrieren

filtration die Filtration

filtrate das Filtrat

to decant dekantieren

to evaporate verdampfen

evaporation das Verdampfen

to crystallise kristallisieren

crystallisation(BE) die Kristallisation

to distill destillieren
distillation die Destillation
distillate das Destillat

Example

A mixture consists of two or momponents.
The components of saltater are water and salt.

If you cannot see the different components, the
mixture is homogeneous.

If you can see the differedomponents, the
mixture is heterogeneous.

You can separate water from salt by evaporatil
the water.

Each substance in a mixture keeps its individu:
properties.

If you filter a mixture of sand and water, the
sand stays in the filtgpaperand the water can
be collected in a beaker.

After a filtration the solid substanceemainsin
the filter paper.

A filtrate is the liquid you collect after a filtratior
e.g, the water from the filtration of a mixture of
sand and water.

If you decant the water from a mixture of water
and sand, the sand stays on the bottaifithe
beaker.

If you heat saltvater, after some time all the
water has evaporated and the salt stays in the
beaker.

After the evaporation of salvater, there is only
salt left in the beaker.

When a solute crystadies, it turns into solid
crystals.

During acrystallizationgcrystals form from a
solution.

If you distill a mixture, the component withe
lowest boiling temperature evaporates first and
can be collected after condensing.

If you carry out a distillatioryou can collect the
water from salt water or alcohol from wina the
receiver

The distillate is collected after the evaporation
and condensation of a liquid in a distillatiaag,
the alcohol is the colourless distillate first
collected in the distillation of red wine.
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to extract extrahieren If one component of a mixture luble in
water, you can extract it by adding water to the
mixture.

extraction die Extraktion Cooking tea is an extraction of timater-soluble

components from the mixture inside the tea bag.

extract der/das Extrakt If you mash green leaves withethylated spirit,
you get a green extract of the dyes from the
leaves that are now dissolved in the methylated

spirit.

to sieve sieben If you sieve a mixture, the bigger components
remain in the sieve and the smaller components
fall through.

to float (auf der Oberflache) Components with a low density float on top of

schwimmen the water.

to sink (ab)sinken Components with a high density sink in water.

to attract magnetisch anzieher A magnet attracts iron filings.

(magnetically)

attraction die Anziehung You can separate iron filings from a mixture
because of magnetic attraction

to sort sortieren If you have components of different sizgsu

can sort them with tweezers.

chromatography die Chromatogrie Chromatography is a method which ushs
interaction of the components of a mixture with
a liquid (or gas) and a solid phase.

emulsion die Emulsion A heterogeneous mixture of liquid substances.

suspension die Suspension A cloudy,heterogeneous mixtureontaining
solid components that willater settle in the
solution

solution die Lésung A homogeneous mixture that is formed when a
solute dissolves in a solvent.

conglomerate das Gemenge A heterogeneous mixture of two or more solid
components.

alloy die Legierung A homogeneous mixture @ivo or mare

elements, one of which musthmetal.
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2.3. Mixtures andSeparation Technigues

English German Example

chromatography die Chromatogrie Chromatography is a method which uses th
interaction of the components of a mixture
with a liquid (or gas) andsolid phase.

paper die Papierchromatografic When you are doing paper chromatography

chromatography you use filter paper, put your mixture on the
paper and place the paper in the container
with solvent.

thin-layer die Dunnschicht When you are doing thHayer

chromatography chromatografie chromatography, you use filter paper or
other special chromatography plates.

solvent dasLosemittel You fill the solvenin the container.

container dasGefal You place your filter paper into the containe

base line die Startlinie The base line is the starting point for the
separation on the filter paper.

stationary phase die stationdre Phase The paper is the stationary phase, the

components stick to different spots of the
stationary phase.

mobile phase die mobile Phase The solvent is the mobile phase, it rises up
the paper.

to rise up aufsteigen The solvent rises up the paper.

to get carried weiter bewegt/getragen Some componentget carried further than

further werden others.

to move along mitlaufen Some components move along with the

with mobile phase better than others.

to examine sth. etw. untersuchen After some timeyou can examine the
chromatogram.

to have a great eine grolRe Affinitat zu  The components that arelose to the base

affinity to sth. etw. haben line have a great affinity to the filter paper.

equilibrium dasGleichgewicht Chromatography is based on the equilibriur

set up when a&omponentdistributes itself
between the stationary and the mobile

phase.
adhesive die Adhasionskraft The electrostatic force of attraction betweer
force/power Haftfahigkeit unlike particlesas shown in chromatography.
solubility die Loslichkeit The amount of substance in [g] that can

dissolve in 1 L of water.
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3.1. Conversion of Materials

Lab Activity: Chemical Reactions
Materials:  test-tube, testtube holder, gas burner, spatula

sulfurpowder, folded piece ofopper(about 1cm x 4cm)

Sketch: Label the sketch wh the terms on the right.

%& 1) test-tube

2)gas burner

m 3) sulfurpowder

i

J—
-

4)folded piece of copper

Procedure: Examine thesulfurpowder and the copper strifhoroughlybefore
placing them into dest-tube as shown in the sketch.
Make sure the copper and thaulfurdo not touch.
Heat thesulfurwith a gas burner.
Examine the content of theest-tube after cooling.

Observation:

Sulfur Copper

Before heating

While heating

After heating

Hints for your conclusion:
1. Design a table with the properties of copper audfur. Write the properties in rows and the
substances in columns.

2. Describe the solid strip after cooling down.
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3.1. Conversion of Materials

3. Develop ideas of how to find out more about the properties of the solid stripy@at yaur
experiment(s) after telling your teacher about your plans. Add a column to siuirom
qguestion 1 and include your experimental findings.

4. Read the following text and underline the five most important words. HExphese words
to a partner.

Sometimes substances undergo physical changes such as melting or lingiitihgir properties
remain the same. In a mixturthe components still have their properties and you can use these
properties to separate a mixture.
Sometimes, if you heat a mixeirthe components of the mixture can change. They form new
substances with new chemical and physical properties. This is catleenaical reaction The
substances that react with each other are calledctants The new substances that are form
are caléd products Reactants react to form products.

In aword equation, we write the reactants on the left side and the products on the right side.
In the middle there is areaction arrow.

For the reaction of copper argllfur, we write the following word egation:

19%
o

copper + sulfur ———»  copper sulfide

(Read: “Copper ansulfurreact to form coppesulfide”)

14

To get a better idea about the substances taking part in the reacyion should add state
symbols:
Use the following state symbols:
(s) forsolids,
() for liquids,
(g) for gases and
(aq) for dissolved substances.

The complete word equation for the reaction of copper audfuris:

copper (s) + sulfur(s) — >  copper sulfidgs)

(Read: “Solid copper and sadidlfurreact to form solid coppesulfide™)

5. Write a conclusion using your observation and the information from the @aes a
chemical reaction take place? Include the reasons for your answer in godlusion.
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3.1. Conversion of Materials

Lab Activity: The Copper Envelope

Aufgaben (Partnerarbeit!)

1.Lest die Versuchsvorschrift auf dg
rechten Seite und besprecht di
einzelnen notwendigen Versuchsschritt
2.Verbindet die Begriffe neben de
Versuchsskizze mit den passend
abgebildeten Komponenten.
3.Beschreibt einander auf Englisc
welche Funktion die rechts neben de
Skizze genannten Komponenten i
Versuch haben.

V Kupferbrief
Schutzbrille!

Flamme des Gasbrenners. Lass es

abkihlen.

Fulle nun grobes Aktivkohlepelv in das
Briefchen und erhitze es ohne Schiittg
erneut. Lass es abkihlen und schutte d

restliche Pulver heraus.

Falte aus einem kleinen
quadratischen Stuck Kupferblech ein offengs
Briefchen. Halte es anschlielBend mit eir]
Tiegelzange ca. 30 s in die rauscher

er

}

as

4. Uberlegt gemeinsam, welche weitere
Materialien ihr fir den Versuch benotigt.

Schreibt diese auf Englischmageyials” auf.

5. Verfasst eine englische Versuchsanleitung, die einzelne Arbeitssanttialt.
6. Notiert eure Beobachtungen und bearbeitet die Auswertungsfragen.

Materials:

Sketch:

Procedure:

copper sheet,

activated carbon,

gas burner
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3.1. Conversion of Materials

Observation:

Hints for your conclusion:

1.

Describe the outer appearance of the copper sheet before and after heatinghe first
step.

Compare the amount of carbon before and after heating.

Describe the look of the inner and outer side of the envelope after taking outahgon.

Make an estimation concerning the reaction partners in both steps.

Suggest a word equation for 1) the reaction that takes place during the fiesinigeand 2)
the reaction that takes place when heating the cardidled envelope.
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3.1. Conversion of Materials

Substances can change under certain conditions. You might kr =
this phenomenon from baking a cake or cooking your favouri
meal. When you heat sugar, for example, it becomes cara
(Fig.1). What happens to the sugar during the heating process?

(b)

Fig.1: sugar (a), caraméb)

Chemical reaction
Every substance has characteristic properties. When you heat
sugar, the resulting product looks, smells and tastes differently. A
new substance with differamproperties is formed.

These conversions of matter do not only take place in the kitche
you heat chemicals, they can turn into new substances. |
substances that are formed froreactantsare calledoroducts The
process of the conversion is calladhemical reaction.

In chemical reactionsnew substances with new properties a
formed.

If you heat copper, a chemical reaction takes place. Coppesakca
and shiny brown metal (Fi®). The metal strip changes its colour
when it is heated and becomes a dark solid substance.
substance is called copper oxide (Bjg.Copper and copper oxide
have different properties.

Chemical properties Copper Copper oxide
colour metallic, shiny black
brown
boiling temperature 2595 °C 1026 °C
melting temperature 1084 °C 1326 °C
density(at RT*) 8.92 g/cm3 6.48 g/cm3
state of matter(at RT*) solid solid

*RT = room temperature | Fig, 2: copper Fig. 3: copper oxide
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3.1. Conversion of Materials

Characteristics of chemical reactions

The produced copper oxide cools down and keeps its properties. It
does not show characteristics of the reactardspper and oxygen.
This is the major difference between a chemical reaction ar
physical change in the state of matter. In a chemical reactiom
change is permanent, whereabanges in the state of matt€e.g.
heating liquid water until it becomespour) are easilyeversible

Chemical reactions are used by companies to manufacture
products. If we takerude oilas an example, a variety of products;
can be produced from that are the basis for making fuels, drugs;
soaps or cell phwe cases andather everyday objectsOur world
would not exist without chemical reactions. When plants or other
living organisms grow, new substances are formed. When we digest
food, many chemical reactions take place in our body in order to
build new substances needed by our bodies. The oxygen we breathe
is one of the products of chemical reactions in plants that t
carbon dioxide and water into sugars and oxygen with the help of

sunligh and the green pigment chlorophyll.
Your tasks:

1. Decide and explain if the following processes are chemical reactions:
a) burning of wood, b) dissolving salt in water, c) rusting of an iron nalil.
2. Correct the statement “Sugar is brown after the heating process.”
3. Write a word equation for the reaction in plants that is mentioned in the.tex
4. Describe the experiment shown in Fig. 4.
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/Y
3.2. Energy inChemicalReactions &

LabActivity: Energy andchemicalReactions— Exothermic andEndothermic

Materials: 1 test-tube, testtube holder, spatula, burner, lighte
porcelaindish pipette, thermometer,
2 g bluecopper sulfatgpentahydrate distilled water

Procedure: E1)Fill theblue coppesulfateinto the test-tube and heat
it strongly for a minute After cooling down wipe the
upper part of the inside of théest-tube with a piece of
Watesmo paper

E2)Place a thermometer in the solid product frafdand
note the temperature. Add A0 drops of water to the
liquid andimmediatelynote the temperature again.

Observation: E1)

E2)

Hints for your conclusions:

1. Compare the colour of the solid before and after heatingin

2. Watesmo paper turns blu@ it has contact with water. Apply thi
information to your olservation inE1
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3.2. Energy inChemicalReactions

3. Make a hypothesis on where the liquid must have come froilin

4. Write down aword equationfor the reactions irelandE2 (Info: the

white substance is called coppsulfate)

El)

E2)

5. On the basis of your observationH, suggest how you can regenerate
your reactantfrom E2

6. Eland E2show that we do not only have to look atactantsand
products when dealing with chemical reactions. Energy is
important, too. In this casewe consider heat energy. There are some
reactions which can only take place if ysupply energy. Other
reactions actuallyeleaseenergy.

Reactions that release energy are calledothermic reactions
Reactions that need enerdy be supplied during the reactiare called
endothermic reactionsExplain which of the reactions froEfLand E2
is exothermic and whicbneis endothermic.
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3.2. Energy inChemicalReactions

Exothermic and endothermic reactions

A characteristic quality of each chemical reaction is not only a change of
matter, but also arenergeticchange There are different forms of energy
involved There are chemical reactions that need to be startechbst
energy. In other reactionsheat isreleased Light energyis another form

of energy that can either be used to start a reaction or that can be
releasedn a chemical reaction. Another form of energglisctric energy
which is madeavailableby the reactions that take place in batteries and

accumulators.

When energyrich reactantsturn into low-energy products, the reaction
is characterized by giving awanergy (Fig.1)Reactantscontain more
energy than the reactants. Threaction energythat is set free is given
away to the surroundingsChemical reactions like these are called
exothermic reactionsOn the other hand if we have toadd heat energy
during areaction to keep it going the chemical reaction is callemh

endothermic reaction

We can add “exothermic” or “endothermic” to the word equation
make it clearer whether the overall reaction needs or whetheelkases
hea energy, e.gin the synthesis of irorsulfide

iron (s) tsulfur(s) —»

Activation energy

irosulfide(s) | exothermic

Very fewexothermic reactions start spontaneously when tleactants
are mixedMostreactions however, need some energy input to make the

reaction start In these cases,
an energetichurdle must be
taken We can think of this
hurdle as being an energyill.
Once this hill has been
overcome, the exothermic
reaction takes placbyits own.

reactants:
iron and
sulfur

activated substances

activation
energy

product:
iron sulfide

The heat energy that helps to
overcome the energhill is
calledactivation energy

Your tasks:

1. The synthesis of coppesulfide and zinc sulfide are exothermic
reactions.Thereaction energy of theynthesis of zinsulfideis greater
than that ofcoppersulfide Draw an energy diagram which shows this.

2. There are 15 matches spread across a metal plate. Find a way of ho
light all matches, even though you are only allowed to light one matg

in the matchbox.

progress of reaction

Fig. 1Energy scheme of an exothermic
reaction of iron andsulfur
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3.2. Energy inChemicalReactions

In a chemical reaction there is always amergy turnover Theform of
energy involved is neither produced nor destroyed, kednverted
Chemical energy of theeactantsis convertedinto chemical energgtored
in the products andsometimes also other forms of energy e.g. ligigat
or electric energy.

released energy
(e.g. light or heat)

chemical energy chemical reaction
of reactants

v

chemical energy
of products

Fig. 1: Energy transformation during a combustion

Electric energy

Electric energy is a form of energy that can be ugedtart chemical
reactions It can also be the product of a chemical reactidhink of
batteries that supply electrienergy because of the chemical reactions
taking place inside. In accumulatpike the one in your mobile phone
electric energy is needed to produce the substances that react
reversiblechemical reaction, powering your mobile phone once it is loaded

Heatenergy

In exothermic reactionsheat energy is giveaway to

the surroundings. In endothermic reactigrenergy is
taken in from the surroundings.

Exothermic processes includecombustions and
respiration Photosynthesis is considered to be

endothermic reaction

Fig. 2 A bonfire

Light energy

The sun and other light sources emit light almea
energy. Light can be emitted in a chemical reactio
combustions and in glow sticks. The light emitted
glow sticks is called “cold light” ohemoluminescence
In somecases light is needed to start a chemica
reaction. The intensity of the light perceived by t
human eye is commonly known beghtness

Fig 3: Combustion
of magnesium
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3.2. Energy inChemicalReactions

Your tasks:

1. Write an English procedurer the experiment below.
Use the following words and phrases:

bottom — (to) cover—a spatula tigfull of —(to) add— (to) rotate— (to)
mix— Erlenmeyeflask- mixing

Lehrerversuch€hemolumineszenz von Luminol

DurchfihrungDer Boden eines Jrlenmeyerkolbens wird ca. 0,5 ¢
hoch mitKaliumhydroxiePlatzchen bedeckt. Es werden 1 mL
Dimethylsulfoxiduind eine kleine Spatelspitzeiminolhinzugefiigt. Dann
wird durch Rotationsbewegungen des offenen Kolbens fiir eine gute
Durchmischung gesorgt.

2. Follow the link:
https://chemiedidaktik.uriwuppertal.de/index.php?id=4530&L=0
Watch the video andvrite down your observations.

3. Name the form of energy you can observe dpmduct’ of the
experiment

4. Find examples where liglenhergy heatenergyor electric energy is
released ira chemical reaction.

5. Look at Figd. Name the energyoniversionsiepicted ineach
picture.

Fig 4 Different forms of energy in chemical reactions
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3.2. Energy inChemicalReactions

LabActivity: Examination of &&ow Stick

Materials: glow stick

Sketch: g .

Procedure:
1. Examine the setip and the componentsf the glow stick.
2. Label the sketch with thiollowing terms:
dye solution glass tube witla solution plastic tube
3. Activate the glav stick in a dark roorby bending it

Observation:

Before the activation After the activation

Hints for your conclusion:

1. Explain why it is necessary to bend tflew stick.

2. Describe whahappens inside the glow stick.

3. Explain with energytransformationtakes place in the experiment

4. Discuss whether the use of glow s#Hclas bracelets at parties is
environmentally friendly.

Beyond the experiment:

Some insectslike firefliesand marine organisms suc
as jellyfishemit coldlight. Research the function ofith
so-calledbioluminescencéor these organisms.

Fig. 1: Aifefly
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3.2. Energy inChemicalReactions

Your Task:
Complete theConceptMap. Fill the empty boxes with words that fit the context.

] compound

—_—
element — 1 ! heat
R

can undergo aform of
can undergo can take different forms of | 1

can undergo .
yields

is needed to start a form of

,, =)
A = — = Y

is involved in any

is a...that joins substances is a ... that decomposes substances|

r N

‘_J

chemical reaction

J
that release heat energy are...

— o mm m— m—y

_J

that need heat energy are...

substance that takes partin a...

substance that is formed from a... is valid for any...

can be changed by a...

is the...of the reaction of iron and sulphur

copper sulphide o ==y
|

e = = - - [characteristics/p roperties]

...Is constant in a chemical reaction according
to

mass
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3.2. Energy inChemicalReactions

English German

chemical reaction die chemische
Reaktion

property die Stoffegenschatft

chemical change die chemische
Veranderung

word equation die Wortgleichung /

Example

If substances change their propertj@schemical
reaction takes place.

Iron hasdifferent chemical properties than rust
Baking a cake is a chemical change, because
substances arérmed.

Aword equationcontains thereactants and the

/reaction scheme dasReaktionsschema products of a reaction. It can also include the

reaction arrow

to react to form reagieren zu

reactant der Ausgangsstoff/
dasEdukt

product dasProdukt

element dasElement

compound die Verbindung

arrangement of

particles Teilchen
analysis die Analyse
synthesis die Synthese
exothermic exotherm
endothermic endotherm

activation energy die Aktivierungs
energie

der Reaktionspfell

die Anordnung der

state of matter of thereactantsand products.

copper (s) sulfur(s)  ——» coppersulfide(s)
A reaction arrow is placedetween reactans
and products in a reaction scheme.
Copper andasulfurreact to form coppesulfide
Copper anasulfurare reactants

Coppersulfideis the product.

Elements cannot be split into simpler substanc
Compounds an be formed from different
elements.

If you look at the arrangement of particlgsou
look at how particles in a substance are
surrounded by other particles.

An analysis is a reaction in which a compound
reacts to form the elements that it is made up of.
Example: silver oxide reacts to form silver and
oxygen.

A synthesis is a reaction in which a compound
formed from elements. Example: silver and
oxygen react to form silver oxide.

In an exothermic reactigrheat is given away
from the reacting system.

In an endothermic reactigrneat is taken in by
the reacting system.

Activation energy is thamount of(heat) energy
which is needed to start the reactiol.comes in
different forms.
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4.1. Air — A @sMixture?

LabActivity: TheComposition of Air

Materials:

Setup:

Procedure:

Observation:

air,degreasedron wool,combustion tubestands, clamps
clamp holders 2 onehole stoppers, Zyas syringesgas
burner, lighter, glass cylindarooden splint

100 mL air iran wool
[]j | I T rr e iy T
gas one-hole combustion
syringe stopper tube

Fill the combustion tube at least hdlill with the iron
wool. Fill one of the gas syringes with 100 mL air, the other
one stays empty. Connect both gas syringes with
combustion tube and place the burner below the ir
wool.

Keep heating the iron wool and move the air from one gas
syringe to the other until theotal gas volume does not
change ansgnore.

Let the apparatucool down. Watch the iron wool an
note the volume of the gas inside the gas syringe.

Press the remaining gas into a glass cylinder and test the
gas with a&urningsplint.

a) iron wool before and after heating:

b) gas volume:
before heating: V= mL

after heating: V= mL

c¢) burningsplint:
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4.1. Air — A @sMixture?

Hints for yourconclusion

1.

Explain why we can say that the iron wool resiotform a new

product.

In the experimentiron reacts with another substance. Name this

substanceand explain which observation has led you to this conclusion.

Write a word equation for the reaction in the combustion tube.

Explain theobsewation atthe burningsplint in the remaining gas.

With this experimentyou can find out how much oxygen there isin
given volume o#ir. Calculate thg@ercentageof oxygen in air from the

difference of gas volumes.

Look at the setup of the experiment and explain why the result of the
calculation fromQuestion5 does not lead to the exact percentage of

oxygen in the portion of air in the apparatus.

It isessentiato put enough iron wool into the combustion tube. Explaia
why we would get a wrong percentage of oxygen if we had put only

very little iron wool into the combustion tube.
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4.1. Air — A @sMixture?

Themain componentsf air

Having spent long hours in classrooms, you might become slightly tired: It
is stuffy and the air has become stale. Open the window and you will g&t
fresh air again!

The following situation in the lab is quite similar: Put a beaker upside down
over a burning candléel'he flamewill go outsoon. As you can see, candles
need air to burn and human beings need air to breathe.

Thecompositionof air

If you burn iron wool with 10@nLof air in a tightly closed apparatuthere
will remain a volume of 8L after the reaction has taken place. This means
that the iron wool has reacted with only a part of the air. We daduce
that air consists of at least two different gaseous substanGege of them

is responsible for the combustion of iron wotilis the substancexygen

In the reactioniron and oxygen form iron oxide, which is bluish black.
The reaction is finished as@wo as the whole portion of oxygen has been
used up.Since 20nL of 100mLof air were used in the experiment, we can
deduce thatthere is approximately 206 xxygen in the air.

If you insert aglowing splintin the remaining portion of gas from the
apparatus, it will stop glowing. A burning splint wtibp burning too. The
remaining gassuffocatesthe flame,
which is why themajor constituenif
this gas is called 'Stickstoff' in German.
There is no tellingname for this
substance in the English language. It is
called nitrogen. With a volume
fraction of 78%, it is the largest
componentof air (Figl.). However,
the remaining gas is m@ure nitrogen
but a homogeneous mixture of
different gases such as argon
carbon dioxide whose volume
fractions are less than %.

0.04

Fig. 1:Air—a homogeneous mixture
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4.1. Air — A @sMixture?

Nitrogen

Nitrogen is odourless and colourlessAt a

temperature of 0°G it has a density of 1.2§/L and

at a temperature of-196°C it condense into a

colourless liquidKig. 2). Nitrogen imert, that is, it

hardly reacts with other substances. As a

consequence, it isiot flammable and burning

flames are suffocated by it. However, this is also the

case withother gasesherefore you need further

teststo rulethem out. Fig.2: Liquid nitrogen

Oxygen

Only approximately onéifth (21%) of the air consists of theitally
important gasoxygen It is colourless, odourless and ntwxic. Its density
is 1.43g/L at a temperature of 0C. At-183°C it condenses into hlue
liquid.

Both human beings and animals need oxygen to breathe. It is necessary for

combustion reactionsand it formsoxideswith many other substances. If
you want to test a gas portion for oxygen, you maatry outa glowing
splint test Insert the ¢gpwing splint into the gas. If there is oxygérbegins
to glow brightly oreven catches fire.

Carbon dioxide

Regular air consists of approximately@&carbon dioxide whose density

is 1.98g/L at atemperature of 0°C. If you want to test a gas portion for
carbon dioxide, you must performliane water test The gas in question is
introduced into lime water. A whit@recipitateis formed immediately in
the presence of carbon dioxide.

Carbon dioxide an become harmful to human beings and animals if its
concentration in airs higher thara volume fraction of 8%. If this is the case,
human beings wilfaint. Plants, however, need carbon dioxide in order 1o
perform photosynthesis
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4.1. Air — A @sMixture?

Noble gases

Almostone percent of the air areoble gasesAll noble gases are colourless
and odourless. Due to the fact that they arert, there are only very few
stable compounds formed by noble gases. This is the reasorsaudmtists
have discovered them rather late in comparison with other elements. The
term rare gasess synonymous with noble gases.

Even though noble gases arare, they are important for everyday life.
Since they are inert, they are used as shields for delicate food oatdelic
processes. For examphlrgonhelps as ahielding gasiround the hot metal

in aweldand in containers fowine storage. Airships are filledtiv helium
because it is safer than hydrogen and girbvideslift as it is much less
dense than air. Doctors operating on eyes use lasers basddygpton.
There arealsothe many brightly coloured lights in cities which function on
the basis of noble gases, emgponis responsible for the colour red

Your tasks:

1. Only four noble gases are mentioned in thext. Write down the
remaining ones. Use the periodic table of elements (PSE).

2. Create information posters for the following gas based on the
information from this unit nitrogen, oxygen, carbon dioxide

3. Draw a series of sketches showing how to carry out a) a glowing splint
test and b) a lime water test.abel your sketches with both English and
German terms.
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4.1. Air — A @sMixture?

LabActivity: TheGreenhouse=ffect

Sketch: Materials:
stand, clamp holders
/ clamps, glass trough
thermometer, large

petri dish, lamp, water,
Label the lines with the carbon dioxide, blacl

following words: card board
lamp, water, air or carbon

dioxide, thermometer

=

Procedure: Set up theexperiment according to the sketch

2. Place a piece of black cardboard at the bottom of the
glass trough.

3. First there is airin the glass trough. Measurds
temperature. Turn on the lamp and measure t
temperature atintervals of 30 s.

4. Fill the glass trough with carbon dioxide and repeat the
procedure described istep 3.

Observation: 1. gas in the glass troudistep 3)

temperature before turning on the lamp:

[s] |30 |60 |90 | 120 150 | 180 | 210 | 240 | 270 | 300 | 330 | 360
[°q
2. gas in the glass troudistep 4)

temperature before turning on the lamp:

[s] |30 [60 |90 | 120|150 180 | 210 | 240 | 270 | 300 | 330 | 360
[°q
3. Make a diagram showing the results of your measurements. Label th

axes and find a suitable titl®escribe the change in temperature when
there is either air or pure carbon dioxide in the glass trough.

Hints for your conclusion:

1. Explain which property of the compound carbon dioxide is shown by this exgm@rim
2. This experiment is model experimentwhich simulatesthe greenhouse effect. Try to
explain which parts of the experiment stand for:
land - clouds- sun
3. Imaginesomeone placeda piece ofaluminium foil instead of black cardboard in the glass
trough. Make an assumption on the effetitis would have
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4.1. Air — A @sMixture?

Thenatural greenhouse effectvarms the earth and keeps animals, plar
and human beings from freezing to death. This effect is similar to tharoné
greenhousegFig. 1) Why does planet arth stay warm-and whyis it geting
ever warmer? What are greenhouse gases? And what is the rol
humankin®

Greenhouse effecin a nutshell

Let us start with greenhouses in gardens. Ii

warmer inside a greenhouse than outside

Greenhouses are made of transparent gl

walls and glass rootherefore the radiation of
Fig.1: Agreenhouse the sun, which brings light and heat, can enter

easily. Plants and the groun@bsorb the
radiationenergy. As a consequence, everything inside the greenhouse heats
up. Since a greenhouse is closée warm air igrappedinside.
Another process taking place is tlenversion of light energy into hea
energy. A part of the light that touches the ground is converted into h
which is therreflected.Since the heat energstays insidethe greenhousas
getting warmer and warmer insideBefore it can gettoo hot inside, the
gardeners open the door to cool it dowaillowingthe hot airto leave the
building. Alternativelyyou can simply lea/the greenhouse and enjoy being
outside

Life on erth made possible by solar radiation

The extremely hosun emits radiation in all directions. A part of the solar
radiation travelsgowardsthe earth. It is absorbed by the atmosphere and by
the earth’s surface. Thiselps to heat up the &th, making lifepossible. A part
of the radiation isreflected This waya part of thesolarenergy is radiated
back intospace.On the one

hand it is important for life on

earth that some part of the

radiation is absorbedso that

the earth is warm enougffor

our ecosystem On the other

hand it is equally important

that a part of the radiation is

reflected becausé should not
become too hot. Fig.2: Afragile shell of gas around the planet
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4.1. Air — A @sMixture?

The atmosphere: thalirector of heat and cold

The atmosphere (Fig. 2) of the earth is responsible for the perfecuatraf
heat on earth. If there was no atmosphere, all of th@’s solar energy would
leave back into space and the temperature on earth would$eold as18°Q
The arth’s atmospherecontains some substances, smlled greenhouse
gases which keepadiation from leaving planetath. Carbon dioxideyater
vapour and methaneare important greenhouse gases. They absorb f
reflected radiation and keep the heatin the atmosphereThis iscalledthe
natural greenhouseeffect. The greenhouse effeds a perfectly normal thing
andisresponsible for life on earth as we knowHiowever, the problem is that
the higher the concentration of greenhouse gases, the nhewe thatcan be
absorbed by these gasasd the hotter the planet becomes.

Theanthropogenicgreenhouse effect: a mamade problem

Snce the Industrial R@lution in the 19th century mankind ha started
burning largeamounts offossil fuels @al has been bumd to fuel industrial
plants and power plants. Mosacs are fueled bpetrol, planes need kerosene,
and natural gas is bued for heating purposesloday it is an accepted fact
that global warmingis mainly caused by the increasing concentrations
greenhouse gasdwsoughtinto the atmosphere by human beings. It is our task
to work on solutiongo reduce these emissions

Your tasks:

1. Describe Fig. 3 and explain it using the
information from the textMake guesses
what the letters and arrows might
represent or indicate.
2. Conduct research on the structure and
composition of the earth’s atmosphere.
3. Conduct research on the origin tfe
following gases which are produced as a
result of human activity: carbon dioxide,
methane, nitrous oxide;fases.
4. Make a list of ideasf what can be done
to reduce the anthropogenic greenhous Fig.3: The natural greenhouse effect.
effect:
a) What can you do yourself?
b) What do you expedtom politicians and businegseople?



4.1. Air — A @sMixture?

Your tasks:

Using the info text, complete the givémnceptMap with thefollowing ten réations:
contains less than 1% ;afontains approximately 21% ;afontains approximately 78% ;of
essential forgenerated inis (2x) maintaing cannot maintain necessary for
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4.1. Air— A @sMixture?

English German

(to) absorbsth. etw. absorbieren
atmospheric der Luftsauerstoff
oxygen

carbon dioxide

combustion

(to) emit emittieren

glowing splint test die Glimmspanprobe

greenhouse effect der Treibhauseffekt

greenhouse gas dasTreibhausgas

homogenreous dashomogene
mixture Stoffgemisch
lift der Auftrieb

lime water test die Kalkwass@robe

nitrogen der Stickstoff
noble gases dasEdelgas
oxide dasOxid

oxygen;see also: der Sauerstoff

atmospheric oxygen

reactivity die Reaktivitatdie
Reaktionsfahigkeit

(to) reflect sth. etw. reflektieren

shielding gas dasSchutzgas

die Verbrennunggie
Verbrennungsreaktion combustion. There are also combustion engines

Example

Greenhouse gases absorb radiation

You can buy oxygen gas cylinders but there is
a lot of oxygen already in the a#it is called
atmospheric oxygen.

dasKohlenstoffdioxid When luman beings breatheut, it is a gas

mixture which is enrichedith carbon dioxide.
The process of burning something is called

that burn fuel.

The sun emits radiation.

This isa testto identify oxygen.

The greenhouse effect is responsible for a wa
earth. It is vital for the existence of human
beings.

Carbon dioxide is a greenhouse gas.

Air consists of different pure gases which mak
up ahomogeneousnixture.
The noble gas helium provides lift in airships.

You can identify carbon dioxide gas with the
lime water test.

Air contains 78% of nitrogen. It is its main
component

The term rare gases is synonymous with nobl
gases.

Oxides are pducts of combustions. For
example, oxygen reacts witfon to formiron
oxide.

Human beings need oxygen to breathe. There
21% of oxygen in the air.

Oxygen has a high reactivityhereasnoble
gases have a very low reactivity.

The earth reflects a part of the solar radiation.
Food is packed in containers which are filled
with shielding gasltis protectedbecauseit
cannot react with atmospheric oxygen.

67



4.2 .Burnt DoesNot Mean “Gone”

LabActivity: Oxidation

Materials:

Stup:

Procedure:

Observation:

high-meltingtest-tube, gas burner, lighter, tongg,on wool

E1) E2)

Beforeyou start, divide the iron wool to three portions of
equal amounts. Put one portion aside. You will need it to
compare it with the other portions after the experiments.

E1)Takeone portionof the iron wool, pull it apart and form
a fuzzy ball. Take ngs and hold one end of the iron wool
into the flame of the burner. Compare the iron wool before
and after burning.

E2)PRut anotherportion of the iron wool into a higimelting
test-tube and heat it up strongly. Take out the iron wool and

examine its surface after the experiment.

Iron wool before burnin@r heating

E1)During burning:

Iron wool after burning:

E2)During heating:

Iron wool afterheating:
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4.2 .Burnt DoesNot Mean “Gone”

Hints for your conclusion:

1.

Compare the outeappearanceof the iron wool before and after burning.

Give reasonas towhy a new substance must haf@medin E1
Compare the products fronitl) and E2) and decide if it ighe same
substance. Name the differences and similaritieshaf proceduredrom
El)andE2)

Evaluate the following statement: “l&1) the iron wool reacts with the
flame ofthe burner”.

If you carried ouE2)in atest-tube with no air inside, the iron wool would
not change at all. With this informatiainy to name thereactantsin E1)
andE2)

If a substance reacts with oxygen and fornepound with oxygen, we
call this reaction amxidation. The product is calledn oxide. If copper
reacts with oxygent will form copper oxideName the product ife1)and
E2)

Try to write aword equationfor the reactions irE1l)and E2)
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4.2 .Burnt DoesNot Mean “Gone”

Oxide formation duringcombustions

If you burn tiels like woodwax, natural gasor petrol, they react with
oxygen to form carbon dioxidend other productsEven metals can burn
and formmetal oxides. When iron wool is burntthere is an exothermic
reaction with oxygen. During this process, the magnetic, flexibrewool
turns from ashinygreyish silver to @luishblacksubstance Furthermore,
the new product, which is callacbn oxide,is not magnetic anymore and
it has becomebrittle: It breaks as soon as you try to fold it.

iron (s) + oxygen (Q) iron oxide (3| exothermic

The products of chemical reactions with oxygen are caliedes They are
formed in each combustion. The technical term for such a reaction is
oxidation. You carprovethat oxygen is necessary for this reaction if yau
heat iron wool in arevacuatedest-tube. With no air inside, the iron wool
will remain shiny and greyish silver. If you want to prove that the iron wool
does not react with the burner flame itself, but that oxygen is one of the
reactants, heat up some iron wool intest-tube so that the flame does
not touch the wool. You will see that bluish black ioxide is formegtoo.

Combustions are exothermic chemical reactions betweefuel and
oxygen. The energy is released as light bedt thermal energy. The
products of combustions are oxides.

Your tasks:

1. These three photoshow substances fronthe chemical reactior
described bythe word equation above. Fiisfind the correct term
(oxygenjron oxideor iron) for each picture and write it down. Second,
write down the term reactant or product
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4.2 .Burnt DoesNot Mean “Gone”

2. Write down the word equation for the reactioof zincand oxygen.

3. InFig1l, there is the energy diagram for the exothermic reacbbthe
formation ofiron oxide: Add the wordsgeactantsand productto the
diagram. Then answer these questions:

- Which lettera-d representdhe amount ofchemical energy of
the reactant®

- Whichletter a-d represents the amount ofhemical energy of
the producf

- Which lettera-dindicatesthe amount ofactivation energ9

- Which lettera-dindicates the amount afeactionenergyin this
reaction?
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4.2 .Burnt DoesNot Mean “Gone”

LabActivity: TheConservation ofMass

Sketch:

Procedure:

Observation:

Sketch:

Procedure:

Observation:

Materials:
beam balancetwo beakers

/ with a piece of wood
i pocket lighteror matches

Take two pieces of wood with identical masses and p
them insidethe beakers. Put each of the beakers on each
side of the balanceBurnone of the wood piecesvithout
taking it out of the beaker

Materials:
beam balance, iron wool,
pocket lighter

Take two pieces of iron wool with identical masses patl
each oneon eachside of the balance. Light one of tt
portions of iron woolithout removing it from the balance
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4.2 .Burnt DoesNot Mean “Gone”

Hints for your
conclusion

Sketch:

Procedure:

Observation:

Hints for your
conclusion:

1. Write down the word equatiosfor E]) andE2. Add
the state symbolsHint: Assume that wood mainly
consists of carbon.

2. Compare the observations Hl) andE2 and compare
the word equationsExplain the results of your
comparison

Materials:

five matcheshigh-melting
test-tube, balloon,digital
scale burner

Put the matchesead firstin the test-tube. Closet with the
balloon and weigh it. Write down the mass.

Now heat thetest-tube until the matchesnside itcatch fire.
Weigh theclosed test-tube after it has cooled down

1. Comparethe test-tube and its contens before and after
heating.

2. Compare the mass of theest-tube before and after
heating.

3. CompareE]) andE3 considering the setip.

4. Explain the different observations madegd) andE3.
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4.2 .Burnt DoesNot Mean “Gone”

When a wax candle is burnt on a scale, it loses weight because the pro
oxides are gaseouspread in the aiand cannot be weighed. The same holds
true if charcoal is burnt during a barbecuéerefore we have to change the
experimental seup to catch albf the products during combustions

Combustions of matches in a clos¢ekt-tube

If we close the apparatus, neither reactant nor

product can leave. This procedure ensures that we

can weigh all substances that take part in a

chemical reaction. This is called a combustion in a

closed system _ _

If you burn matches in test-tube that is closed E]igmi;hﬁ]?nn(iix'r?; ent
with a balloon, the mass will be the same befo.c

and after the reaction because in this setalbbmasses can beeasural (Fig.
1). The sum of all reactant masses equals the sum of all product masses. This
is the law of conservation of massThus, mass can never be created
destroyed

During chemical reactions, there is no change in mass. The total mz
reactants and products does not change.

The combustion of carbon using John Daltoatemic model

In the diagram below the word equation, there are six carbon atoms in a neatly
ordered cluster (depicted inblack and there are always tavoxygen atoms
bonded together(depicted inred). These react to form carbon dioxic
particles, in whose centre you find the carbon atom which is bonded to two
oxygen atoms.

carbon (s) + oxygen (Q) carbon dioxide (g) | exothermic

Your tasks

1. Count the atoms on both sides of the reaction arrow and prove that the
number of atoms has not changed.

2. Draw the atoms in théest-tube before heating and after heating. (Help:
Assumethat wood only consists of carbon atoms. This wsiithplify this
task)
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4.2 .Burnt DoesNot Mean “Gone”

Thecombustion of iron using Dalton’s atomimodel

If you now burn iron wool as shown ir

Fig.2, the iron wool on the right become:

heavier. Contrary to the combustiot

before, the product here ia solid. Solid

iron reacts with gaseous oxygen from tr

air to form solid iron oxide.

In this casethe reaction takes place in ai

open system In order to prove that the Fig 2:A fuzzy iron ball is ignited

law of conservation of mass is valid, you

must close the system: Put a tightly clogedt-tube with iron and airon a
digital scaleNow you have closed systenif you heathe test-tube, you can
again prove that there is no change in masses during a chemical reaction
The chemical reaction can again be written down in a word equation
visualized with Dalton’s atomic model in a diagram below the word equation:

iron (s) + oxygen (Q) iron oxide (s) | exothermic

Iron atoms (depicted inrey), which are in a neatly ordered cluster, react with
oxygenparticles (depicted inred) to form a neatly ordered cluster of iro
atoms and oxygen atomsiron oxide. If you count the atoms on either side of
the reaction arrow, you will see that there is nbangein number Thus, the
atoms have only beereordered and mass has been conserved. This proves
the law of the conservation of mass

Your tasks

1. Explain why we can deduce that mass has been conserved if we
numbers of atoms in reactants and products.

2. What wouldthe scalesdisplay if the balloon inE3 burst during the
reaction?Give reasons for your answer.
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4.2 .Burnt DoesNot Mean “Gone”

LabActivity: Boyle’'sExperiment (to be carried out by the teacher)

Materials:

Sketch

Procedure:

Observation:

gas burnerpxygen and materials shown in the sketch belc

English terms:

balloon (prestretched)
> stopper

glass tube

/round-bottomed flask filled
with oxygen

_—grairsof activated carbon
—— ————corkring

digitalscale

First,0.2g d activatedcarbonare putin a roundbottomed
flask. Afterwards, a balloon, which has been inflated before
the experiment a couple of times in order to stretch it, is
attached to the glass tub&hich is stuck in the stoppelf.the
balloon cannot be attached to thglass tube, the end of the
glass tube can be inserted in a small stopper with a hole and
the inflated balloon idastenedonto it. Finally, the flask is
filled with oxygen and closed immediately with the stopper
Now the weight of the closed and filléidsk is measuredrhe
flask isheated with a burner until the activated carbgtarts
glowing. Doing so, the flask is carefudlyakenso that the
catbonis moving in the oxygeatmosphereuntil the glowing
vanishes (It is advisableto conduct the expement in a
darkened room.)

mass before heating: g

mass after heating: g

Make notes using the following expressions:
- Inside the rounebottomed flask ..

- After sometime, the activated carbon starts ...
- ... Inside the rountottomed flask ... At the end ...
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4.2 .Burnt DoesNot Mean “Gone”

Hints for your conclusion

1. Explain the observatiain the flask Consider the chemical reaction that
takes place and the result from weighing the apparatus before and after.

2. Understanding Boyle’s experiment: All of #todlowingtasks refer to the
four diagramsa)—d).

2.1: Which of these diagrams represents Boyle’s experiment correctly?
2.2: Which of the diagrams does not show a chemical reaction?

2.3: Which of the diagrams show(s) the correct type of reactants and
products?

2.4:Tick offthe correct statemen(s)about Boyle’'s experiment:

A) The flask is empty after the chemical reactign

B) The reaction is exothermic. Il
C) The reaction is endothermic. ]
D) The mass of the flask remains unchanged. []
E) The number of carbon atoms changes. U]
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Your task:
Using the info textThe Law of Conservation of Massbmplete thegivenConceptMap.
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English German Example
carbon dioxide dasKohlenstoffdioxid Gaseous carbon dioxide is formed when
charcoal reacts with oxygen.

carbon der Kohlenstoff Carbon is a chemical element (elemsgtmbol:
C) and charcoal is made of it

closed system das geschlossene Atest-tube sealed with a stopper is a closed

System system. No substance can leave thst-tube.

combustion die Verbrennung Combustions are exothermic chemical reactio
between a fuel and oxygen.

exothermic die exotherme Energy is released as heat during exothermic

reaction Reaktion reactions. The opposite of an exothermic
reaction is an endothermic reaction

iron oxide dasEisenoxid Solid iron oxide is formed when iron reaetgh
oxygen.

law of dasGesetz der The law of conservation of mass means that tl

consenation of Erhaltung der Masse total mass of reactants and products does not

mass change in a chemical reaction.

open system dasoffene System Atest-tube that is not sealed with a stopper is

an open system because substances can enter
and leave thdest-tube.
oxide dasOxid Oxides are formed during combustions.
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4.3. Water — A Hement?

LabActivity: Analysis ofWater — Hofmann Apparatus

Sketd: Materials:
e oS i’ Hofmann apparatus
apparatus: funnel, power sourcge
glowing splint 2 cables, water,
gi‘;;et?vzugglnecac'd diluted sulfuricacid,
positive pole test-tube, wooden
test-tube splint, lighter
platinum electrode
stand
cable
Procedure: 1. Add some dilutedsulfuricacid to water (thisncreases
the conductivity and fill the solution into the Hofmann
apparatus. Connect the apparatus with the pow
source. Start thelectrolysiat U =6V. Note the volumes
of the gases in the glass tubes gveninute.

2. After 10 minutes open thetopcocksand test the gases
with a glowing splint at theositive poleand with the
detonating gas test at theegative pole

Observation: Time [min] 1 2 3 4 5
Volume of | Positive
gas [ni] pole
formed at | Negative
the ... pole

colour ofthe gases:
glowing splint:

detonating gas test:

Hints for your conclusion:

1. Name the gases that are produced and explain the tests.
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4.3. Water — A Hement?

2. If weapply a voltagethe analysisof water into the elements takes plac
Write a word equation.

3. Decide if the analysis is exothermic or endothermic and give reasons for
your decision.

4. Find theratio in which the gases are produced from water and relate thjs
to the chemical formula #0. Explain what the number in the formu
might mean
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4.3. Water — A Hement?

We would not be here without watesincelife on earthactually originates
from it. For us, it is one of the most important substances on earth.

colourless and transparent liquid is eyaresent.Greek philosophermade a
list of the four elements: water, air, earth, and fire. Do scientisiday

consider water an elemeft Fig. 1: magnesium
burns in water vapour
Flames under water a paradox?!

Water is used to put out fire. However, you should never tryextinguish
burning metals such as magnesium with water! It is both surprising
fascinating that magnesium continues burning in water. Accordingly, it also
burns in water vapour (Fig 1). We know that fires need oxygen to t
However,if magnesium is surroundedybiquid or gaseous water, there is no
direct contact between elemental oxygen and magnesium. Where (
magnesium get oxygen from?

There are metals like magnesium which can react with either eleme
oxygen or compounds that contasfemically bondedxygen. Due to the fact

that magnesium continues burning in water, we caoncludethat water
contains chemically bonded oxygen. Can we support this with anc
experiment?

Water analysis

One way to find out whether water is a compound isua electricity through

it. If youelectrolysewater in aHofmann apparatugFig. 2), you will observe
that different volumes of colourless gases are collected in the glass cylinder's
after a while. At the negatively charged electrode
there is twice as much gas than at the othe.
electrode. We can deduce that these are two
different gases

Using simple tests, we can identify the gases and

prove that they are differenfrom each other A

glowing splint lights up (or glows more brightly)

when brought intocontact with the gas from the

positive electrode. The scalled glowing splint

test is the test foroxygen o __ Meaatve
The gas collected at the negatively charged

electrode burns with a faint ‘pop- or a squeaky

pop sound.

glowingsplint
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4.3. Water — A Hement?

This secalled detonating gas testis the test for hydrogen As no further
substances have formed, we have proved that water can be split u
electrolysis into hydrogen and oxygen

water (1) hydrogen (g) + oxygen (g) | endothermic

As the gases are formed irvalume ratioof 2:1, we can assume that this ratio
has something to do with the chemical formula of watesOHIn one water
molecule there are two hydrogen atoms and one oxygen atohemically
bonded to each other. Thus, water is a compound and not an element.

Yourtasks:

1. Two litres of hydrogen gas and two litres of oxygen gas react with one
another. There is one litre of a colourless gas left. Explain which substanc
it is.

2. Evaluatef the followingstatementis correct “Water consists of hydrogen
and oxygen.'Use propeiscientific termgor your judgement.
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4.3. Water — A Hement?

Seltmade water

As shown above, water can be split up into oxygen and hydrdgen
electrolysis Converselywater can be synthesized from these two elements:
Simply burn the flammable gasydrogen in air and collect the product in a
cold beaker. The combustion product will then condense into a cassirl
transparent liquid. Thisiquid turns Watesmo paper blue. Alternatively, you
can usevhite coppersulfate, which also turnblue (Fig2). Thigest for water
proves that water has formed from the combustion of hydrogen. Hydrogen
and oxygen from the air form water in this exothecmeaction

hydrogen (g) + oxygerg)X water (1) | exothermic

Thesynthesis(formation) of water is the reverse reaction of watanalysis
(decomposition
HYDROGEN

WATER ANALYSIS SYNTHESIS WATER

OXYGEN

Fig. 1: Water can be chemicalplisinto the elements oxygen and hydrogen (analysis).
The elementsoxygen and hydrogemeact to form water (synthesis).

Due to the fact that water is a compound of chemicaibynded oxygen and
hydrogen, an alternative name would bgdrogen oxideHowever, scientists
have agreed on using the term water instead

Detonating gas test a synthesis?

When you carry out a detonating gas test and

have a close look at the inside otest-tube

that you haveused for the test, you will see

tiny drops of a colourless and transparent

liquid. They have formed during the tes g 5. white coppesulfateas a
These are drops of water, whicloy would detecting agent for water.

again test with Watesmo papeor white

copper sulfate

You can even feel the energy released during water synthesis: Toutdsthe
tube and it is slightly warm. A particularly vigorous reaction takes place if tie
ratio of the gaseous reactants is two to one. Accordingly, the reaction betwéen
hydrogen and oxygen can be used to provide energy, efgeircellcars

84



4.3. Water — A Hement?

Your tasks:

1. Setchthe analysis and synthesis of water on the patrticle level.

Help:
hydrogenmolecule oxygenmolecule water molecule

2. Water is an oxide. Explain this statement

3. Instead of ‘detonating gas test’ you can also find the term ‘oxyhydrogen
test’. List advantages and disadvantages of this term in comparison to the
first one.

4. Copy Fig. &nd add the names for the detecting methods agents

5. Write down what you understand by the terms analysis and synthes!s.
Then look up the meaning of the words and litsgyuistic originin an
etymological dictionarand check your first ideas
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Profile The gas wdrogen has the lowes

density of allsubstances. In the past,

Qualities colourless, odourless gas people used this gas to fill balloons and
Density at 20 °C Q000084g/cm? airships because of its hugdifting
Melting temperature:  259.3 °C capacityin air. However, hydrogen i

Bolling temperature  252.6 °C highly flammable That is why today we

use the inflammable yet more
Flammable and easily expensive helium as a filling gas.
ignitable, does not maintain Hydrogen is the most common element
the burning process, forms an in space, but on earth it occurs on
explosive mixture with oxygen . . .
chemically bonded — mainly in the

or air: detonating gas
. compound water
Occurrencein space as element, on

earth only in compounds .
Production in labs from zinc and Detonating gas

hydrochloric acid, in industrial With the oxygen in the air, hydrogen
dimensionsf_rom_natural gas and watel| forms a detonating gas mixture It
g:jgécr'em'ca' industry, fuel, energy | ;onites explosively as the reactitakes
Test:detonating gas test (oxyhydrogen place everywhere inside the ga
test) mixture at the same time. Becaea of

the great amount of heatthe gases
expand rapidly and the mixture
explodes. Pure hydrogeon the other
hand ignites only with a faint “plop”.
We must handle hydrogen vel
carefully. Before we ignite th
hydrogen, we have to carry out th
detonating gas test to be sure that there is no explosive mixture. When the

detonating gas test is negative, we can ignite the gas.

A “magic”candle?

If you hold a burning candle to a balloon or a hydrogen
glass cylinder filled with pure hydrogen, the
hydrogen willignite. The flame of burning
hydrogen is almost colourless and therefore
difficult to see. In the experiment displayed i
Fig. 1, the flame of the candle extinguishes
inside the cylinder: hydrogen does not
maintainthe burning process. When the candle
is taken out of the cylindeand thus exposetb

the air again, it is lit by the burning hydrogen
the rim of the cylinder We can tell from the
foggy cylinder that the reaction produces water

Fig.1: ,magic’ candle
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Hydrogen- an energy source

Hydrogen is an energy source and can be used as fuel. For examplegrinere
cars with engines in which a hydrogerygen mixture ignites. Electric caesc
drive by using electricity from a hydrogenygenfuel cell The egines of
some rockets also udgydrogen and oxygenNe have to keep in minthat
before we can actually use hydrogéar technical applicationswe first have

to produce it, which consumes energy.

That is in contrast to energy sources we can find in nature suchuds olil
The raw material for hydrogen &ill mostlynatural gas a fossil fuel A better
way would be the use of solar energy for the production of hydrogen by
electrolysiof the easily available raw materjalater.

Your tasks:

1. The most common element in the universe is hydrogen. Explain why there is ec
hydrogen on earth.

2. Name the exhaust gas from hyayenpowered cars and write down the word equation for
the chemical reaction.

3. We can produce hydrogen amrcling to the chemical reactioshown bythe following word
equatior
hydrochloric acid (aq) + zinc (s) hydrogen (g) + zinc chloride (aq)

Describe what you can do to find out if your gaseous product is pure hydrogen.

4. Hydrogen petrol stations offer gaseous and liquid hydrogen. Explain whichpmears to be
more favourable to you.
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Your tak:
First, connect the terms with arrows. Secondly, write appropriate relatmnthe arrows.
You may want to read the info texts again.
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English
analysis(plural:
analyss)
agueous
bonded oxygen

compound

detonating gas test die Knallgasprobe

electrolysis(plural:

electrolyse3
element

elemental oxygen

glowing splint test

Hofmann
apparatus

hydrogen
oxygen
synthesis(plural:
synthess)

tap water

water
Watesmo paper

white copper
sulfate

German Example

die Analyse The process of splitting upcampound into its
elements is callednalysis

Wassrig Salt water is an aqueous solution of salt.

der chemisch gebun Metal oxides like magnesium oxide contain
dene Sauerstoff chemically bonded oxygen.

die chemische Ver  Elements react with one another to form
bindung compounds.

The element hydrogen can be identified by th
detonating gas test.

die Elektrolyse You can split up water by meansedéctrolysis.
dasElement Elements consist of only one sort of atoms.
der elementare Magnesium and elemental oxygen react to fol
Sauerstoff magnesium oxide.

die Glimmspanprobe The element oxygen can haentified by the
glowing splint test

der Hofmannsche The Hofmann apparatus can be used for the

Zersetzungsapparat electrolysis of water. The gaseous products can

be collected inside the apparatus.

Hydrogen ishe element with the lowest

density.

You need oxygen to breathe. It is an element.

In a chemical reaction called synthesis,

elements react with one another and form

compounds

It is safe to drink tap water in Germany as it is

controlled regularly.

Water isaliquid at room temperature.

A Watesmo paper strip turns blue in the

presence of water.

White coppersulfateturns blue in the presence

of water.

der Wasserstoff

der Sauerstoff

die Synthese

das Leitungswasser

das Wasser
dasWatesmaoPapier

dasweil3e
Kupfersulfat
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5. Metals andMetal Production

LabActivity: BurningDifferent Metal Powders

Sketch: Materials:
stand, clamp, clamp holdgneat
resistant mat, burner, spatula
iron powder, magnesiun
powder, copper powder (note
the powdersshouldhave similar
grain sizep

Procedure: Set up the experiment according to the sketétdjustthe
burner so you have a roaring flame. Using the spat
sprinklesmall portions of the following metal powdeosito
the flame: a) iron powder, b) magnesium powder, anc
copper powder.

Observation:

Hints for your conclusion:

1. Compare the observatiorf each metal powder

2. Incombustionsmetals react with oxygen from the air. Write down word
equations for the three combustions. The products are catiea oxide
magnesium oxidand copper oxide

3. Sortthe different metal powders according to thegaction intensity.
Give reasons for your choice.

4. Write down a hypothesis why similar grain sizes of the metal powders are
used and suggest experiment(s) that help prove it.
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Lab activity:Analysis ofSlver Oxide

Sketch: Materials:
gpatula, 2 test-tubes, glass woaql
plug withbent glass tub, container
filed with water, stand, clamp
clamp holder burner, lighter,
wooden splintsilver oxide

Procedure: Put three spatula tips of silver oxide intdest-tube. Set up
the experiment according to the sketch.
Heat thetest-tube vigorouslywith a gas burner. Let the first
gas bubbles from the apparatus escape through the water.
Then collect the produced gas a test-tube. Test the
collected gas with glowing splint
After no more gas is produced and the solid rest intdst-
tube has cooled downscrapethe solid restout of the test-
tube on a paper towel and press it firmly with a spatula.
Observation:  During the reaction:

Glowing splint:

Solid rest after pressing

Hints for your conclusion:

1. Comparethe coloursof the reactant and the products.

2. Analyse the result of the glowing splint test and explain where the gas
has come from.

3. Based on your observations, explain which two products must have
formed.

4. Ananalysisgives us information about the components which make up/a
chemical compound. This experiment is entitled “Analysis of silver
oxide”. Explain this title and write down a word equation that represents
the reaction.

5. Asynthesids the opposite of an analysis. Explain what happens during
the synthesis of silver oxide.
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In nature, gold and silver can be found as elersefitther metals usuall
occur in compounds How canpure netals beobtained from naturally
occurring compounds?

Not all metal powders burn violently: the reactivity series of metals

If you burn different metal powders in the burner flame, they Wiglht up
with different intensitiesAll of them, however, react with oxygen from the
air to formmetal oxides The more violently a metal reacts with oxygen, th¢
higher its reactity andits ability to form oxides. The ability to be oxidised
decreasedrom magnesium tcsilveras shown in the followingeactivity
series

noble

magnesium zinc iron copper silver

base

Fig. 1The reactivity series

Metals like magnesium or zinc, which easily farides are calledbase
metals. In contrast, there araoble metaldike silver and gold, whose ability
to form oxides is relatively low.

Base metals react violently with oxygen and hagghreactivity, whereas
noble metals react less violentlgr not at alt with oxygen and hava low
reactivity.

Silver from silver oxide

The combustion of metals results inthe formation of metal oxides
Converselyif you heat up oxides of noble metals, they will split up into the
elements, metal and oxygen, quite easily.
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As the word equatiorand the particle model show, silver can be obtair
from its metal oxide called silver oxide:

silver oxide (s)—» oxygeh (g silver (s) ¢ndothermic

The particle model above shows that silver atoms are separated
oxygen atoms. Elemental oxygen and silver are produced. The reactant
silver oxide iseduced Areductioncan be considered the back reaction of
an oxidation Oxidationand reductionare revergble processes

In chemical reactions where metals are obtained from their oxit
reductions take place. Metal oxides are reduced

Yourtasks:

1. “Let’s take gold to have a golden sparkling
firework.” Discuss this suggestion.

2. lron and zinc are hardly ever used for jewelry.
Explain this.

3. In Fig.2 you can see a gqithted statue. Give
reasons why one chooses the element gold
for this.

Fig. 2: A golglated
statue in Berlin
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LabActivity: Copper andts Compounds |

Materials: black copper axle, iron powdertest-tube, burner

Procedure: EJ)
Heat 2 g of black copper oxide strongly for about 2.min

EJ

1. Mix 2 g of black copper oxide andylof iron powder and
fill the mixture into aest-tube.

2. Heat the mixture strongly until it begins to glow. Take
the test-tube out of the flame.

3. Let thetest-tube cool down and examine its contel
closely. You might have thatter the testtube to get
the content out

Observation:  Describe your observations directly after you have
removed thetest-tube from the flame:

Hints for yourconclusion:

1. Comparethe mixture inE2before and after heating.

2. uggest a name or several nanfes the products)in E2 Give reasons
based on the appearance of the identified product(s).

3. CompareElandE2 Make a suggestion concerning the role of iroh
Support the suggestion witbuitable evidenc&om your observations.

4. Suggest a word equatidor E2that also considers thenergetic
turnover. Draw a particle model for this experiment, too.
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LabActivity: Copper andts Compounds |

Materials:

Procedure:

Observation:

black copper oxide, activated carbon

lime water(aqueous solution of calcium hydroxide),

4 test-tubes, stopper with one holepent glass tibe,
burner

ED
1

Mix 2g of black copper oxide and @=f charcoal and
fill the mixture into aest-tube.

Heat the mixture strongly for about 2 min.

Let thetest-tube cool down and examine its content
closely

Again, mix 2y of black copper oxide and @5of
charcoal and fill the mixture intotast-tube.

Fasterthe stopperto the bent glass tube.

Fill asecondtest-tube half-full with lime water.

Heat the mixture strongly for about 2 min. Lead the
generatedgas into the lime water

colour of copper oxide and charcoal before mixing

while heating the mixture

appearance ofhe solid product after it has cooled down
(ElandE2:

Hints for your conclusion:

1. Suggest a name for th@oduct.

2. Explain the function of the lime water E2

3. Suggest a word equation and draw a particle modeEbr

4. Explain where an oxidation and where a reduction takes place. Add thisation to
the word equation and the drawing
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In nature, elemental copper is hardly ever found. However, there are |
amounts ofcopper oreswhich are chemicatompoundsof copper and
oxygenor copper andsulfur. The reason for this is simple: copper reacis
easily with otherreactantssuch as oxygen to form copper oxide or with
sulfurto form coppersulfide In order to producgurecopper from copper
oxide, chemically bonded oxygen has to be removed from the compound.
This process is callegduction. A reduction is possiblegfor example by
heating up a mixture of copper oxide amwn. The reactants form the
products copper and @n oxide as presented in the word equation and in
the particle model below

reduction

I
copper oxide (s) + iron(s—» copper(s) + iron oxide (S)| exothermic

| )

oxidation

Oxidation and reductioralwaystake place simultaneouslyihe reaction is callecedox reaction.

In theredox reactionof copper oxide and iron, iron is thheducingagent
since it reduces the copper oxide to elemental copper. We can say thatii
makes the reduction possible. Copper oxide, on the other hand, functions
as theoxidising agent It makes an oxidation possible: It oxidises the iran
to iron oxide.

In the example above, a metdlron in this case)s the reducing agent.
However, noAametals such asarboncan be used too, as presented in this
word equation

reduction

I
copper oxidgs) +carbon(s) — copper (s) €arbondioxide ) | exothermic
I

oxidation
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There areadvantagesf the redox reaction of copper oxide is carried ¢
with carbon or evemydrogeninstead of ironln the case of carbon, gaseous
carbon dioxide is formed and there are no further solid productss is
different from the reaction using iron as reducing agent where we get solid
iron oxide mixed with solid copper. Therefordahoriousseparationof the
products is not necessarlyloreover, carbon is a cheap alternative to iron:

In cags wherehydrogen is used as a reducing agent, water vapot
formed as gaseous oxidation produbtot only copper, butother metals
such as pure irgrcan be producedyreducing their oxides. Carbon is often
used as the reducing agent in these cases.

Transfer of oxygen takes place in redox reactions

The described redox reactions aoxygen transfer reactionsbecause
chemically bonded oxygen is transferred from one reactant to another. or
example, oxygen is transferred from copper oxide to iron forming iron
oxide. In general, one reactant donates oxygen, while the other one accepts
it. Redox reactions followhe donor-acceptorprinciple.

Choose a partner for oxygen transfer

Several reducing agents can be used to accept oxygen, butoarilye
condition thatthey areless nobleghan the metal in the metal oxide. For
example, both metalgron and zinc (as wedls the noametal carbon)are

less noble than copper, which is why all of them can be used as reducing
agents in this case. The greater the difference in nobility, the mgaous

the exothermic reaction

Yourtasks:

1. Write down the word equation and the particle model for the reaction betwepcopper oxide
and zinc, and b) copper oxide and carbon. Make thaiethe law of the conservation of mass
applies.

2. ldentify and label oxidising agents and reducing agents of #ie reactions so far.

3. Have a look at the reactivity series of metals and say which metals can be usedigaged
agents for the reductioof iron oxide.

4. “Zinc oxide reacts with aluminium to form zinc and aluminium oxide. Magnesiiohe does
not react with aluminium.” Use these statements to find the correct placealuminium in the
reactivity series of metals.

5. Carbon and hydrogen can be used as reducing agents for producing coppeat&iadir use
concerning criteria such as availability, cost, and safety.
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Concept Maps represemhental mapsof a certain topic. They consist of innere Landkarten
centralterm and a number ofelated terms In contrast to mind maps, in

Cocept Maps these terms are connected to each other with arow

which carries a written explanation of theelationship between those

terms.

This is how you create your ow@oncept Map:

1. Write the central term in the middle of a big piec
of paper.
2. Collect important terms that are related to the
central term. Write each term on a separatkp of
paper.

Stuck Papier

3. Arrange the related terms um etw. anordnen
around the central term. Place

those terms closely togethe

which belong together. You me

have to rearrange some of the

terms.

4. Think about how the central tern
relates to each of the other terms
Write a shortrelationon a small piece in Beziehungtehen
of paper. Use one piece of paper for zu..., Verbindung
each relation. If you ‘read’ your terms
and the relation, you should get some
kind of sentenceBut do not write
complete sentences.
5. Decide about th&ind of arrow Pfeilart
that you need to depict the angemessen dar

relation properly m, oro, or | . stellen
Draw it on the paper slip with the
relation.

6. Arrange the final version of your
Goncept Map and draw it on the
piece of paper withthe central
term on it. The arrows should not
cross each other.

7. Check you@onceptMap.
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Create your ownConceptMap on the topic ‘redox reactions’ (individual & pair work).

Thecentral termis ‘redox reactions’. Write it in theenter of a sheet of
paper.

Step 1 (individual work!):

Read your notes about redox reactions or read the nmiational texts
provided by your teacher. Find tieeght most importantrelated termsand
write down reasons for your choice. You may use key words.

Step 2 (pair work from now on):
Present your terms to a partner and explain why you have chosen these
terms. After that, your partner presents his/her terms to you.

Step 3:
Discuss with your partner which of the presented terms you should place

on acommonQGonceptMap with only sixrelated terms. Write each of these
terms on a different slip of paper and arrange them in a logical way around
the central term.

Steps 4 and 5:
Formulate therelations between each of the six related terms and the

central term. Write each of them on a slip of papbecide on thekind of
arrow between your terms and add it accordingly.

Step 6:
Check youtonceptMap. Finally, stick the paper slips onto {baper.

Step 7:
Present youiGonceptMap to your classmates.
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English German
base metal dasunedle Metall
combustion die Verbrennung

donor-acceptor dasDonatorAkzeptor
principle Prinzip

endothermic endotherm
exothermic exothem

to extract Metalle aus Erzen
metals from gewinnen

ores

to form an oxide ein Oxid bilden
redox reaction  die Redoxreaktion
to reduce reduzieren
reducing agent dasReduktionsmittel

reduction die Reduktion

oxidation die Oxidation

Example

Base metals like magnesiumaluminium are
very reactive. Thegrive less reactive metals out
of their ores. Base metals are the opposite of
noble metals.

Combustios are rapid exothermic reactios,

e.g, the burningof a fuel. Usually heat and/or
light are set free and new substances are
produced.

The donoracceptorprinciple is the principle of
giving and taking. In the production of copper
from its ore, one reactant gives oxygen and the
other one accepts it. This is an example of an
oxygen transfer reaction. The principle of giving
and accepting applies to many other chemical
situations.

A reaction is endothermic if heat is needed to
keep the reaction going. Mostly reductions are
endothermic.

A reaction is exothermi€ heat is given off.
Oxidations are exothermic.

In nature, iron occurs chemically bonded in or
In order to get pure iron yobave to extract it
from its ore

If copper is heated in aicopperoxide is
formed.

In a redox reactioyoxidation and reduction
take place at the same time.

Copper oxide is reduced. The copper oxide lo:
its oxygen.

A reducing agent helps the reduction to take
place. It is oxidised

Reduction ighe loss of oxygen. lareduction,
chemicallyponded oxygen is removed from a
compound

Oxidation ighe gainof oxygen. Iran oxidation,
an oxideis produced.
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oxidising agent

to oxidise
oxygen

oxygen transfer
oxygen transfer
reactions

metal

metal oxide

noble metal

non-metal

ore

reactivity

reactivity series

dasOxidationsmittel

oxidieren
der Sauerstoff

die Sauerstoff
Ubertragung

die Sauerstoff
Ubertragungsreaktion

dasMetall

dasMetalloxid

dasedle Metall

dasNichtmetall

dasErz

die Reaktionsfahigkeit

die Redoxreihe

An oxidising agent helps the oxidation to take
place. It is reduced

Carbon is oxidesd in a combustion

Oxygen is in the air around us. It is also involv
in manyredox reactions

Inthe reaction of copper oxide with irgrone
reactant gives oxygen to the other reactant. This
process i€alled oxygen transfer

A chemicateactionin which oxygen is
transferred from one reactant to the other is
called oxygen transfer reaction

Metals are elements. They condwaectricity

and heat. Metals can be obtained from their
oxides via reduction reactionExamples:
copper, iron, silver.

Metal oxides are formed in the reaction of a
metal with oxygen. Basmetals have to be
extracted from their metal oxides.

Noble metals like silver or gold have little
reducing power They do not drive base metals
out of their ores. Noble metals are the opposite
of base metals

Nonmetals do not usually conduct electricity.
Some examples are oxygesulfurand chlorine
Many ores contain metal oxides or metal
sulfides.

Base metals oxidissasily. Their reactivity is
high.

The reactivity series is like a ‘league table’ for
metals. The most reactive metals (like the base
metal potassium) are at the top of the table, the
least reactive metals (like the noble metal
platinum) are at the bottomThe metals are put
in order by lo&ing at their reactivity.
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6. Didaktische Hinweise und Losungen fur Lehrkrafte

EinfUhrende Hinweise zur Arbeit mit Concept Maps, Glossaries und z
Maoglichkeiten des Sprachwechsels

Concept Maps eigenen sich hervorragend, um einen Uberblick iiber gindehandelten
Themenbereich zu erhalten. Sie kénnen z.B. als Wiederholung, Ubung oder eltemezi
Wortschatzarbeit im Unterricht eingesetzt werden.

In dieser Handreichung sind verschiedene Vorschlage fir ArbeitsblatteConcept Maps
enthalten, in deen die Schiler:innen gezielt mit den Materialien arbeiten kdnnen.

Diese Arbeitsblatter sind zu Beginn der Handreichung als geschlosstreeKapitel 2.1) und

in spateren Kapiteln mit zunehmend offeneren Aufgabenstellungen konzipierapiteK2.3
finden sie eine Concept Map zum Themenbereich Separation techniques, bealialer
Schiler:innen funf vorgegebene Begriffe einflgen miussen. Im Kapitel 4.1 trenma TAir
sollen die Schiler:innen z.B. die Concept Maps selbststandig um Retagoganzen. Fir
Kaptel 5 zum Thema Redox reactions besteht die Aufgabe fur die Schuler:innen dann dar
mit Hilfe eines Sk#Arbeitsblatts: Creating Concept Maps selbst eine Concept Map zu
erstellen. Diese kdnnen sie in Papierform oder digital ausarbeiten lasserMBglchkeit flr

die digitale Umsetzung bietet z.B. das FreewRregramm cmap tools.

Ihrer Kreativitat sind keine Grenzen gesetzt! Wir wiinschen Ihnen vietl&dgeim Arbeiten

mit unseren Concept Maps.

Die zweispaltige Vokabelliste ist Innen siches Ihrem eigenen Fremdsprachenunterricht
bekannt. Wir haben die bekannte Wortliste um eine Spalte erweitert. So wirchelas Wort
nicht losgelost vermittelt, sondern direkt in einen Kontext eingebettet. DiesenFder
Glossaries finden Sie am Ende jettesmatischen Kapitels. Wir haben uns bemuiht zentrale
Begriffe zu inkludieren, die Sie selbstverstandlich gerne erweitern und naciedeiligen
Bedurfnissen lhrer Lerngruppen adaptieren konnen.

Glossaries bieten eine Vielzahl von Einsatzmoglichkeiténam Unterricht. Sie kbnnen Ihren
Schileriinnen z.B. das Glossar als Nachschlagewerk zur Verfluglieg sted als
Wortschatzbasis einsetzen. Die Glossare konnen natirlich auch vorcldéier3nnen selbst
erarbeitet werden. Geben Sie Ihren Schiler:innen die Grundstruktur des Glossaund
lassen Sie die Schiler:innen weitere Inhalte selbst ergdnzen und dge&eelsatze finden.
Vielleicht stellen Sie den Schiler:innen ein Glossar mit Licken ztirlg\ieg, die die
Schiler:innen dann fullen mussedar Sie lassen aus dem Glossar eine Concept Map oder ein
Cluster erstellen? lhrer Fantasie sind keine Grenzen gesetzt!

Eine weitere Méglichkeit ware, den in den Glossaren enthaltenen Wwaatscspielerisch in
Ihren Unterricht zu integrieren. Verwenden 8ie Begriffe und entwerfen Sie z.B. ein Taboo
oder MemorySpiel.
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Bei weiteren spielerischen Ubungen wie ,Montagsmateter ,Pantomimé werden einzelne
Begriffe gezeichnet bzw. pantomimisch dargestellt, die dann von derekizaseinschaft
erraten werden mussen. Das sorgt fur SpalR und eine hohe Aktivierung Iinngruppe.
Probieren Sie es aus!

Die Ausbildung einer doppelten Sachfachliteralitat ist Ziel und Grundlage degédmeu
bilingualen Unterrichts. ldealerweise sollen beider Sprachen, also Mutterspracial
Fremdsprache, als gleichberechtigte Partner agieren. Um dies zu erleichietan sich
gezielte Sprachwechsel an, die eine fachliche Konzeptvermittlung in beidech&pra
ermdglichen. Unsere Impulse, wie Sie diese Sprachwechsel in Ihren bilingurézncbt
integrieren konnen, finden Sie in den Lehrerhandreichungen. Alle Ausfuhrpdge mit
folgendem Symbol versehen sind, zeigen lhnen Méglichkeiten fir Sprachwechsel auf.
Bisher sind noch wenige Methoden zum Sprachwechsel erprobt. Es gibt jedoch einige
hilfreiche Vorschlage z.B. aus dem Artikel von Heimes [1] aus dem J&hrE2(@schreibt
u.a. die Methode der Bilingual Poster Production. Bei dieser Methode wedideErgebnisse
der Erarbeitungsphase von den Schuler:iinnen auf einem Poster festgehdiaipei
verwenden sie die Unterrichtssprache Englisch (L2). Anschlie3endhasildie Schiler:innen
einen Sprachwechsel, indem sie ihr Poster in der Muttersprache Deutsch @isénperen.
Dabei stellt der Sprachwechsel keine blofie Wiederholung dar, sonderrerfocte
Schuler:innen heraus, neu erworbenes Wissen in der Muttersprachig zu verbalisieren.
Bei einer anderen Methode des classroom translanguaging nach Williams duechtiaf
Lernenden aufeinander folgende Inpuind OutputPhasen, die abwechselnd die L1 und die
L2 bertcksichtigen. So werden Unterrichtssprache und Schulsprache funkiiogebunden.

In [2] hat Bohrmansinde das oben genannte Prinzip implizit aufgegriffen und flr
experimentelle Erarbeitungsphasen mit einem Wechsel der Darstellumgsfokombiniert.
Dadurch erfolgt eine intensive Auseinandersetzungdar Ublicherweise sowohl sprachlich
als auch inhaltlich dichten Versuchsvorschrift. Einige Beispiele hienfdenfi Sie in den
Kapiteln 3.1 und 3.2 in dieser Handreichung.

Anregungen zur praktischen Umsetzung von Sprachwechseln mit diese@hrgen
Methoden finden Sie aulRerdem auf unserer Homepageps://chemiedidaktik.umn

wuppertal.de/und in [3], [4].
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[1] A. Heimes. ,Bilingual®ethoden fir den mehrsprachigen Sachfachunterricht.” Praxis
Fremdsprachenunterricht, 2010, 7-1D.

[2] C. Bohrmamniinde. ,Wechsel der Darstellungsformen und funktionale Sprachwechsel im
bilingualen Chemieunterricht.” In B. Diehr, G. Preisfeld und L. &tdm(Hrsg.). Bilingualen
Unterricht weiterentwickeln und erforscheB. 165181. Frankfurt am Main: Peter Lang, 2016.
[3] E. Kiesling, R. Brunnert, und C. Bohrmhaimde. ,Bioethanol im bilingualen
Chemieunterricht mithilfe der Methode Bilingual Posteodiction.” Aachen: GDGERGCU
Tagung/WIFO, September 2019.

[4] R. Brunnert, E. Kiesling, und C. Bohrmamde. ,Bioethanol im bilingualen
Chemieunterricht per classroom translanguaging.” Aachen: G&BZLTagung/WIFO,
September 2019.
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Chapter 1: Gettin@arted: In the Laboratory (S. 113)

Auf dem ersten Arbeitsblatt finden dieSchiler:innen eine Ubersicht zt
Sicherheitsregeln im Chemieunterricht. Diese behdmdsowohl den Umgang mit
Chemikalien, als auch das Verhalten beim Experimentieren. Die konkretem Riegke!
fett markiert. Ggf. kann man die Regeln im Unterricht noch einmal von
Saler:innennotieren lassen, um lokale Schalder Klassenregeln bzw. raumliche
Bestimmungen zu erganzen.

(Beispielantworten, andere Schilerantworten sind mdglich

No | Students’ mistakes Improvements

1 | The girl in the pink-shirt is not wearing Rule 7
safetygoogles.

2 | The boy is eatingomething. Rule 4

3 | There is a bag on the table. Rule 10

4 There are water bottles, a sandwich and | Rule 10, Rule 4
apple on the table.

5 | The girl with thedark hair is touching Rule3
chemicalswith her bare hands

6 Both girls argointing the opening of thie | Rule 8
test-tubesat a classmate.

7 | The girl with thedark hair is not using a tes| Rule 5
tube holder to heat up her substances with
the gas burner.

8 | The girl with thedark hairdoesnot hawe her | Rule 6
hair in aponytail.

9 A green chemical is leaking over a book| Rule 6, Rule 9, rule 2
the table.

10 | A bottle with a bxic substance has no lid. | Rule 5, Rule 10

Das Arbeitsblatt bietet fitschuler:innemie Mdglichkeitdie Laborregeln zu verstehen
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Die einzelnen Zettel werden von deoh@ler:innenausgeschnitten und anschlief3en
als Beschriftung fiir ausliegende Laborgerate benutzt.

Hier erfolgt eine Zuordnung von englischen und deutschenldeagtifen in eine
Tabelle.

Die Losungen sind von links nach rechts angegeben:

test-tube (Reagenzglas), beaker (Becherglas), Erlenmeyer flask (Erlenmeyerkolben),
measuring cylinder (Messzylinge

testtube holder (Reagenzglasklammer), tongs (Zange), gas burndr¢Gasr),

wash bottle (Spritzflasche)

funnel (Trichter), watch glass (Uhrgld@gtri dish (Petrischale), stopper (Stopfen)
clamp holder (Muffe), clamp (Stativklammer), stand (Stati@s)-tube stand
(Reagenzglasgestell)

thermometer (Thermometer), spatula (Spatel), glass rod (GlasstakjteiPipette)

;  Nutzen Sie die erarbeiteten Begriffe zum Sprachwechsel und 8l das neue
Vokabular mit Ihren Schilennen ein. Spielen Sie z.B. mit der gesamten Klasse ein
“Menschenmemory”. Die deutschen und englischen Begriffe deer unter den
Lernenderaufgeteilt. Nacheinander steht esPersorauf und sprichthrendeutschen
Begriff laut aus. Eeandere Persomuss eberdlls aufstehen und dann den passenden
englischen Fachbegriff laut eapsechen. Das Plenum entscheidet, ob die zwei Begriff
zusammenpassen. Die Begriffspaare konnen dann bei Bedarf inCeimegptMap, in
einem Glossar oder in einer eigenen Vokabeldat 8chileinnen festgehalten
werden.

Der Lehrkraft stehen drei Arbeitstitvarianten zur Benennung von Laborgeraten u
Zuordnung ihrer Funktionen zur Auswabhl. Dabei wird aufsteigen AC immer
mehr sprachliche Eigenleistung von dehi8er:inneneingefordert.

1) Loésungstabellsiehe AB Time to practice: Chemistry Appara@is (

2) measuring cylinder, (stop clock, beaker)

3) test-tube, measuring cylinder, thermometer, beaker, funnel

4) IndividuelleAntwort z.B.: Bunsen burner, beaker, heatproof mat, tripod

Der Lehrkraft stehen drei Arbeitstitvarianten zur Benennung von Laborgeraten u
Zuordnung ihrer Funktionen zur Auswabhl. Dabei wird aufstelgen AC immer
mehr sprachliche Eigenleistung von dehi8er:inneneingefordert.

Lésungstabelle siehe AB Time tagtice: Chemistry Apparatu€)

106



6. Didaktische Hinweise und Losungen fur Lehrkrafte

Der Lehrkraft stehen drei Arbeitsittvarianten zur Benennung von Laborgeraten u
Zuordnung ihrer Funktionen zur Auswabhl.

Name of apparatus Main function

1. test-tube rack to put intest-tubes

2. test-tube to let some substancagact with
each other

3. measuring cylinder to measure the exact volume of a
liquid

4. gasburner to heat up substances, to start
reactions

5. thermometer to measure the temperature

6. stop clock to measure the time in seconds

7. beaker to fill inwith liquids

8. tripod rack for heating up substances wit
the Bunsen burnein, e.g, a beaker

9. heatproof mat to put on the tripod

10. filter funnel and paper to separate a solid from a liquid

11. pipette to measure amall amounbf a
liquid

TandemAKktivitat: Die Shiler:innen(A & B) erganzen sich das Kreuzwortratsel in
Partnerarbeit gegenseitig. Dabei benennen sie die Laborgerate.

Losungswort: It's all in the LABORATOR(Y)
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TandemAKktivitat: DieSchuler:inner{A & B) ergénzen sich das Kreuzwortratsel in
Partnerarbeit gegenseitig. Dabei benennen sie die Laborgerate.

Losungswort: It's all in the LABORATOR(Y)

Diebeiden Seiterkbénnen einzeln oder als Einheit eingesetzt werden, um die
Schuler:innemnit der Protokollierung ihrer Arbeitsergebnisse im Chemieunterricht
vertraut zu machen.

Die erste Seitenthalt eine Erlauterung zum strukturellen Aufbau einesdékalls.

1. Separating a sand, water, ink mixture: possible separagohniques
(decantation filtration, distillation or filtration with active carbon)

2. Exampledb report
Die Inhalte des Beispielprotokolls sind von der Vorgehensweise wahrend der
Versuchsdurchfiihrung abhangldier ein Beispiel:

Title: Separating &and-Water-Ink-Mixture

Intention of the experimentA mixture of sand, water and ink should be
separated irthis experiment.

Materials
Chemicals
X sandwater-ink-mixture
X active carbon
Lab equipment
x filter paper
X beaker
x filter

Procedure

Leave the beaker with the mixture on the table until all solid particlaslset
on the bottom. Decant the liquids into a filter filled with filter papedaarctive
carbon.

Observation

After the decantation process, sand remains in the beaker.

The decated bluebrownish liquid is filtered through a filter paper with active
carbon. The final filtrate is a colourless liquid.
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Conclusion

The sandvater-ink-mixture can be separated by using the seperat
techniques decantation and filtration. Both techn&pi rely on certair
properties of matter. Sand is a solid substance with a higher dethsityink
water and forms a sediment on the bottom o¢he beaker. The inlwater
mixture can be separated by using filtration and adsorption pgees. Smaller

ink particles are adsorbed by active carbon and remain in the filter paper,
leaving the remaining colourless water as a filtrate and final produthef
separation process.

Die zweite Seite bietet Formulierungshilfen fur ein solches Protokoll.

1. Example sentences for a lab report: Then add two grams of sugared¢tantis
a solid, green substance. The change in colour indicates that a chemicalmeactio
has occurred.

2. ample sentences for a lab repofithen add two grams of sugar. Tieactantis a
solid, green substance. The change in colour indicates that a chemicé&bmeac
has occurred.

3. Other useful nouns, verbs, adjectiveg: (to) form a chemical bond, (to) build a
setup, (to) draw and label a sketch, particle level (Teilchenebene)

DasArbeitsbhtt kanneinzeln oder in Verbindung mit ,Infélow to structure your lab
report” eingesetzt werden, um di8chuler:innemit der Protokollierung ihrer
Arbeitsergebnisse im Chemieunterricht vertraut zu mactiesesArbeitsblatt
enthalt einexemplarischegenglisches Beispielprotokoll zur Untersuchung v
Brausepulver.

;i Nutzen Sie die Méglichkeit fur eine kontrastive Betrachtung. Stellen Sie die
Struktur eines deutschen und eines englischen Versuchskods gegentiber und
besprechen Sie die Gemeinsamkeiten und Unterschiede mit Behiiler:innen

Dieses Arbeitsblatt dient als einformationsblatt zu den Gefahrensymbolen nach
GHS.

1. Hydrogen (Wasserstoff): Dangerdmpressed gs flammable
Bhanol (Ethanot)Danger! flammable, harmful
Oxygen (Sauerstoff): Dangearkidising, compressed gas
Magnesium (Magnesiumpanger! flammable
Sodium (Natrium) Danger! flammable, corrosive
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2. Individuelle Schileinnendsung (mogliche Produkte mit Gi3$mbolen kénnten
z.B. Spilmittel, Rohrreiniger, Waschmittel, Nagellackentferner u
Reinigungsmittel sein)

; | Nutzen Sie die Moglichkeit fur eine kontrastive BetrachtlragserSie die
deutschen und englischen Fachbegrifié Hilfe einer MatchingAufgabe durch die
Schiler:innerzuordnen.Halten Sie die Ergebnissabellarischan der Tafel fest.
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Chapter 2 Matter andProperties of Matter
2.1. Properties oMatter (S. 1421)

Die huler:innenerhalten eine Versuchsvorschrift zur Erstellung einer Siedekurv
von Wasser.

1. individuelleLdsung je nach Versuchsdurchflihrung

2. At the highest temperaturavater reaches itboilingtemperature At that

temperature water changes from a liquid to gas.

individuelleLosung je nach Versuchsdurchfuihrung

individuelleL6sung je nach Versuchsdurchfiihrung

5. Kann ausgelassen werden, wenn das Teilchenmodell nochanigefiihrt
wurde; Teilchen sollen als Flissigkeit (vor) und Gas (nach) dem Experiment
dargestelltwerden.

hw

Das Arbeitsblatt beinhaltet eine Versuchsvorschrift zur
Erstellung einer Schmeland einer Erstarrungskurve
von Stearinsaure.

1-3.individuelleLosung je nacWersuchsdurchfiihrung

4. Bitte beachten Sie, dass hier umgekehrte Prozesse
betrachtet werden und man die Schilenen auf
verschiedene Aufheizind Abkuhlraten hinweisen kann.

Das Ubungsblatnthalt einen Liickentext, in dem die Aggregatzustande des Was
thematisiert werden und eine Aufgabe zur Erstellung eines Textes zur Reise eines
Wassertropfens.

1. Loésungen Luckentext: liquid, melts o. freezes, solidt bpagas bubbles, boils,
vaporisation, melting temperature, boiling temperature
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3. IndividuelleL6sung Essay)

Das Arbeitsblatt enthalt eine Versuchsvorschrift zurdgstichung debichte von
Cola und Cola lighBeachten Sie bitte, dass Sie abgestandene Colaproduktiefiir
Versuch bengtigen!

1. IndividuelleLésungen je nach Versuchsdurchfiihrung und Colaprodukt

2. IndividuelleLosungen je nach Versuchsdurchfiihrung und Colaprodukt.
Shiler:innenberechnen die Dichte (Masse: Volumen).

3. Density of a substance is defined as its mass per volume. This chemicatyrope
canbe determined in this experiment. The density of Diet Cokesithan the
one of regular Coke, because it contains less sugar (considering equal kolume

4. Itis important tousestaledrinks That waythe carbon dioxideloes not influence
the measurements.

5. Inhaltsstoffe kbnnen von den Etiketten der Flaschen/Dosen entnommen werden
die Shler:innensollten feststellen, dass Cola light im Gegensatz zu Cola keinen
Zucker enthélt, sondern Sistoffe (sweeteneBp jeweils geldésten Massen an
Zucker und SuRstoff sind dann entscheidend fur die Dichte.

6. Coke contains 16 g of sugar per 100 mL. A glass of Coke (250 mL) would equal
26.5 g sugar per day. The recommended sugar consumption of 25 gemasy
is exceeded by drinking 250 mL of Coke.
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Das Arbeitsblatt enthalt einen Informationstext und Adbbngen zu verschiedem
Stoffeigenschaften. DarlUber hinaus kénnen &ikller:innenAufgaben bearbeiten,
um ihr Wissen zu testen.

1. IndividuelleLosung (die Informationen kénnen den Daten auf dem AB
entnommen werden, oder durch eine kurze Internetrectergesammelt
werden)

2. When laundry “dries” below OC, water changes its state of matter from a liquid
to a solid. The laundry freezes. Afterwards the water sublimates, it turreogas

3. That statement is only partially true. “Heavier” only refers to the mddsoth
drinks. It should refer to the density which includes astabces mass per
volume. So we also have to consider the volume of the coke drinks.

4. IndividuelleLosung (Ideas couliticlude: using a magnifying glass, heating it,
dissolving it in wateandtasting it)

Hierwird eine Wortschatziibersicht zu Stoffen und Stoffeigenschaften iélérnenden zur
Verfigung gestellDie ConcepMap kann beliebig ergéanzt werden.

Die Schillemnennutzen die Concept Map und verschriftlichen 10 Sétze insainglr Sprache, z.B.:
1. Temperature has an influence on the state of matter.
2. A gas has a low density.

3. Mass is related taensity.

4.Volume is related to density.

5. Magnetic behaviour is a propgrof matter.

6. Solubility is a property of matter.

7. Flammability is a property of matter.

8. Solid (s) is a state symbol.

9. A chemical has a specific smell.

10. Some chemicalsave a crystalline form.

; Lassen Sie digchiler:innereine ConceptMap mit den deutschen Begriffen erstellen und
erweiternoder die englischsprachig@gnceptMap auf Deutsch kommentieren.

Weitere Informationen zur Arbeit mit Concelgtaps finden Sienter ,Lésungen und didaktische
Hinweise fir Lehrkrafteauf Seite 102.
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2.2. TheParticle Model (S. 2225)

Das Arbeitsblatt enthélt eine Versuchsvorschrift zum Mischen vonlB3®%asser und
50 mL Alkohol und einen Modellversuch mit Erbsen undkSemern.

1. Even though 50 mL of two liquids were addbke finalamount deesnot equal
100 mL.

2. Mustard seeds and peas differ in mass and size. Smaller particles fill gaps that the
biggerparticles createSo the mixture forma smaller volume.

3. Water and alcohol are different substancasichis why their particles differ in

size and mass.

Water and alcohol particles must have different sizes.

5. We would probably observe a volume of 19Q.

»

In diesemArbeitsblattwird die Diffusion von Bromdampf beschrieben wird. Die
Schiler:innersollen zu funf Erklarungsanséatzen Stellung nehmen und diese
bewerten.

1. IndividuelleLésungen.
2. Simorns statement is correct.
3. IndividuelleLosungen.

; Die Schiler:innenformulieren am Ende der Bearbeitung des AB eil
Glossareintrag bzw. eine Definition zum TeilchenmodelDeutsch. So stellen Sie als
Lehrkraft sicher, dasdie Fachsprache sowohl in der L1 als auch in der L2 gesichert ist.

Dieses Arbeitsblatt enthalt einen Informationstext uadfgaben zum einfachen
Teilchenmodell.

1. When salt and sugar dissolvaltsand sugaparticles move because of Brownian
movement in the solution and diffuse into the watdihey onlyseem to disappear.

2. Theheatof the surrounding environment forces the particlesnmve faster.So
water changes its state of matter from a liquid to a gas.
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3.

4.

5.

Particles in gases have a higher Brownian movement and diffusion rate tr
other states of matterThe particles keep moving, so after some time one can
detect this by smell.

Heatspeeds ughe movement of the particles, thayove further apart so water
becomes water vapor.

The particles in @ses and liquids have a higher Brownian movement and fewer
attractive forces thanhe particles irsolids.

2.3. Mixtures andSeparation Techniques(S. 2643)

Das Arbeitsblatt enthalt eineVersuchsvorschrift eines Schilerversuches
verschiedenen Trennverfahren am Beispiel der Kaffeebohne. Die Kaffeeb
werden gemahlen, der Bohndgaxtrakt filtriert, eingedampftind anschlieRendeldst.

1.
2.

The mixture in step &iliquid and brown. The mixture in step 4 is solid and brown.
DieSchuler:innersollen hier besonderidire Beobachtungen aus dem Versuch mit
einbeziehen. Die Farbe, der Geruch und die Oberflachenstrulder
verschiedenendsten Kaffeeprodukte kénnen hier genauer beobachtet werden.
Hier sollen dieéSchiler:innerdie einzelnen Schritte der Versuchsdurchfiihrung in
den Blick nehmen und beschreiben, was mit den Kaffeebolhma&len einzelnen
Schritten passiere.g: The coffee beans are first ground into a powd¢ter that,

a liquid coffee mixture is brought #oboil. It is then filtrated and heated again for
the water to evaporate. The residue is mixed with water to create a findlra.
filtration (step 3), evaporatiofstep 3)

In diesem Arbeitsblatt wird eine Versuchsvorschrift ztsgkiedenen Trennverfahrer
am Beispietines SanéalzGemisches behandelt.

1.

2.
3.

+ 4+ 5 Flow Chart

B) decant 30 mL of

A) mix sand and the solution
salt (homogeneous
(heterogeneous solution -
conglomerate) decanting)
Add water and stir C) filter the rest of
(heterogeneous the solution

solution) (homogeneous

solution -
filtration)

Decanting, filtering
Thesandis separatedrom the salt/water mixtureby decanting. Filtration is used
to separate the sand from the salt/water mixture.
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1. The liquid water is heated until evaporation. The water vapour (gaseous) is then
cooled on the glass plate and liquified again.

2. The salt remains the test-tube/porcelain dishand water evaporates and is
collected intest-tube/beaker.

3. The students compare botxperimental setups and describe which of them
they prefer.

Das Arbeitsblatt enthalt einen Infotext zur Entsalzung 8alzwasser sowie passent
Aufgaben.

1. Sea water is desalinated in special basins via sedimentation and evaporation with
the help of sunlightBy letting the water evaporate, pure salt crystallises. If you
condense the water vapour and collect the water, you get fresh water as a by
product.

2. The high temperatures in the tropics and swbpics are needed to rable the
evaporation of water.

3. Sedimentation: separation because of different densities, Decamtasieparation
because of different states of matter (a liquid and a solid substariit&)ing:
separation because of different states of matter (solid diggiid substances),
distillation: separation because of different boiling temperatures

Exkurs: Lassen Sie @ehller:innerdie deutsche Salzproduktion recherchieren
und ein kleines Referat auf Deutsch halteaw. darauf basierend ein
englischsprachiges Infoposter erstellen (e.g. Linebukgalt city).

Das Arbeitsblatt enthalt eine Versuchsvorschrift zur Destillation vowétiot

Der Versuchsaufbau ist zundchst mit der Intention der Aaselersetzung mit der
Versuchsapparatur zu beschriften: 1.rodbdttomed flask, 2. boiling stone, 3. water
out, 4. water in, 5. measuring cylinder

1. Ethanol and water are separated in the distillation process.

2. Boiling temperature of water: 108C, Boiling temperature of ethan@i8°C.

3. The mixtures might not have been separated completely because we heat it up to
80°C.

4. The water used for coolingeell below 100°C.
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Anhand dedJbungsblates kannder Aufbau einer Destillationsapparatur undree
Funktionerarbeitet werden
1+2

’ Liebig condenser

round-bottomed flask

liquid mixture
boiling stones

receiver

distillate

3. Luckentext Reihenfolge: liquid, is heatgulo. heatsup, gas, thermometer,
component, gas, cool, condenses, liquid, distillate

DasArbeitsblatt enthalt eine Versuchsvorschrift zur Chromatografie von Blattgrt

1.

N

Depending on the leaves you have chosen, one could piphaliserve three
coloured spots ¢hlorophylla and b green,carotenoids —yellow, phaeophytin-
grey).

IndividuelleSchilerantwort, richtet sich nach verwendeten Blattern

Methylated spirit functions as a solvent. The solveseson the paper, where
some components of the le&xtractmove along better than others according to
their solubility in methylated spiriand their adhesion to the cellulose molecules
of the paper

Diskutiert die Aussage kritisch, Bm er/sie Bezug zu seinémren
Versuchsbeobachtungen nimmt, aus denen hervorgeht, dasciedenfarbige
Komponenten im Extrakt enthalten sind

Das Arbeitsblatt enthakine Versuchsvorschrift zur Papierchromatografan
Filzstiften.

1. Chromatography is a method to separate dye mixtures. Blackipghens contain a
mixture of dyes. If one uses the filter paper as a stationary phase to filacgye on,
the mobile phase water transports the colours to different spots on therfpaper
depending on the solubility of the dyes and their adhesivegrs.
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2. (Betrachtung der Animation)
3.

water particles
dye particles

carbon particles

4. The colours in permanent markers are not soluble in water. That is why the
experiment does not workThe student should use another mobile phasegy, an
organic solvensuch as ethanol or acetone

Das Ubungsblatt enthélt einen Liickentext zu Stoffgemischertiannung mit
vorgegebenen Auswahlmoglichkeiten sowie finf Aufgaben.
Lésungen Lickentext:

1. In some cases,awusechromatographyo find out if a substance is pure ibiit
isa mixture.

2. When you can see with your own eyes that a substance is a mixture then this
substance belongs to the group loéterogeneous mixtures.

3. Smoke consists @blid particles mixed witlgases

4. Milk is an example of ammulsion.It is opaque and turbid because it is a
heterogeneous mixture

5. Salt water is golution

6. Solutions are homogeneous mixturesgaflidsin liquids,liquidsin liquids or

gasesin liquids.
7. The mixtures in 6. are all clear ammdnsparent
8. A mixture of liquids in gasesf&g.
9. Water colours in water formsuspensionsand ink is &olution
10. Pure substances havesaecifichoiling temperature.
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1. Chromatography is merely concerned with the separation of very s
guantities of substances. The primary aim is to get an osreref whether the
substance in question is a pure substance or a mexitinerefore the method
of chromatography is not meand separate substances on a large sc8lee
experiments on chromatographyThe Secret of Being Green,” “The Secret
Golour of theFelt-Tip Pen” for reference.

2. Smogformsin densely populated areas. In such areas the solid particles of

exhaust gases froroars and companies mix with water vapour that is in the

air naturally. @pending orweather conditions, this mixture of solid particles,
condensed water and aganstay above the area of origin. Smog most often
appears in summer time when there is hardlyy rain and only weak winds.

Smog constitutes a heterogeneous mixture. This fact cardd@uced by

reduced visibility and the fact that at sunset the sky is dyeshge. Therefore,

smog is not transparent.

Oneoption would be 6 evaporate the watercondense andater collect it.

4. Sugar is soluble in water. Therefore, | would cut the sugar beets into small
pieces and add these pieces to water. To speed up the process and to get as
much sugar out of the plant, |1 would boil tisagpension. After some tie, |
would separate the remnants of the plant and the sugater solution by
filtrating it. The filtrate is heated up again so that all the water evaporates. The
residue is sugar. Yet the sugar is not chemically pure and therefore most likely
not white, but one could already consume it.

5. Iron production, paper and glass recycling, production of sugar and salt,...

w
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Das Arbeitsblatt enthalt einen Infotext iber homogene und heterogene
Stoffgemische sowie passende Aufgaben furStibller:innen

Heterogeneous mixtures

Homogeneous mixtures

toothpaste X
dusty air X
milk X
mineral water X
wine X
clouds X
ink X
water colour X
mud X
washing powder | X

Zuordnung der Abbildungen zu Stoffgemischen:
a) gaseous mixture b) alloy, c) solution,
d) agglomerate, e) suspension, f) smoke
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Hier finden Sie eine Wortschatzlbersicht zu Stofftrennverfahren mit Formagishilfen.Die
Schiiler:innersollen die Begriffe in an die richtige Position in die Ubersicht eintragdn
anschlieend Trennverfahren und Stoffgemische farbig markiéeschlie3end sollen Sie auf
Deutsch zehn frei gewahlte Begriffe erklaren (Sprachwechsel).
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Chapter 3 Chemic&eactions
3.1. Conversion oMaterials(S. 4449)

Die Schuler:innedernen mit Hilfe der Reaktion von Kupfer und Schwefel die
grundlegenden Aspekte der chemischen Reaktion kennen undemneangeleitetihr
Wissen in einer Wortgleichung auszudrticken.

~ \ 1) testtube

< 2) gas burner

3) sufur powder

4/ 4)folded piece of copper

antizipierte Schilantworten (z.B.)

1.
Copper Sulfur
Properties | solid, solid,
metal strip, non-metal powder,
coppery, brown and| yellow
shining

2. The cooled down copper strip displays characteristics of a solid, tdacketimes
powdery- substance.

3. Some ideas might includexaminingthe substancaunder a microscope, heating
it, cooling it, weighing iand checkngwhether it is magnet.

4. Individuelle Schikinnenantworten. Wichtige Begrifflichkeiten &en z.B.
properties, new substan¢ehemical reaction, reactants, products.

5. A chemical reaction took pla¢xcause the properties of the product are different
from those of the reactantsA new substance with new chemical and physical
properties was formed (black solid materi@oppersufide).
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Das Experiment wird mit einem offenen Kupferbrief und mit einem offenen
Kupferbrief mit KohlenstoffAktivkohle)durchgefiihrt etwas anders alsei dem
klassischen Kupferbriefversuch

; | DieSchuler:innenibertragen eine deutsche Versuchsanleitung zum Kupferbrief
ins Englische und fuhren den Versuch durch.

Mogliche Versuchsbeschreibung auf Englisch:

Fold an open sachet from a small, squgiece of copper sheet

Then hold it with pliers for about 30 s in the rushing flame of the gas burneit. Let
cool briefly. Now fill activated carbon powder into the letter and heat it again witho
shakingLet it cool and pour out the remaining powder.

1. The copper sheet before the reaction is solid and coppery. After the reattie
sheet isablack and solid substance.

There idesscarbonin the envelope after heating it.

The inner envelope is coppery and shiny. The outer enea®plack.

Step l:copper and oxygen; Step 2: oxygen and carbon

Step 1: copper(s) + oxygen(gicopper oxide (s), Step 2: oxygen(g) + carbo#AgEs)
carbon dioxide(g)

abkwn

In diesem AB lesen d&chdler:innereineninformationstext zur chemischen Reaktic
und bearbeiten anschlieBend Ubungsaufgaben. Hierbei liegt Fadkus auf eine
anfanglichen Betrachtungsweise der chemischen Reaktide Rrozess de
Stoffumwandlung.

1. a) Burning wood is a chemical reaction because new subssanoal and carbon
dioxide are formed.
b) Dissolving salt in water it a chemical reactianf you heat the resulting salt
solution, you can separate the componefgalt and wateyfrom each other.
¢) The wsting of an iron nail is a chemical reaction because a new subsiamte
oxide is formed.

2. The statement isvrong. Thechange of colouis a sign that a new substance,
namely caramehas formed. Sugar does not change its state of maltietrit takes
part ina chemical reaction.

3. carbon dioxide (g) + water (BEoxygen (g) + sugars (S)
(with the help of sunlight and chlorophyll
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4. The experiment shows the heating of a copper anlfurmixture. Both substance
are heated in a@est-tube. The reaction is complete whelfuris no longer visible.
The copper sheet is then extracted from tiest-tube.

3.2. Energy ifthemicalReactions(S. 5057)

Die Schuler:innererhalteneine Versuchsvorschrift zur Reaktion von CuS&0
(blaves Kupfersulfgtund CuSQ(weiles Kupfersulfgt sowie eingurze Einfuhrung
der Begriffe exotherm und endotherm.

1. The colour of the solid before the reacti@blue. After the reaction itislight
blue.

2. Water must be presentsaaproduct of the reaction in E1.

3. Water could come from the coppsulfate pentahydrate

E1l.coppersulfate pentahydrate(s)Acoppersulfatg(s) + wate);

E2:coppersulfateg(s) + water(l)Ecoppersulfate pentahydrate(s)

5. One can regenerate theeactantfrom E2 by heating

E1 is an endothermic reaction and E2 is an exothermiciceact

»

o

Das Arbeitsblatt enthalt einen Infimationgext und Aufgaben zur Energiebeteiligun
bei chemischen Reaktionen. Begrifflichkeiten, wie z.B. exotherm tlesao und
Aktivierungsenergie werden erlautert.

1. Energiediagramm KupfersigfZinksulfd

= copper + sulfur zinc + sulfur
@
c
(] .
reaction
energy
reaction
copper sulfide energy
zinc sulfide

124



6. Didaktische Hinweise und Losungen fur Lehrkrafte

2. The matches must be close togetheo the match heads are close enougHight
each other.

In dem Informationstext werden Energieénderungen bei cisehen Reaktionen uni
verschiedene Energieformen behandelt. Wenn Sie den geschilderten Versbsh sel
durchfihren, konnen Sie den Schiilenen die freigesetzte Lichtenergie
demonstrieren Wenn Sie den Kolben von aulRen beriUhren, werden sieek
Temperaturverdnderung bemerken, da es sich um kaltes Leuchten handelt.

Die Didaktik der Chemie der Universitdt Wuppertal stellt auf Ihrer Homepagk
weiteres Material zur Verfligung, z.B. wird dort die Reaktion mit der Warnketoiidra
gezeigt und im Ebook ,Keeping track of the heat" erlaytasses sich um kaltes Licht
handelt Letzteres liegt alBbookalsSchiiler und Lehrerversionewor.

; Die Schuleriinnen Ubertragen eine deutsche Versuchsanleitung r zu
Chemolumineszenz von Lumind Englische und schauen sich ein Video des Versuchs
an. Eine mdgliche Zusatzaufgabe fir 8iehiler:innerware, das Video mit englischen
Untertiteln zu versehen.

1. Beispielhafte Formulierung fir die Durchfiihrung des Erpants:
The bottom of a 1L Erlenmeyer flask is covered with potassium hydroxide
about 0.5 cm high. 1 mL of dimethyl ®iide and a smallpsitula tip of
luminol are added. Then a good mixing is ensured by rotating the flask.

2. Observations for the experimenthe sample emita bright, cool,
white/bluish light.
In the reactionchemical energy igartiallytransformed irto light energy.
Light energy is released in a bonfikeatenergy is released in a pocket
warmer. Electric energy is released through a battery.
5. Picture 1: chemical energy in light energy

Picture 2light energy irchemical energy

Picture 3:heatenergy in chemical energy

Picture 4: chemical eangy inheat energy

Picture 5: chenuial energy in electrical energy

Picture 6: chemical energy in electric energy

kW

Das Experimergnthdlt ein Schillemnenexperiment mit einem Knicklicht. Die
Erkenntnisse zu verschiedenen Energieformen und deren Untiwam bei
chemischen Reaktionenanden hier noch einmal thematisiert und kontextualisiert.
Labell- plastic tube Label2-dye solutionlLabel3- glass tubewith a solution

1. Tocrack the glass tube inside the glstick it is necessary to benitl Thus
activaing the reactionby mixingthe chemicals involved.

125



6. Didaktische Hinweise und Losungen fur Lehrkrafte

2. Thereactants mix and react with each other. In the reactiowid light is
emitted.

Chemical energy is transformed into light energy.

Glow stick bracelets are not environmentally friendly because they obn o
be used once and are not recyclable.

kW

DieSchuler:innemecherchieren die Funktion von Biolumineszenz in Organismen

Mogliche Link$ur die Recherche

Wissenschaft aktuell

https://www.wissenschaft
aktuell.de/extra_rubriken/Biolumineszenz__Wenn_Lebewesen_leuchten.html
(letzter Zugriff23.09.24.

Spektrum
https://www.spektrum.de/lexikon/biologiekompakt/biolumineszenz/155@etzter
Zugriff23.09.24.

EineWortschatziibersicht zu chemischen Reaktiorieie@Schuler:innersollen hier die Liicken mit
passenden englischen Begriffen flllen.
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Chapter 4 Combustions
4.1. Air— A @sMixture? (S.58-67)

Versuchsvorschrift zuZusammensetzung der Luft (Reaktion von Eisenwolle
geschlossenen Versuchsraum; Volumendifferenz ermitteld anf Sauerstoffanteil
schliel3en).

Die Eisenwolle muss zundchst mit einem Losemittel wie Aceton entfettet
anschlieend getrocknet werden. Fiden Fall, dass noch Lésemittelreste anhaften,
wird dieses beim Erhitzen mit erhitzt und verbrannt, was tfensuchsverlauf und das
-ergebnis stéren wiirde.

a.

w

o

before shiny, grey, metallic; flexiblafter: bluish black, dull, brittle or short
(‘short’ is thetechnical term for ‘sprode’; it is important to point outahparts of
the iron wool remain unchangéd

the volume is supposed to decrease from 100% to approximately 80%ireng.
100mL to 80mL

The flame of theburningsplint dies

A new substance with new properties has formed (cf. obstgons above).
However, not albf the iron wool has reactedueto the fact that there is so
much of it and onhalittle air. The amount of iron exceeds by far the amount of
oxygen,(Die Lehrkrafkdnnte dieses spater aufgreifen und Experimente mit
unterschiedlichen Portionen Eisenwolle in Luft oder reinem Sauerstoff
durchfuhren lassen bzw. selbst durchfiihren.)

Atmospheric oxygen must have been the reactant as only a minor pa# fifth

- of the surrounding aiinside the syringéas reacted. It is known that nitrogen
makes up the greatest part in air, i.e. slightly less than-fifits.

word equation: iron (s) + oxygen (dgiron oxide (s)

Oxygen is vital for combustion&fter thereaction there is namore oxygen in
the apparatus as the observation of the dying flame proves. Thereforegenxyg
and iron have reacted to form a new compound called iron oxide.
individuelle Berechnungen

There is air in botthe gas syringeandthe glasscylinder. In total, there is a
greater volume of air in the whole apparatus, i.e. more than 100 mL. Thygoxy
in the whole portion of air will react with irgavhereby the syringe volume will
be reduced by far more than the expected amount of 20 mL.

Thegoal of this experiment is to let the whole amount of oxygen reacirdier

to reach this goal, sufficient iron is needed. If there was too little iron, weladvo
not be able to let all oxygen particles react. Thus, we would not be albé¢ tioe
completeamount ofoxygenreact to formthe new compound iron oxide.
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1. These are the noble gases: helium, neon, argon, kryptorgrxkemadon,
(oganessonfor further information consult: “Oganesson”
https://www.britannica.com/science/element 18 (Access23.09.24.

2. Individuelle Sug8.sg. Die inhaltlichen Kriterien flr das Poster kbnnen gemeinsam
erarbeitet werden (vgl. auch Info: Hydrogen)

3. Individuelle Sug.sg., bei denen folgende Paare genannt werden kénnen:

Glowing splint test Glimmspanprobe

test-tube Reagenzglas

wooden splint Holzspan

Lighter Feuerzeug

to glow Guhen

Gas Gas

Oxygen Sauerstoff

to catch fire anfangen zu brennen

Lime water test Kalkwasserprobe

test-tube Reagenzglas

lime water Kalkwasser

rubber tube Gummischlauch

to lead gas in the solution Gas in die Losung einleiten
carbon dioxide Kohlenstoffdioxid
formation of a white precipitate Bildung eines weil3en Niederschlag

Versuchsvorschrift zum Modellversuch zum Treibhauseffekit Luft und
Kohlenstoffdioxid mit Leitfragen.

Ein allgemeiner Grundsatz, doch hier besonders wichtig, damit der Versucgt:gelin
Das Experiment muss zuvor unbedingt hinsichfiidterialienauswahl, Durchfiihrung
und Auswertung durchdacht werden, da nur geringe Temperaténgerungen von
ca. 2°C zu erwarten sind. Insbesondere Petrischalerd Glaswannengrof3e missen
aufeinander abgestimmt werden. Fir ein Gelingen ist auchadsgichende Fluten
mit  KohlenstoffdioxidGas sicherzustellen. Es hat sich bewéhrt, gr
Erlenmeyerkolben entsprechender Volumina vorab mit KohlenstoffdiGas zu
fluten und dann vor dem Experiment die Glaswanne zu besahiddé einem
brennenden Span léssich ermitteln, wie hoch die Glaswanne mit Kohlenstoffdioxid
befllt ist.

1. The lamp emits light and heat energyarbon dioxide can absorb parts of the
radiation emitted by the lamghereforethere is a higher temperature to be
measured in the glass trough in comparison to thelgetvith air.

2. LANDcardboard (and snowovered land: aluminium foi this solid matter
either absorbs or reflects radiation and the black cardboard gets warmer while
emitting infrared radiation and heating up the surroundinG&0OUD $etri dish
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with water— both Petri dish and clouds ‘contain’ water, but whereas clouds
contain water vapour or fog, theetri dish contains liquid water; SUN: lamp
both sources emit electromagnetic waves of a certain speciflight and heat
energy)

3. This part of the experiment is comparable to the albedo effect as this metallic,
shiny surface reflects the radiation whereas the black cardboard absorbs it.

1. Zuordnung der Buchstabesunlight—I; earth — E; heat- Q; greenlouse gases
g; atmosphere-A; S —space;

Beispieltext Figure 3 contains a schematic procedure which helps explain the
greenhouse effect. From top to bottom, there are three layers of slighttyed
somewhat semicircular shapes: a dark blue ornlgta blue one and a brown one
with bluish partsThey represent (outer) space (S), the atmosphere (A) amdpla
earth which comprisesf land (E) and water (i.e. seas and rivers)

This tripartite structure serves as the context in which arrows indicétma of
action:On the left, there is a big yellow arrow (l)cuits through the two blue layers
and pointsdirectly at or even intothe brown shape. Within the light blue layer

part of the big yellow arrow bends in the opposite direntand extendsnto the

dark blue layer. On the right, an orange arrow (Q) takes its point of origirein th
brown shape at the bottom and points at a semicircular line of legase letters

“g” in the upper part of the light blue layer, just neighbouwrion the dark blue
layer. A second orange arrow of smaller size seemingly continues the whigthe
orange arrow has taketowardsthe line of“g’s.” It is located in the dark blue layer

in the top right corner.

The yellow arrow represents solar radiation which entersatmeosphere. 70% of

it reachesthe surface of the earth, whereas 30%, i.e. approximately one third, are
reflected back into space. This shown by means of the small yellow arrow
pointing upwards.

When the sun’s radiation reaches the ground, it is absorbeid &nd by plants. As

a result, two processes take place. First of all, ground and plants heat umdSec

a part of the light touching the ground is converted into heahich is then
reflected. This process is depicted by the orange arrow, which is slightly smalle
than the yellow arrow. Thereby, the two aforementioned processes alieahet.

The line of‘g’s” represent greenhouse gasashich keep a part of the radiation
from leaving the planet. This is the reason why there is a smaller orange arrow
right behind the'g’s.” It stands for the amount of radiation which has finally been
reflected into space. As a consequence, a part of the original energginedtin
solar radiation is trapped as he#lhereby keepinglanetEarth warm.

(The figurecannot answer the questiorass towhy a part of the sun’s radiation is
reflected and whathappens to the greenhouse gases when in contact with the
heat reflected from the earth. Nevertheless, the figure presents the integra part
which are most important for relatively mild temperatures on tlaeté’s surface.
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; Idee fir einen Sprachwechsdtrarbeiten Sieine deutsckhenglische Mindmag
mit zentralen Begrifflichkeiten und Redewendungen zum nafieih und
anthropogenen Treibhauseffekt. Es bietet sich an, nachacspichen
Stolpersteinen, d.h. mehrdeutigen Begriffen zu schauen ums$edmit lhren
Shiler:innen zu analysieren Beispielsweise kdnnen Sie mithilfe des Oxf
English  Dictionary die  unterschiedlichen  englischersprachlichen
Realisationsformen vofLichtstrahl untersuchen: beam vs. ray. Ferner bietet es
sich an zu untersuchen, wie der Begriff Kokteffdioxid im Englischen i
unterschiedlichen Kontexten realisiert werden kann. Auch hier ist einbeRete
im Oxford English Dictionary gewinnbringend. Die Orientierung
Sprachvergleiches aand von Stolpersteinen geht auf Christa Rittersbacl
zurlk, vgl. z.B. diesen Lirdu einem open accegstikel, der Grundlegendes
beschreibt
https://phka.bszbw.de/frontdoor/deliver/index/docld/92/file/Dialog+
+2.+Jahrgang+2015+Heft+1BILDUNG+UND+MEHRSPACHIGKHKS.. péff)

: Idee fir einen SprachwechselUberdies bietet es sich an, auf Basis
zusammengestellten Vokabulars einen Erldirt in deutscher Sprache :
Abbildung 3 anzufertigen.

2. Structureand composition of the atmosphere

The lower and middle parts of the atmosphere

Part Altitude/km | Gomment/further information
Thermosphere| 80+
Mesosphere | 50-80 Mesosphere and thermosphere belong
ionosphere, which extends up to 550 km
Sratosphere | 1550 Concorde flew at 15 km;
ER2 research planes fly at 18 km
Troposphere | 0-15 8,850 m height of Mount Everest
The higher you go, thiess dense the
atmosphere becomesThe troposphere
comprises approximate®0 % of al of the
molecules.

*Mdéglicher interkultureller Exkurs zum Mount Everest:

In 1865, the mountain previously referred to as Peak XV was named after Sir G
Everest (1794.866) who was SurveyorGeneral of India from 1830843
Alternative names for the mountain are: Sagarmatha (Sanskrit and Nepali)
Chomolungma (Tibetanomolangma Feng (Chinesklier kbnnen Bezilige zum
Kolonialismus heutigen Bedingungen in der Region und im Sinne BNE
hergestellt werden

Sources:

“Chomolungma’in:
https://www.collinsdictionary.com/de/worterbuch/endggch/chomolungma
(23.09.24

University of York Science Educat®roup, i.e. Otter, Chris, et al. (2018)Level
Salters Advanced Chemistry for OCR. 4th ed. Oxford University Rre$3498.
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“Mount Everest” in:https://www.britannica.com/place/MountEveaest (Access:
23.09.29

3. Sourceof some gases produced as a result of human activity

Gas Main source as a result of human activities

carbon dioxide combustion of hydrocarbon fuels (e.g., in power statio
motor vehicles); deforestation

methane cattlefarming; landfill sites; rice paddy fields; natural ¢
leakage

nitrous oxide fertilised soils; changes in land use (e.g., from the

(Lachgas, D) when land is ploughed up)

f-gases broken refrigeration and airondition equipmen{usage

(fluorinated as cooling agents); from insulating foam or components

greenhouse gases) in fire-extinguishers (usage as blowing agents)

Source of “carbon dioxide”, “methane”, and “nitrous de(:
University of York Science Education Group, i.e. Otter, Chas, (@015)A Level
Salters Advanced Chemistry for O@R.ed.Oxford University Press, p. 197.

F-gases
“The impacts of climate change are now being felt everywhere around ¢t gl

Renowned international experts say that the rise in temperature have
disastrous consequences for mankind, which is why climate actionei®aur
greatest ecological and economic challenges. The Kyoto Pro®dbkimost
important and most prominent milestone of global climatgian. It includes not
only carbon dioxide (Gbut also fluorinated greenhouse gases as their impact on
the climate is 100 to 24,000 times the impact o,JQ.] While greenhouse gases
are usually undesired bByroducts, for example, of the combustion of fossil fuels,
fluorinated greenhousedages are generally produced and released intentionally.
They are used in similar ways as wedhlorofluorocarbons(CFCs dt.
Fluorchlorkohlenwasserstoffe FCKM@shalons(dt. Halogenkohlenwasserstoffe)
which are responsible for destroying teatospheric ozone layer.”

Source “Fluorinated greenhouse gasdsgases)”
https://www.bmuv.de/en/themen/luft/ozonschichtozonloch/fluorinated
greenhousegasesf-gasegAccess23.09.24

4. The answers are subdivided into two sections, i.e. A) and B)

SectionA) What can youdo yourself?

- reconsider one's role as a consumer (cf. the ter
consumption/overconsumption/consumerism in Annie LeahaThe Story of
Stuff, of which an extract can be found in some Secondary Entghksthbook,
e.g. ask an Engtigeacher), ultimately resulting in purchasing lesd #rereby
saving the earth’s resources

- repair broken things, i.e. extending their lives thereby countering tHairped
obsolescence

- reconsider one’s attitude towards the concept of perceived obsolesee

- decrease the emission of carbon dioxide and nitrogen exlueusing public
transport or cycling

- eat less meat; refrain from purchasing goods from intensive livestock farr
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- avoid energy waste by switching off electronic devices instead of sting
by functions

- prefer electricity providers whose energy is based on renewable en
sources

- separate waste and dispose of hazardous waste according to the regulations

- buy fruits that are sold loose

- buy products/grocery without packaging

- refrain frombuying equipment containinggases

- reconsider one’s travel habits: soft tourism vs. hard tourism

- live sustainably: consume environmentally friendly, socially compa
produce which also takes animal welfare in consideration

- refrain from fertilizing yougarden or moderate the usage of fertilizer

SectionB) What do you expedirom politicians and businesspeople?

- increase the price for prodteand goods that have been produced ignoring
aforementioned sustainability aspects (i.e. environmental issues, s
compatibility, animal welfare)

- ban on planned obsolescenee products can be used longer

- introduce laws ensuring that certain devices mhbstrepairable-> repairing
rather than throwing away

- tax privileges for environmentally friendly companies and their products

- are supposed to rethink the worldwide reliance on growth mmmy and
consider alternative movements such as post growth economy

- leaders should lead by example, e.g. by driving environmentally friendly cars
based on renewable energy

- town planning has to find alternatives flmor sealing(dt. Bodenversiegelung)
by refraining from opening new construction areas/development are
ingead, they could enhance public transport and enable andoerage
commuters to live in different cities rather than moving to one city

- in Germany, oldashioned car industry has been one of the economic mlyivi
forces; politicians are supposed to reconceptualise German economy.

“Soft tourism”: https://www.bfn.de/en/activities/tourismand-
sports/tourism/ecotourism/softtourism.html(Access23.09.24

Auf eine Durchnummerierung der Licken in der Kopiervorlage fur @@ndler:innen
wurde verzichtet, damit die Orientierung in der Concept Map ei
Kommunikationsanlass bleibt. In den Gesprachen kann ncardainn einerseits
inhaltlich, d.h. an den zentralen Vokabeln, orientierendérerseits kann eine
Orientierung Uber kissisches (Bill Beschreibungsvokabular erfolgen, z.B. "l would
like to fill the gap which is located between the words air and homogenguoxisire.

| suggest the relation 'is'.". Zu lhren Handen finden Sie abamsahen Orientierung
eine durchnummerierte Concept Map mit den zehn Auslassungen und eine Liste zu
den zehn einzusetzenden Wortern.

Die schnellen Schiler:innen kdnnen z.B. Synonyme zu den geemdRelationen
finden, deutsche Begriffe hinzuschreiben, ein Kreuzworgi&sler Quiz erstellen
sowie das Concept Map mit selbstgewéhlten Waortern und Pfeilen erweitern.
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1. essential for / necessary for
2.contains less than 1% of

3. essential for / necessary for

4. cannot maintain

5. maintains

6.generated in

7.is

8. contains approximately 21% of
9. contains approximately 78% of
10.is
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4.2. BurntDoesNot Mean “Gone” (S.68-79)

Das Experiment fihrt das Thema Verbrennungen anhand ddatia von Eisenwolle
ein. Es liefert klare Beobachtungen. Der moglichen Schiervorstellung, dass die
Flamme an sich fur die Oxidation verantwortlich ist, also wie ein Edukt, wiirkt mit
Experimentteil E2 Rechnung getragen.

El

before burning: shiny, grey, bendable

while being burntglows yellow, sparks fall on lab table, turns bluish black
after buming: matte, bluish black, brittle/short

E2

before burning: shiny, grey, bendable

while being burnt: glowing , turns bluish black
after buming: matte, bluistblack, brittle/short

1. beforeburning: shiny, grey, bendable
after buming: matte, bluish black, brittle/short
A new substance ith new propertiessformed.

2. Productdook similar, both are brittle. As a consequence, they must be the same
substance.

similaritiesof E1 and E2

- iron wool is heated in air

- heated by burner

- identicalsimilar masses of iron wool portions

- fuzzy iron balls appear similar in shdpeore the experiments

differences:
- in E2 the burner flame does not toucthe iron wool
-in E1, wool is held by a pair of tong&fur Eingeweihte ist das unbedeutend,
doch aus Schiiler:innenperspektive ist es verstandlicks dach die Metallzange
einen Einfluss haben kann; ggf. durch ein Folgeexperimenttigsh, z.B.
Eisenwolle auf einer Glaskeramikplatte erhitzen oder von zwei schwer
schmelzbaren RG gehalten 0.4., Stichwort Faktorenkontrolle)

3. The statemehis wrong because the iron womactsin both experimental set
ups of which one ensures that the flame does not touch thehab all
Therefore, the chemical reaction does not necessitate the contact betweemr flam
andiron wool.

4. If thereisno air inside, the reaction does not take placearfithis one can infer
that air or a part of aifoxygen) is one of the reactants. The otheyactantis
iron.

5. Based on the information that copper forms copper oxideperesponding pair
for this experiment would be iron and iron oxide.

6. iron (s) + oxgen(g) Ziron oxide (s)
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1. reactant iron (s), oxygen (Q)

product: iron oxide (s)

The pictures must be matched appropriately. Iron belongthophoto depicting

a grey, slightly shiny solid, whereasn oxide belongs to the one depicting a

matte, bluish black solid. Oxygen belongs to the pictlgpictinga glass syringe

containing a colourless gas

zinc(s) + oxygen (gfEzinc oxide (s)

3. Whichletter a-d represents the amount of chemical energytld reactantsa
Which letter represents the amount of chemical energy of the prodact?
Which letter indicates the amount of activation enerdy?

Which letter indicates the amount oéaction energyn this reaction’d

n

Der erste Balkenwaagenversuch bestéatigt scheinbar das Prékonzept, dass
Verbrennen etwas vernichtet wird die Holzstabe verlieren an Massewur um van
zweiten Balkenwagenversucin Frage gestellzu werden: Hier wird ein kognitiver
Konflikt,ausgeldst durch didMassenzunahme, erzeugt, der tber das Teilchenmodell
und die Produktarten geltst werden kartein Transfer findet in Versuch E3 stat
dem die ga®rmigen Verbrennungsprodukte im geschlossenen System verloleibée

so das Gesetz der Erhaltung der Masaehvollzogen werden kann.

Auf https://www.chemie-interaktiv.net gibt es Animationen, die die beide
Verbrennungsvorgange auf makroskopisc und submikroskopischer Ebet
nachvollziehen lassen. Hier sind es nun digitale Waagen, aehdie Stoffportioren

verbrannt werden. Die Animationen die an der Wuppertaler Chemiedidaki
entwickelt wurden (Schmitz/Bohrmadrnde/Tausch 2007)egen in deutscher und
englischer Sprache vor:

Verbrennungsvorgange: Eisenwolle (Zugrz3.09.29
https://www.chemie-interaktiv.net/html5_flash/al42.htmbzw.
https://chemiedidaktik.unk
wuppertal.de/fileadmin/Chemie/chemiedidaktik/files/html5 _animatiompt
schmitz/verbrennung_eisen/verbrennung_eisen.html

Verbrennungsvorgange: Holz (Zugri#f3.09.24

https://chemiedidaktik.uni
wuppertal.de/fileadmin/Chemie/chemiedidaktik/files/flashlist/flash/verbreang/in
dex.html

135



6. Didaktische Hinweise und Losungen fur Lehrkrafte

Mit Hilfe diese Schnappschiisse kdnnen er&mblicle gewonnen werdenLinks im
Bild wird der Verbrennungsprozess in Augenschein genommerhtRdiber die
zuschaltbare Lupenfunktion, wird die Teilchenebene visigat. Uber die
Deutschlandfahne und den Union Jack kann die Sprache gewé&hnitem Eine
aufrufbare Legende uneine Vokabelliste (nicht in der HTMW&rsion) komplettieren
die Animationen.

The piece of wood burns with a small yellow, slightly sooty flame. The |dmger t
piece of wood burns, the smaller it becomes. The burnedddoecomes black. The
sideat the salewith the burning piece of woothises.

The iron wool glows and slightly burns with a yellow colour. The formerly ghayy
substance turns into a matte, bluish black solid. The aidbe scalewith the burning
wool sinks.

1. carbon (s) + oxide (g¥Ecarbon dioxide (g)
iron (s) + oxide (gyEiron oxide (s)

;  Ildee fur einen SprachwechselLassen Sie stapotion-Filme erstellen, die von
obigen Animationen angeregt sein konnen. Beschriftungen ddaufd und der
verwendeten ,Protagonisten” sollten in deutscher Sprache erfol@&gf. kann dann
ein englischer Kommentar eingesprochen werden oder umgekehrborZ&ollte das
zentrale Vokabular in beiden Sprachen erarbeitet werden incl. der Aussprache.

2. Oxides are formed in both reactions. The first reaction results in gaseiesso
whereas the second results in solid oxides.
Iron is a metal, while carbon isnan-metal. It can be assumed that metals form
solid oxides, while nometals form gaseous oxides. This assumption has to be
substantiated by further experiments or further research.
Carbon dioxide is gaseousis formed fromchemicallybondedcarbon in the
piece of wood and oxygen from the althe gas mixes witthe surrounding air
because there is nothing to stop it. There is neither a barrier nor a substance that
can absorbt. It cannot be weighedpnly the remaining piece of wood can be
weighed.Therefore, this side goes up.
Iron oxide isa solid.It has formed from iron and oxygen from the &inceit isa
solid it cannot leave the burning iron wool, it simply remains where it has been
produced. Thusit can be weighed. When burning, more and more oxygen
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particles react with iron particles. This side goes down, because oxygearHeo
air and iron are chemically bonded to each other.

A “problent of the setup with thebeam balance is that one of the two
reactants the oxygencannot be weighed at all

; ldee fur einen Sprachwechsdlntersuchen Sie u.a. mithilfe des Oxford
English Dictionary die unterschiedlichen Bedeutungen denté\tmrbon und
carbon dioxidaund setzen Sie diese mit deutschen Entsprechungen ins
Verhaltnis.

1. Before heatingThe matches have red heads and a wooden body; the baitoon
slack After heating The matches are black and brown, in some parts they are
grey and somewhat white, especially at the tip where the red head was. Some
sooty, brownish liquid has condensed in tiest-tube. There is some smoke it.
The balloon has inflated.

2. Once thetest-tube has cooled down, the masfter heating equals the mass
before heating.

3. In Elthe glass container (the beaker) is op&he setup considers only so(iar
liquid) reactants— gaseous reactants cannot be weighed. Furthermoasegus
reaction products can leave it. In E3, the glass containertégtdube) is sealed
with the balloon. It is closed. Gaseous reaction products cannot ldeve
apparatus The matches have burdensidethis closed container.

4. A chart visualizes these aspects (add further aspects/feel free to pariieithe
aspects further)

A comparison of the setups in E1 and E3

E1l “beaker” | E3 ‘test-tube’
container is open X
container is closed X
mass of all reactants can X
be weighed
mass ofall products can X
be weighed

In E3, all reactants and all products can be weighed because none of éimem c
leave theclosedtest-tube. There is a closed systelive see that the mass before
and after the chemical reaction remains thense. No mass has been destroyed

In E1, only solid (or liquid) reactants and products cacdnsideredNeither

gaseous reactants nor gaseopiduds can be weighedwvhich is why it seems as

if the productsare lighter than the reactants. If the gaseous products were caught
and weighedthe result would hag been similar to the one in E3
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Der Text liefert schlissige Informationen, um die Beobachtungen der be
Balkenwaagenversuche auf déeilchenebeneu erklarenDa in der Regel an dieser
Stelle des Chemieunterrichts der Molel&gqgriff noch nicht eingefihrt ist, wird die
Bezeichnung gxgen particles statt oxygen molecules verwend&haloges gilt fur
carbon dioxide particles

The combustion of carbon using John Dalton’s atomic model

1. With regard to the reaction between carbon and oxygen, there are six carbon
atoms on the left and on théght side of the reaction arrow. In each case, there
are twelve oxygen atoms.

2. Diese Aufgabe kann wie die Reaktionsgleichidahlenstoff reagiert mit
Sauerstoff umgesetztwerden (siehe Versuch “Conservation of mass” E2)
Zudem kann die 0.g. AnimationgfrennungsvorgangeEHolz) Verwendung
finden. Dort wird Holz als Kohlenhydrat angeseh@&mne chemische Verbindung
aus Kohlenstoff, Sauerstoff und Wasserstafich die Rauchbildung wird
visualisiert.

The combustion of iron using John Dalton’s atomiodel

1. With regard to the reaction between iron and oxygen, there @ight iron atoms
and eight oxygenatoms in each casés each atom has a specific mass and the
number of atoms does not change, we can say that the esafgeactantsequabk
the massesof products. (Hinweis: Es ist empfehlenswert Schiiler:innen darauf
hinzuweisen, dass die betrachteten Stoffportionen tieb hdhere Zahleran
Atomenenthalten.)

2. Hier soll thematisiert werden, dass die g&%rmigen Reaktionsprodukte de
geschlossene Systenitht verlassen kdnnen, das offene System hingegen schon.
The mass would be much lighter than before heatingttst-tube. This is due to
the fact that the balloon as well as the gaseous product:nota be weighed
anymore. The closed system has become an open system.

Das Experiment entspricht in gewisser i¥#éedem Verbrennen von Streichhdlzern
verschlossenen Reagenzglas. Nun wird mit Aktivkohlginem Sauerstoff gearbeitet.
Die Aktivkohle verbrennt restlos der Feststoff reagiert komplett zu gasférmigen
Produkten. Es ist hilfreich, in einem abgedunkelten Raunrtzitan und den Kolben
kraftig zu schwenken, sobald die Aktivkohle zu glihen bégiAm Ende des
Experiments ist der Kolben scheinbar leer. Das Wiegdrevand nachher zeigt, dass
es keine Masseanderung gibt. Mit diesem Lehrerversuch wird die kleinge®eq
abgerundet und die Vorgange werden mit Aufgaben, die wieder €ilehiEnebene
aufgreifen, durchdrungen. In diesem Experiment kann maih gut das entstandene
(unsichtbare) Kohlenstoffdioxid nachweisen (Kalkwasserprobe).
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Text fur die Beobachtung:

Inside the roundottomed flaskthere is oxygen and a small amount of activated
carbon. The apparatus is heated with a burmiter sometime, the activated carbon
starts glowing with a white and yellow light which becomes fainter and faintgk it
vanishesinside the roundottomed flaskthere is nothing to be seen anymorkt the
end,lime water is added, which become®udy white / milky white(The sample
turns cloudy white / milky white.)

; Idee fir einen Sprachwechsdbiese schriftlichen englischsprachigen
Ausfuhrungen kdénnen stichworthaft in die deutsche Fachspeaibertragen
und mit einem selbst entworfenen Ablaufschema visualisiert werden. Z.B.
kann dann der englische Text in der linken Hélfte der Seiteestahd echts
ware das Ablaufschema mit deutschem Vokabular.

; Idee fir einen Sprachwechsdhteressant ist sicher auch das
Verbalisieren des ,Verschwindens' bzw. des ,Nachlassens'
,Schwacherwerdens'. Oben wurde fir das eine ,to vanishaget, fir das
andere ,tobecome fainter and fainter* (alternative Formulierung z.B. ,to
become ever fainter’). Bst eine inhaltliche Diskussion um das mehrdeutige
Wort ,schwach{weak vsfaint) mdglich z.B. mithilfe eines
Kollokationswdorterbuches.

1. Carbon has reacted ratheilently in the oxygetilled container. Colourless
carbon dioxidas formed whichcould bedetected bythe lime water test.
Word equation see above.

2. Fragen und Losungsbuchstaben:

2.1: Which othese diagrams represents Boyle’s experiment corredly?
2.2: ... does not show a chemical reacti@n?

2.3: ... show(s) the correct type of reactants and produ&td?

2.4:Tick offthe correct statements about Boyle’'s experiment:

B) The reaction is exothermiCORRECT

The mass of the flask remains unchang@@mRECT

Auf eine Durchnummerierung der Liucken in der Kopiervorlage fir die Schilemir
wurde verzichtet, damit die Orientierung in der Concept Magin
Kommunikationsanlass bleibt. In den Gesprdchen kann mam ddnn einerseits
inhaltlich, d.h. an den zentralen Vokabeln, orientieren.dénerseits kann eine
Orientierung Uber klassisches (Bjl Beschreibungsvokabular erfolgen, z.B. "l would
like to fill the gap which is located between the words combustions andesx
assume the phrase 'are formed in' would be a suitable one.'lh&an Handen finden
Sie aber zur raschen Orientierung ethechnummerierte Concept Map mit den sechs
Auslassungen und eine Liste zu den sechs méglicherweisseingnden Waortern.
Die schnellen Schiler:innen kénnen z.B. Synonyme zu dendgefeim Relationen
finden, deutsche Begriffe hinzuschreiben, ein Kreuzséitsel oder Quiz erstellen
sowie das Concept Map mit selbstgewahlten Wértern und Pfeilen erweitern.
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1. are reordered/rearranged in
2.are

3.is

4, are formed in

5.is

6. consists of
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4.3. Water— An Hement? (S80-89)

Diese Versuch ist ein weiterKlassiker, der sich auf die Spuren des gangigen
Ausdrucks des ,nassen Elements Wasser* macht.

1.

n

The detonating gas test is a detection test for hydrogen.

The glowing splint test is a detection test for oxygen.

water (I) ZEhydrogen (g) + oxygen (Q)

It must be endothermic because a form of energy, electricity, roestpplied at
all times for the reaction to take place.

The ratio of thevolume of thegaseshydrogen and oxygeis 2:1. According to
Avogadro’s law, equal volumes of gases have the same number of E(ttle
the same temperature and pressure). If being applied h#rean be said that the
particle ratio d hydrogen and oxygen is 2:1a water molecule is thus a
compound in which hydrogen atoms and oxygen atomschsmicallybonded to
one another in the ratio of 2:1. This is reflected in the formuy@ Fas two
hydrogen atoms are chemically bonded to ong/gen atom. The index ‘2’ seems
to refer to the number of atoms within a water molecule. There is no index for
the oxygen atom, which might mean that there is only one oxygen atom.

1. Wateris formed by hydrogen and oxygen in a volume ratio of 2:thign
case, the two hydrogen litres have reacted with one litre of oxygen, which
means that the remaining colourless gas must be oxygen. A glowing splint
test would prove it.

2. Water does not corist of these gases, but water is a chemical compound
containing water molecules. In a water molecuigdrogen atomsand
oxygen atoms are chemically bonded to one another.
The statement in the task means that hydrogen and oxygen are merely mixed
—there wauld be a homogeeous mixture of two colourless gases. This is
obviously not water.

1. Two hydrogen molecules react with one oxygen molecule to form two wa
molecules.

2. We have learned that metals such as iron and-nwetals such as carbon
form oxides irchemical reactions with oxygen: iron oxide and carbon dioxide.
If we have a look at a water moleculge see that two hydrogen atoms are
chemically bonded to one oxygen atosimilar toiron atomsthat are
chemically bonded to oxygen atoms and carbon atdimat are chemically
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bondedto oxygen atoms. According to these considerations, it can be sai
that HO can be calletlydrogen oxide The ratio of hydrogeatomsto
oxygenatoms in a water moleculis 2:1, while the ratio of iroatomsand
oxygenatomsin aniron oxidecrystal structure is 1:1 and the ratio of carbon
atomsandoxygenatomsin a carbon dioxideanoleculeis 1:2. In this sense, it
could even be argued thatB must be namedihydrogen oxide

3. Eine Ubersichtstabelle zu ‘oxyhydrogen’:

Advantages Disadvantages

alludes to the fact that there is a the term can be misunderstood as
mixture of oxygen and hydrogen a chemical substance itself, e.g.
OH, rather than a mixture

other mixtures can detonate/
explode, too, presenting a similar | German students will have to learn
result (e.g. a mixture of petrol and | a new term for a concept they haye
air) already labelled completely
different in German

4. Diese in tabellarischer Ubersicht zusammengestellten Informationenekonn
genutzt werden, um sie ins Heft/digafel Gbertragene Fig. 4 zu schreiben:

Compound Detecting method Detecting agents
water add a few drops of water on | white coppersulfateor
white coppersulfateor WATESMO paper

WATESMO paper (turns blue
in presence of water)

hydrogen detonating gagest none (only lighter and
(oxyhydrogen test) test-tube)
oxygen glowing splint test none Enlywooden splint
andtest-tube)

5. Diese Definitionen entstammen keinem englischen Herkunftsworterbuch,
sondern der Encyclopaedia Britannica (,Synthesis” und ,Analysis”, Zugriff:
23.09.24 bzw. Wikipedia (Zugrif23.09.24, doch transportieren sie das
Wesentliche:

Encyclopedia Britannica:
https://www.britannica.com/topic/synthesigphilosophy

“Synthesis, irphilosophy the combination of parts, or elements, ander to
form a more complete view or system.”

Wikipedia:

https://en.wiktionary.org/wiki/synthesis
https://en.wikipedia.org/wiki/Analysis

“Analysis: Ancient Greek “analisis”, a breakingy

Synthesis: Ancient Greek “sunthesis”, a putting together; compaositiom
“suntithemi”, put together, combine, from “suhtogether”, from “tithemi”,
set, place.
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1. For one thing, hydrogen reacts with other substanicethe lower parts of the
earth’s atmospheremainlywith oxygen to form water. This reaction is often
set off by sunlightFor another, hydrogen particles move at a very high speed.
Often, they reach the minimum speed needed to leave eadhedthe escape
velocity (Fluchtgeschwindigkeit).tHey are in the upper parts of the earth’s
atmosphere and have reached escape vigypthey are finally able to leave
into outer space.

2. Hydrogen reacts with atmospheric oxygen (oxygen from the afgrta water.
hydrogen (g) + oxygen (dkwater (1) | exergonic

3. Perform detonating gas test.

4. 1t is more advisable to fill liquilydrogen in the tanks rather than gaseous
hydrogen Liquid hydrogen is compressed. This way, nmoke hydrogen can
be transported.This fact can be underpinned with data from regular steel
bottles used in school laboratories: A regular steel bottle haslame of 10L.

If beingfilled with compressed hydrogen at a pressure of 200 bar, you can take
a maximum of 1,780 L gaseous hydrogen from it. Sot
https://static.prd.echannel.linde.com/wcsstore/DE_REC_btdal_Gas_Stor
e/datasheets/pds/wasserstoff_8.pdf(Access23.09.24.

; Idee fur einen SprachwechseEs geht hier um die Stoffe Wasserstoff,
Sauerstoff und Wasser. Ergriinden Sie mit lhren SuS unted$iche englische
Aquivalente fur den deutschsprachigen Begriff ,Stoff* badas Suffix-stoff*

und identifizieren Sie, in welchem Kontext sich welcher Begriff als tragfahig
erweist. Hier sei auf CRittersbacher und den Grundlagentext verwiesen, der
frei unter folgender Adresse zuganglich isthttps://phka.bsz
bw.de/frontdoor/deliver/index/docld/92/file/Dialog+
+2.+Jahrgang+2015+Heft+3BILDUNG+UND+MEHRSPACHIGKEIT.{&.
19ff).

Nach der vollstandigen Concept Map zum Thema combustions kdriemnun eine
noch zu erganzende Concept Map zum Thema Wasser. Im Bereials Mé&@pitel 5,
folgt dann ein Skills File, mithilfe dessen eine eigenstandige Concept idghite
werden soll.
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Chapter 5

5. Metals andMetal Production (S.90-101).

Mithilfe dieses Experiments kann die Reaktivitat verschiedener Metalledenein
edler Charakter erkundet werden. Anhaltspunkte liefern die Heftigkeit der Reakti
die sich in akustisch und optisch Wahrnehmbarem manifgst&Esonders wichtigst
der Unterschied in der jeweiligdntensitatder Leuchterscheinungen.

Bei Magnesium gibt es eine sehr grelle Lichterscheinung. diée®innen sollten
nicht direkt in die Flammechauen (Augenschutz). Singil&ptiker*innen unter den
Schiler*innen muss besadere Vorsicht walten, da einpgeptischer Anfall dadurch
ausgeldst werden kann.

1.

iron: bright orangeyellow/golden light perceptible, a slight crackling sound is
audible

magnesium: glaring light perceptible, loud cracks audible

copper: (faint) grer, absence of sound

iron (s) + oxygen (giEiron oxide (s)

magnesium (s) + oxygen (ggmagnesium oxide (s)

copper (s) + oxygen (gEcopper oxide (s)

The reaction intensity increases in this sequence: cogdpam, magnesium.

The reaction intensity correlates with the intensity of the perceptible lighadgr
bright orangeyellow, glaring white).

There is some crackling sound when iron and magnesium react in the flame. It is
greater in the case of magnesium.

In order to compare the different metalgactivity, it is necessary to ensure a
comparable grain size. As a hypothesis, one could sugdestirier the powder,
the greater the reaction intensity. An experiment to explore this hypothesis
would be sprinkling portions of copper powder of diffetgmain sizes onto the
flame. Furthermore, one could even go so far as employing powder, chips, an
thick wire or pieces.

Hier geht es um die thermische Zersetzung von Silberoxid in die Elementisaie
einer Analyse.

1.

reactant: brownish grey, matt(e) (i.e. absence of shine; not sholig satter
products: 1. colourless gas collectedast-tube 2. grey, slightly shiny solid
matter in theheatedtest-tube

- The glowing splint test is positive, i.e. the splint catches fire: prodfeof t
presence of oxygen / proof that oxygen is present

- Due to the fact thatfter driving out the air more gas is formed and there has
only been silver oxidanithe test-tube, the oxygen must have come from the
silver oxide

- In addition to the arguments in 2, the solid portion has beavimg while being
heated. Furthermore, the solid portion has changed col®tiese observations
substantiate that a chemical reaction has taken pladgich must have released
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oxygen.

- The shiny grey of the product indicates the formation of elemental silver. A
shiny greyish surface is characteristic of metals. Silver is a metal.

4. -The compound silver oxide is split up in isneents, silver and oxygen. For this
analysis, it is sufficient to apply heat.

- Silver oxide is a compound consisting of chemically bonded silver atains an
oxygen atoms. The two elements have been identified above.
- silver oxide (S)&Esilver (s) + oxygefuy)

5. -In this synthesis, two elements react with one another to form a new compound
in which the two are chemically bonded to one another. Here, theainsitver
reacts with the noametal oxygen to form silver oxide. It is the reverse process to
the onefrom answer 4
silver (s) + oxygen (gEsilver oxide (s)

1. Gold is a noble metal. Its reactivity is low. Accordingly, it does not engage in
chemical reactions like oxidations as it has a low aldifprm oxides. If it was
used in a fireworkit would simply fall bacto the ground Instead, it is better to
use base metals such as iron to create golden sparks. All in all, the co8oies
in a firework do not correlate with the shine visible omatal's surface.
Furthermore, gold is a precious and rather expensive metal.

2. Iron and zinc are base metals. Their ability to form oxides is high. Whentatton
with atmospheric oxygen (oxygen from the air), their particles wouldtreéb it
to form oxdes. These processes already take place in normal conditions, i.e.
room temperature. This slow process results in the elements lohigig $hine as
their surfaces are coated by iron oxide or zinc oxide, respectively.

The corresponding word equatioase:
-iron (s) + oxygen (g¥Eiron oxide (s)
- zinc (s) + oxygen (gEzinc oxide (s)

3. Some reasons are: It is very decorative and shiny. It can be applied in relatively

thin layers. Due to its low reactivity, gold can keep its shine for a lorgg t
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Hier geht es darum, dass man Kupfexgiid im Gegensatz zu Silberoxid (s.0.) ni
thermisch zersetzen kann, sondern, dasan dafir ein Reduktionsmittel benétigt.
Analog zum Informationstext wird also auf ein unedleres Metall zurtickgegritfas
zur Folge hat, dass ein Gemisch aus Edukten und Produkterl@ni3as entstehende
elementare Kupfer lasst sich daraus schweretnen.

; Idee fur einen SprachwechseProbieren Sie zum Anbahnen eines funktionalen
Sprachwechsels die von Bohrmalinde (2016) vorgeschlager
Sprachwechselmethode aus. Ein konkretes Beispiel wie sie funktionmegnfiSie
oben in Kapitel 3.1 beim Versuch , The copper envelope®.

1. Before: Amixture consisting of grey and black powdAfter: The mixture has
formed a kind of cake. Some parts have turned coppery,rqthets have turned
grey-brown.

2. The coppery solid must be elemental copper. Gherbrown solid should baon
oxide

3. Iron redued copper oxide. Iron accépthe chemically bonded oxygen from
copper oxide to form iron oxide. Iron is a reducing agent because it isdbks n
than copper, making it a good partner in the oxygen transfer reacfioat is,
copper has transferred oxygea iron.

4. copper oxide (s) + iron (gEiron oxide (s) + copper (s), exothermic: energy
emission (light, heat

Alternativ zu einem Metall kbnnen auch Nichtmetalle als Reduktionsmitiglesietzt
werden. Diesem wird hier nachgegangen und auf bekannte Nashv
zuruckgegriffen. ErfahrungsgeméBt das Metall nicht direkt als kupferfarbe
glanzender Feststoff im Reawsglas vorliegend. Es ist eher erkennbar als rotbrauner,
matter Feststoff. Uberfiihrt man diesen auf ein Papier und presst ihn fest namein
Spatel, ist der metallische Glanz des rotbraunen Kupfers gut erkeribbarKonzept
RedoxReaktion als Elektronéransferreaktiorwird erst spater thematisiert.

; Idee fur einen SprachwechseProbieren Sie zum Anbahnen eines funktionalen
Sprachwechsels die von Bohrmalhinde (2016) vorgeschlager
Sprachwechselmethode aus. Ein konkretes Beispiel wie sie funktionmeténf Sie
oben in Kapitel 3.1 beim Versuch , The copper envelope*.
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=

=

copper oxide: greyish black salactivated carbon: black solid

- starts glowing; first, a matt(e) red solid is visible throughtdst-tube; later on,
this red solidurns into a coppery solid

a coppery solid

The coppery solid (powder): copper

- lime water: detection agent for carbon dioxide

- helps identify carbon dioxide as a product next to elemental copper
word equation:

copper oxide (s) + carbon (gEcopper (s) + carbon dioxide (g)

- reduction: from copper oxide to copper

- oxidation: from carbon to carbon dioxide

a) copper oxide (s) + zinc (&copper (S) + zinc oxide (s)

b) copper oxide (s) + carbon (&copper (s) + carbon dioxide (g)

Im Fall b) muss auf die richtige Darstellung von Kohlenstoffdioxid geachtet
werden, d.h. sie muss gesetzt werden.

Das Durchzahlen ddieilchen ist fur die Teilchenbilanz, die proportional zur
Massenbilanz ist, notwendig.

OA: oxidising agents (Oxidationsmittel)
RA: reducing agents (Reduktionsmittel)

- copper oxide reacts with iron: OA copper oxide, RA iron

- copper oxide reacts with caom: OA copper oxide, RA carbon
- copper oxide reacts with zinc: OA copper oxide, RA zinc

- magnesium and zinc can be used for the reductibinon oxide
- reason: they are less noble than iron
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4.

- crucial information 1: aluminium reduces zinc oxigdealuminium is less noble
than zinc

- crucial information 2: aluminium cannot reduce magnesimaluminium is less
badcthan magnesium

magnesium aluminium- zinc— ( iron- copper- silver)

An overview
Carbon Hydrogen
Availability coal mines, many production based on water,
naturally occurring electrolysis, energy costs
graphite deposits, (electricity); production also
different degrees of based orthe fossilfuel,
purity methane
Safety no safety issues highly explosive gas (cf. the
information texts about
hydrogen)
Costs relatively low, depend on| depend on electricity
purification steps provision
Qustainability | its composition, which is | product is water; assessmel
necessary to produce of 'green’ production must
thermal energy, emits be based on the reactant
greenhouse gases (water; methane: byproduct
iscarbon dioxide) and
electricityprovision

Die Tabelle versammelt einige Ideen, die als Ausgangspunkte flr eine
Internetrecherche dienen kénnen. Auf Basis seridser Quellen kénnenesier w
untermauert und ausdifferenziert werdeHlier bieten sich Bezlge zu Bildung far
nachhaltige Entwicklung, BNE, an. So kénneben der 6kologischen auch die
okonomische, politische und soziale Dimension adressiedrden. Im
Zusammenhang der groftechnischen Produktion von Vedhsmuetallen kann

der Abbau von Metallerzen in Lagerstatten, die Férderbediggu, Arbeitsschutz,
Transportwege, staatliche Subventionen fur Produktionspssee und weitere
Aspekte thematisiert werden.

Die SkillsSeiten finden hier ihren Abschluss in der selbsttatigerielfinag einer
ConceptMap. Die Anlage als Einzehd Partnerarbeit ermdglichtid Eigentatigkeit

und das gemeinsame Aushandeln, welche Begriffe verwendeteme Als Grundlage
konnen die Infoexte ,Metals and metal oxidésind ,Producing copper by means of
reductiort sowie dieverschiedenen Versuche dienen. Je nach Grundlage entstehen
unterschiedliche Concept Maps. Es spricht nichts dagegedezwnterschiedlichen
Texten jeweils eine Concept Map erstellen zu lassen und diese ggf. ansatilie
inhaltlich zu verknipfen.
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Nutzliche Internetseiten
(letzter Zugriff 07.06.24)

Inspirationen aus der MINEC Praxis

X https://www.mint-ec.de/fileadmin/content/titelbilder schriftenreihe/B | 16 c.pdf

Homepage zum Zeichnen von Versuchsaufbauten mit englischen Bezeichnungen

X https://chemix.org/

Englischsprachiges Material ausoBbritannien

X https://edu.rsc.org/

Englischsprachiges Material aus USA

x https://de.khanacademy.org/

Englischsprachige Erklarvideos

X https://thecrashcourse.com/

Homepage Brgische Universitat Wuppertal
Animationen in deutscher und englischer Sprache:

X https://chemie-interaktiv.net/ff.html

x https://chemiedidaktik.uiwuppertal.de/index.php?id=4388&L=0

Arbeitsmaterial- Beispiet zum Download
X https://chemiedidaktik.uniwuppertal.de/index.php?id=4235&L=0
EBooks

X https://chemiedidaktik.uniwuppertal.de/en/digitatmedia/e-books/

Englische Versuchsvideos

x https://chemiedidaktik.uniwuppertal.de/en/digitatmedia/videns-and-educational

films/
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Literatur zum bilingualen Unterricht und Sprachwechseln
(alphabetisch nach Autor*innen)

1.

BACH, Gerhard und Susanne NIEMEIER, 2010. Bilingualer Unterncidtagen,
Methoden, Praxis, Perspektiven. 5., Gberarb. und erw. Aufl. Frankfurt am Maifr [
Lang. ISBN 978631-6047%7.

BRUNNERT, Rainer; Michael W., TAUSCH; Claudia BOHRIMNARNEN202®aving
the way for curriculum innovation through participatory action research imgniial
chemistry and bilingual biology lessons at German secondary schools:sResulta
survey among teachers concerning their material demands
ARISE] (3):17—23.

BOHRMANMLINDE, Claudia Funktionale Sprachwechsel und Wechsel der
Darstellungsformen im bilingualen Chemieunterrichh: Bilingualen Unterricht
weiterentwickeln und erforschenkFrankfurt am Main; Bern; Bruxelles; New York;
Oxford; Warszawa; Wien: PetemigaEdition S.165181.ISBN $£31-678967.

DIEHR, Barbel und Lars SCHMELTER, 2012. Bilingualen Unterricht weiterdenk
Programme, Positionen, Perspektiven. Frankfurt am Main [u.a.]: Lang. F6BN 3
616678.

DIEHR, Barbel, Angelika PREISFELD und Lars SCHMELTER, 2016. Biltegucti¢n
weiterentwickeln und erforschen. Frankfurt am Main; Bern; Bruxelles; Nei; Yo
Oxford; Warszawa; Wien: Peter Lang Edition. ISBBL.E&78967.

DIEHR, Barbel und Dominik RUMLICH, 2021. Themenschwerpunkt: Bilingualer
Unterricht: aktuelle Herausforderungen und neue Chancen. Tubingen: Narr Francke
Attempto; auch erschienen als Themenheft FLUL 59 (1),.2021

DOFF, Sabine, 2010. Bilingualer Sachfachunterricht in der Sekundarstufe: eine
EinfUhrung. Tubingen: Narr. ISBN $8/82336591-4.

HALLET, Wolfgang und Frank G. KONIGS, Bat@lbuch bilingualer Unterricht:
content and language integrated learnirig.Aufl. Seelze: Klett Kallmeyer. ISBN-878
780049025.

HOFFMANN, Reinhard 2011. CLIL  Activity book for  beginners
Geography, History, Sciences, Westermann Verlag. ISBR-B#8140095

KIESLING, Elisabeth und Claudia Bohrawamae 2024 What to do with CeP — Eine
bilinguale Schiulerlaboreinheit als Beitrag zu BNE. In: Unterricht Chidefte202/203,
S.8591.

WILIHAGE, Manfred, 2003. Praxis des bilingualen Unterrichts. 1. Aufl. Berlin:
Cornelsen Scriptor. ISBN689-216999.

10.SOMMER, KatrjnJudith WAMBACH.AICHERInd Peter PFEIFER2019. Konkrete

Fachdidaktik ChemieGrundlagen fur das Lernen und LehrenQ@memieunterricht,
Friedrich Verlag, 20195BN978-3-76142969 3.
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8. Vokabellisten Deutsciicnglisch / Englisebeutsch

Deutsch Englisch

Adsorption
Aggregatzustangiinderungen
Aggregatzustande
Aktivierungsenergie
Aktivkohle

Albedo

Aluminium

Aluminiumoxid

Analyse (Zerlegung)
Anziehungskrafte
Arbeitsanweisung

Argon

Atmosphare

Atommodell

Atommodell nach John Dalton
Auftrieb

Auswertung

Avogadro, Gesetz/Satz von
Balkenwaage

Begriffsnetz

Beobachtung

adsorption
changes of state
states of matter
activation energy
activated carbon
albedo effect
aluminium
aluminum oxide
analysis
attractive forces
instruction

argon
atmosphere
atomic model
Dalton's atomic model
lift

conclusion
Avogadro's law
beam balance
ConceptMap

observation

152



8. Vokabellisten Deutsciicnglisch / Englisebeutsch

Bestandteile

Biolumineszenz

Bodensatz

Boyles Experiment

Brennstoff; Treibstoff
Brennstoffzelle

Brownsche Molekularbewegung
Bunsenbrenner

Chemikalien

chemische Reaktionen
Chomolungma
Chromatografie

ConceptMap (siehe Begriffsnetz)
Concorde (Uberschallflugzeug)
Dalton, John

Dampfe

Destillat

Destillation

Diagramm

Dichte

Diffusion
DonatorAkzeptorPrinzip

Edelgas

components
bioluminescence
sediment

Boyle's experiment
fuel

fuel cell

Brownian movement
gas burner
chemicals
chemical reaction
Chomolungma

chromatography

Concordgsupersonic aircraft)
Dalton, John

fumes

distillate

distillation

diagram /graph

density

diffusion
donor-acceptorprinciple

noble gase
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8. Vokabellisten Deutsciicnglisch / Englisebeutsch

Edelmetall

edler Charakter von Metallen

Edukte, Ausgangsstoffe

Eisen

Eisenoxid
elektrische Energie
Elektrolyse
Element

Emulsion
endotherm
Energiednderung
Energieumsatz
Energieumsatz
Entsalzung
Erderwarmung
Erdgas

Erz

Etikett

exergonisch
exotherm
exotherme Reaktion
Extraktion

Farbstoff

noble metal
nobility / noble character of ratals
reactants

iron

iron oxide

electric energy
electrolysis
element

emulsion
endothermic
energetic change
energetic turnover
energy turnover
desalination
global warming
natural gas

ore

label

exergonic
exothermic
exothermic reaction
extraction

dye
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8. Vokabellisten Deutsciicnglisch / Englisebeutsch

Farbveranderungen
Feststoff

Feuerwerk

F-Gase (fluorierte Treibhausgase)

Filtration
Fluchtgeschwindigkeit
Flassigkeit

fossiler Brennstoff
Gefahrensymbole
Gesetz der Erhaltung der Masse
Gewicht

Glimmspan
Glimmspanprobe
glow stick

Gold

Helium

heterogenes Stoffgemisch

Hofmannscher Zersetzungsapparat

Holz

homogenes Stoffgemisch
Intention

Kalkwassertest

Klebe/Haltekraft

changes in colour
solid

firework

f-gases (fluorinated greenhouse gases)
filtration

escape velocity

liquid

fossil fuel

hazard symbols

law of conservation of mass
weight

glowing splint

glowing splint test
Knicklicht

gold

helium

heterogeneous mixture
Hofmann apparatus
wood

homogeneous mixture
intention

lime water test

adhesive power
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8. Vokabellisten Deutsciicnglisch / Englisebeutsch

Knallgasprobe

Kohlenstoff
Kohlenstoffdioxid
Korngroéf3e
Kristallisierung
Krypton

Kupfer
Kupferoxid, rot
Kupferoxid, schwarz
Kupfersulfat
Labor
Laborgerate
Lachgas

Licht
Lichtenergie
Losemittel
Loslichkeit
LOosung

Luft
Luftsauerstoff
Luftschiff, Zeppelin
Magnesium

Masse

detonating gas test (auch: oxyhydrogen

test)

carbon

carbon dioxide
grain size
crystallisation
krypton

copper

copper oxide, red
copper oxide, black
copper subhate
laboratory (short: lab)
lab equipment
nitrous oxide

light

light energy
solvent

solubility

solution

air

atmospheric oxygen
airship

magnesium

mass
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8. Vokabellisten Deutsciicnglisch / Englisebeutsch

Messwerte
Metall
Metalloxid
Metallpulver
Methan

Mount Everest
Nachhaltigkeit
Natron

Neon
Nichtmetall
Oganesson
Oxid

Oxidation
Oxidationsmittel
Oxidbildung
oxidieren
Photosynthese
Piktogramme
Produkte

Reagenzglas

Reaktionsfahigkeit, vgl. auch Redoxreihe

Reaktionsgleichung

Reaktionspfell

data, measured values
metal

metal oxide
metal powder
methane

Mount Everest
sustainability
sodium hydrogen carbonate
neon

non-metal
oganesson

oxide

oxidation
oxidising agent
oxideformation
to oxidise
photosynthesis
pictograms
products
test-tube
reactivity
reaction equation

reaction arrow
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8. Vokabellisten Deutsciicnglisch / Englisebeutsch

Reaktionsschema

Reaktivitat; Reaktionsfahigkeit
Redoxreaktion

Redoxreihe

Reduktion

Reduktionsmittel

reduzieren

Reinstoff

Rohol

Ruckstand

Sagarmatha

Salzsaure

Sauerstoff

Sauerstoff; vgl. Luftsauerstoff
Sauerstoffiibertragung
Sauerstoffiibertragungsreaktion
Sauren

Schmelztemperatur

Schmuck

Schutzgas

Schwefel

Schwefelsaure

Sicherheitsregeln

reaction scheme
reactivity

redox reaction

reactivity series

reduction

reducing agent

to reduce

pure substance

crude oil

residue

Sagarmatha

hydrochloric acid

oxygen

oxygen,; cf. atmospheric oxygen
oxygen transfer

oxygen transfer reactions
acids

melting temperature
jewelry (AE), jewellery (BE)
shielding gas

suffur

suffuric acid

safety rules
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8. Vokabellisten Deutsciicnglisch / Englisebeutsch

Siedetemperatur

Silber

Silberoxid

Solarenergie, Sonnenenergie
Spatel

Stickstoff
Stoffeigenschaften
Stoffgemisch, heterogen
Stoffgemisch, homogen
Stoffgemische
Strahlung

Streichholzer

Substanz

Sulfid

Suspension

Synthese (Bildung)
System, geschlossen
System, offen

Teilchen
Teilchenmodell
Treibhauseffekt
Treibhauseffekt, anthropogen

Treibhauseffekt, natirlich

boiling temperature
silver

silver oxide

solar energy
spatula

nitrogen

properties of matter

mixture, heterogenous

mixture, homogenous

mixtures
radiation
matches
substance
sulphide
suspension
synthesis
system, closed
system, open
particle
particle model

greenhouse effect

greenhouse effect, anthropogenic

greenhouse effect, natural
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8. Vokabellisten Deutsciicnglisch / Englisebeutsch

Treibhausgas
Trennverfahren
Umgebungsdruck
unedles Metall
Verbindung
Verbrennung
Verbrennungsreaktion

Verdampfen

Versuchsdurchfihrung

Versuchsprotokoll
Versuchsskizze
Warmeenergie
Wasser
Wasserdampf
Wasserstoff
Wasserstoffoxid
wasstrig
WatesmaoPapier
weil3es Kupfersulfat
Wortgleichung
Zink

Zitronensaure

greenhouse gas
separation techniques
ambient pressure
base metal
compound
combustion
combustion reactions
evaporation
procedure

lab report

sketch

thermal energy
water

water vapour
hydrogen

hydrogen oxide
aqueous

Watesmo paper
white copper sphate
word equation

zinc

citric acid
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8. Vokabellisten Deutsciicnglisch / Englisebeutsch

Englisch Deutsch

acids

activated carbon
activation energy
adhesive power
adsorption

air

airship

albedo effect
aluminium
aluminum oxide
ambient pressure
analysis
aqueous

argon

atmosphere

atmospheric oxygen

atomic model
attractive forces
Avogadro's law
base metal

beam balance

Sauren

Aktivkohle
Aktivierungsenergie
Klebe/Haltekraft
Adsorption

Luft

Luftschiff, Zeppelin
Albedo

Aluminium
Aluminiumoxid
Umgebungsdruck
Analyse (Zerlegung)
wassrig

Argon

Atmosphéare
Luftsauerstoff
Atommodell
Anziehungskrafte
Avogadro, Gesetz/Satz von
unedles Metall

Balkenwaage
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8. Vokabellisten Deutsciicnglisch / Englisebeutsch

bioluminescence
boiling temperature
Boyle's experiment
Brownian movement
carbon

carbon dioxide
changes in colour
changes of state
chemical reaction
chemicals
Chomolungma
chromatography
citric acid
combustion
combustion reactions
components
compound
ConceptMap
conclusion
Concorde (supersonic aircraft)
copper

copper oxide, black

copper oxide, red

Biolumineszenz
Siedetemperatur

Boyles Experiment
Brownsche Molekularbewegung
Kohlenstoff
Kohlenstoffdioxid
Farbveranderungen
Aggregatzustansiinderungen
chemische Reaktionen
Chemikalien

Chomolungma
Chromatografie
Zitronensaure

Verbrennung
Verbrennungsreaktion
Bestandteile

Verbindung
Begriffsnet1Conept Map)
Auswertung

Concorde (Uberschallflugzeug)
Kupfer

Kupferoxid, schwarz

Kupferoxid, rot
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8. Vokabellisten Deutsciicnglisch / Englisebeutsch

copper syphate

crude oil

crystallisation

Dalton, John

Dalton's atomic model
data, measured values
density

Desalination

detonating gas test (auch: oxyhydrogen

test)

diffusion

distillate
distillation
donor-acceptorprinciple
dye

electric energy
electrolysis
element

emulsion
endothermic
energetic change
energetic turnover

energy turnover

Kupfersulfat

Rohol

Kristallisierung

Dalton, John

Atommodell nach John Dalton
Messwerte

Dichte

Entsalzung

Knallgasprobe

Diffusion

Destillat
Destillation
DonatorAkzeptorPrinzip
Farbstoff
elektrische Energie
Elektrolyse
Element

Emulsion
endotherm
Energiednderung
Energieumsatz

Energieumsatz
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8. Vokabellisten Deutsciicnglisch / Englisebeutsch

escape velocity
evaporation
exergonic
exothermic
exothermic reaction
extraction

f-gases (fluorinated greenhouse gases)
filtration

firework

fossil fuel

fuel

fuel cell

fumes

gas burner

global warming
glowing splint
glowing splint test
gold

grain size

graph

greenhouse effect
greenhouse effect, anthropogenic

greenhouse effect, natural

Fluchtgeschwindigkeit
Verdampfen
exergonisch
exotherm
exothermeReaktion
Extraktion

F-Gase (fluorierte Treibhausgase)
Filtration

Feuerwerk

fossiler Brennstoff
Brennstoff; Treibstoff
Brennstoffzelle
Dampfe
Bunsenbrenner
Erderwarmung
Glimmspan
Glimmspanprobe
Gold

Korngréie

Diagramm
Treibhauseffekt
Treibhauseffekt, anthnpogen

Treibhauseffekt, natirlich
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8. Vokabellisten Deutsciicnglisch / Englisebeutsch

greenhouse gas
hazard symbols
helium

heterogeneous mixture
Hofmann apparatus
homogeneous mixture
hydrochloric acid
hydrogen

hydrogen oxide
instruction

intention

iron

iron oxide

jewelry (AE), jewellery (BE)
Knicklicht

krypton

lab equipment

lab report

label

laboratory (short: lab)
law of conservation of mass
lift

light

Treibhausgas
Gefahrensymbole
Helium

heterogenes Stoffgemisch

Hofmannscher Zersetzungsapparat

homogenes Stoffgemisch
Salzsaure

Wasserstoff
Wasserstoffoxid
Arbeitsanweisung
Intention

Eisen

Eisenoxid

Schmuck

glow stick

Krypton

Laborgeréate
Versuchsprotokoll

Etikett

Labor

Gesetz der Erhaltung der Masse
Auftrieb

Licht

165



8. Vokabellisten Deutsciicnglisch / Englisebeutsch

light energy

lime water test
liquid

magnesium

mass

matches

melting temperature
metal

metal oxide

metal powder
methane

mixture, heterogenous
mixture, homogenous
mixtures

Mount Everest
natural gas

neon

nitrogen

nitrous oxide
nobility

noble gase

noble metal

non-metal

Lichtenergie
Kalkwassertest
Flussigkeit
Magnesium

Masse

Streichhdlzer
Schmelztemperatur
Metall

Metalloxid
Metallpulver

Methan

Stoffgemisch, heterogen
Stoffgemischhomogen
Stoffgemische

Mount Everest
Erdgas

Neon

Stickstoff

Lachgas

edler Charakter von Metallen
Edelgas

Edelmetall

Nichtmetall
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8. Vokabellisten Deutsciicnglisch / Englisebeutsch

observation
oganesson

ore

oxidation

oxide

oxide formation
oxidising agent
oxygen

oxygen transfer

oxygentransfer reactions

oxygen,; cf. atmospheric oxygen

particle

particle model
photosynthesis
pictograms
procedure
products
properties of matter
pure Substance
radiation
reactants
reaction arrow

reaction equation

Beobachtung
Oganesson

Erz

Oxidation

Oxid
Oxidbildung
Oxidationsmittel
Sauerstoff

Sauerstoffiibertragung

Sauerstoffibertragungsreaktion

Sauerstoff; vgl. Luftsauerstoff

Teilchen
Teilchenmodell
Photosynthese
Piktogramme
Versuchsdurchfiihrung
Produkte
Stoffeigenschaften
Reinstoff

Strahlung

Edukte, Ausgangsstoffe
Reaktionspfeil

Reaktionsgleichung
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8. Vokabellisten Deutsciicnglisch / Englisebeutsch

reaction scheme
reactivity
reactivity
reactivityseries
redox reaction
reducing agent
reduction
residue

safety rules
Sagarmatha
sediment
separation techniques
shielding gas
silver

silver oxide
sketch

sodium hydrogen carbonate
solar energy
solid

solubility
solution

solvent

spatula

Reaktionsschema

Reaktionsfahigkeit, vgl. auch Redoxreihe

Reaktivitat; Reaktionsfahigkeit

Redoxreihe
Redoxreaktion
Reduktionsmittel
Reduktion
Ruckstand
Sicherheitsregeln
Sagarmatha
Bodensatz
Trennverfahren
Schutzgas

Silber

Silberoxid
Versuchsskizze
Natron
SolarenergieSonnenenergie
Feststoff
Loslichkeit
LOsung
Losemittel

Spatel
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8. Vokabellisten Deutsciicnglisch / Englisebeutsch

states of matter
substance
sulphide
sulphur
sulphuric acid
suspension
sustainability
synthesis
system, closed
system, open
test-tube
thermal energy
to oxidise

to reduce
water

water vapour
Watesmo paper
weight

white copper syphate
wood

word equation

zinc

Aggregatzustande
Substanz

Sulfid

Schwefel
Schwefelsaure
Suspension
Nachhaltigkeit

Synthese (Bildung)

System, geschlossen

System, offen
Reagenzglas
Warmeenergie
oxidieren
reduzieren
Wasser
Wasserampf
WatesmaePapier
Gewicht

weilles Kupfersulfat
Holz
Wortgleichung

Zink
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9. Periodic Table of Elements
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