The Carbon Cycle in Animate Nature

Ein photochemisches Modul fiir den bilingualen Chemieunterricht

Kontakt: brunnert@uni-wuppertal.de

1. Ausgangslage 4. Forschungsdesign — Ubersicht zentraler Forschungsfragen
(a) Inwiefern gibt es Bedarf an photochemischen Inhalten im bilingualen
Chemie- bzw. Biologieunterricht?
(— Fragebogen an Kolleginnen und Kollegen in Deutschland (Chemie-BU)
und NRW (Bio-BU))
(b) Welche Unterschiede gibt es hinsichtlich des Lernzuwachses zwischen
Schiler*innen ohne und mit bilingualem Unterricht?
(— Concept Mapping [15] in Kombination mit lautem Denken [16])
(c) Wie bewerten die Schiler*innen das Modul?
(— Gruppeninterview nach vorgegebenem Leitfaden [17])

Den aktuellen Forderungen nach zeitgemaflBer Unterrichtsentwicklung [1]
mochte dieses Vorhaben insofern nachkommen, als dass innovative und experi-
mentelle Materialien fur den bilingualen Chemieunterricht konzipiert, auspro-
biert und ausgewertet werden sollen. Da die Weltgemeinschaft sich zzt.
Herausforderungen wie beispielsweise der Energiewende stellen muss, liegt die
Auseinandersetzung mit Photoprozessen, also lichtinduzierten chemischen Re-
aktionen, auf der Hand. Das Thema ist also gesellschaftlich relevant [2]. Bei der
internationalen Zusammenarbeit spielt die lingua franca Englisch eine entschei-
dende Rolle, weshalb es nur konsequent erscheint, den Schiiler*innen gerade in
bilingualen Lehr-Lern-Situationen das notwendige RUstzeug anzubieten. Das
soll unterrichtsnah erfolgen, da das Thema Photochemie in Schulen noch nicht
als etabliert betrachtet werden kann. Die Unterrichtsnahe kann am einfachsten
durch leicht integrierbare, lehrplankonforme Inhalte erreicht werden, die durch

ihr didaktisches Potential Uberzeugen - und beides ist hier zweifelsfrei der
Fall [3]

5. Beispiele fiir iibersetztes Photo-Like-Material ([8])

Sek. | Photo-Blue-Bottle Sek. |

A model experiment for matter- and energy-conversion

Colour is (not) a characteristic material property

required previous
knowledge

required previous knowledge oxidation and reduction (gain and loss of oxygen) composition of air chemical equations | photosynthesis (biology, elementary level) Introduction and|part.one: none. | Part two: basic particle model

Es geht also im Kern darum, das Potential der Sonne als Energiequelle

The Photo-Blue-Bottle-Experiment
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te Zustand von Molekulen, der den Kristallisationspunkt der Photochemie
darstellt [5].

Finished? An assignment for the quick ones: [] The reaction cycle YELLOW — BLUE - the stored in the blue solution is Colour - part one Colour - part two
Bl AN CEEEATIEE | Er A2 G < el YELLOW runs only two times. Experiment: There are two solutions: The first one is an Experiment: Irradiate each of the test tubes, which all

A4|B3 In a chart or in a mind map, collect all forms of released. This process simulates
energy you have already come across in your science

classes. Add an application example ("In which process is
this form of energy being used?"). Specify the function of

the respective energy form. Add a title to your diagram.

extract from green leaves, the second one is a B-carotene || contain the same substance in different solvents, with a
solution. Observe and write down the colours of the UV-LED torch for one minute. Write down the resulting
solutions a) in daylight, b) when being irradiated in the colours immediately after the irradiation.

dark with a UV-LED torch, and c) when being irradiated in
the dark with a green LED torch.

Observed colours:

D The reaction BLUE — YELLOW requires oxygen. The e

I:l The forward- and backward-reaction in the
Photo-Blue-Bottle-experiment simulate the
natural photosynthesis-respiration-cycle.

The reaction cycle YELLOW — BLUE only takes
place if the temperature is above 5 °C.

from substances serves as an energy

source for animals and plants, which need it for their growth. Colour of the irradiated solutions:

Hint: When working with a mind map, use different xylene-solution  acetone-solution ethanol-solution

colours for energy form, application, and function.
Create a legend.

B2 By creating a list of the model experiment'’s advantages
and disadvantages, assess it.

light source daylight green light UV light

green leaves

2. Forschungsvorhaben

Dieses Vorhaben gliedert sich in vier Teile. Im ersten Teil geht es um eine Be-

I

Basic experiment (E1) and analysis assignments (A1-A4) for all groups

Group M: Luminescence within a matrix
E3 Place 5 g tartaric acid each in two test tubes and heat them carefully with
the roaring blue flame of a burner. As soon as you observe a
highly viscous melt, add a) 1 mg fluorescein, and

Group S: Luminescence within a solution

E2 Dissolve 5 of mg spiropyrane each in three different test tubes in 5 mL of
xylene, acetone, and ethanol, respectively. Irradiate each of

the three solutions with the violet LED torch in the
dark for one minute. Look at the solutions in the
daylight and identify the resulting colours.

Note down all your observations.

b) 5 mg esculin. Twist and turn the test tubes so
that the melt spreads the inside wall and let it
freeze. Then irradiate the samples with the

E1 Prepare the following solutions:
a) approx. 1 mg of fluorescein sodium salt in 30 mL
water, b) approx. 5 mg of aesculin in 30 mL water, and
violet LED torch in the dark at different

H,C §H, merocyanine <) dissolve. the content .of a ﬁ—carotene ca.psule .in 30 mL |
Noz NO, n-heptane. Irradiate the solutions in the dark with a violet LED torch temperatures: i) at room temperature,
M\ I .C, s : 2 . .
N o _&ht O and note down your observations. ii) at approx. 0 °C (use iced water),

cH, ermy energ iii) at approx. 70 °C (use a hot water

B-carotene

Further Experiments online:
“Crying chestnut twig” and
“Glowing marker pen”.

A2 Decide whether the statements are true or false. Gie
reasons based on your observations in Al:

I:l The colour of an object does not depend on the light
colour the object is irradiated with.

When being irradiated with sunlight, objects absorb
light. Accordingly, these objects can only show a colour
that is contained in the sunlight spectrum.

D When being irradiated with light from the UV-LED
torch, objects produce a luminous colour (fluorescence)
by emitting light. This emitted light is contained in the
light spectrum of the UV-LED torch light.

D A luminous colour is produced when substances
transform high-energy light into low-energy light

A3 After the irradiation, all three solutions contain the same
dissolved substance called merocyanine. This substance has
been produced by supplying light energy. Draw particle
models for the two solutions. Use a circle for each particle
and label each circle with a letter (x, a, e, m) for the re-
spective substance (xylene, acetone, ethanol, merocyanine).

l particle model l particle model

A4 Observe the colour of the two solutions three minutes
after you have switched off the lamps. Name the differences’
and then make suggestions how to explain these differences.

A5 “The colour of a substance is a characteristic property of
this substance.” Assess this statement by taking into consid-
eration all experiments and analyses from this worksheet.

¥ a1 bath).

spiropyrane on,

standsaufnahme, welche (photochemischen) Inhalte in Deutschland zurzeit be-

: : e - | e RCCEERINIEET o
deutsam sind und welche photochemischen Inhalte sich fir den bilingualen F e S - 0

Solvatochromism

The solutions of the same substance in different solvents differ in colour

Sek. Il

Compare the structural features of the three molecules. Then assess to what extent .
intramolecular rotation and intramolecular vibration are possible within the respective =~ M1 Watch the German tutorial
molecule’s chromophore. “Photolumineszenz”. Assign the

Unterricht Chemie eignen. (Parallel Wirc!. bereits vorhandenes, deutschsprachi-
ges Material fur die englischsprachige Offentlichkeit Ubersetzt und publiziert,
um eine inhaltliche sowie terminologische Einarbeitung in die Themenbereiche

required previ- intermolecular | chemical electron light spectrum and | chemical | molecular struc-
ous knowledge forces (IMFs) | equilibrium | energy diagram | light absorption polarity | ture and colour

=

x Y x LUEL

AE, AE,  AE,

two luminescent phenomena
y A2 Conduct some research into the reasons why f-carotene does not show any fluorescence  from E3 to the technical terms
/) i while chlorophyll does (refer to the German computer animation ‘Ein Fall fir Zwei’). ‘fluorescence’ and
550 600 650 700 750 800 Moreover, check to what extent your findings are applicable to your observations in E1.  ‘phosphorescence’ and draw
R 0 ol energy level diagrams in
explanation of them.

light spectrum and | molecular structure

light absorption

Basic experiment and analysis assignments for all groups

Group 1: Structure and colour Group 2: Energy level diagram

S1 Mark the chromophore as well as auxochrome(s) and absorbed part of E
" . the visible spectrum

anti-auxochrome(s) in the structural formulae of

spiropyrane and merocyanine. Give reasons for the fact

that the dissolved spiropyrane is colourless.

Photoluminescence

luminous colours (fluorescence and phosphorescence)

tE E
A3 Compare the two given energy level diagrams =

L LUEL
and assign them to the p-carotene, the aesculin,
. B
. N
i El iﬂ HOEL

S2 Draw formulae showing the
intermolecular interactions within

electron
energy diagram

and the fluorescein molecule. Give reasons for
your decisions. Hint: The horizontal lines

three different solutions. Name the
intermolecular forces between a

M2 In comparison with the emitted
photons during fluorescence, the

2
1
- - M M M M - 2 M = merocyanine-molecule and the represent the allowed molecular vibrational ones emitted during phosphores-
Z u gewa r e I S e n u a S I S I e S e r rge n I S S e W I r Ze I ge l I I a eS p O O C e I I I I - S |respective solvent molecules. states within the same energy level. cence have undergone a bathochro- 52
° o2 HOEL mic shift (‘red shift’). Explain this obser- N
gy S3 Conduct some research regarding the A4 The two following pairs are taken from the above energy level vation by means of your findings in M1. . Tl T T T T W g 400 450 500 550 600 650 Ainnm  solvent molecules
% 5 diagram on the left (cf. A3). Fill in the box with either ‘>’ or ‘<’: p-carotene

E1 Assign the three absorption maxima of merocyanine
to the three used solvents. Give reasons for your choice.

sches Unterrichtsmaterial nach den aktuellen Erkenntnissen des bilingualen
Lehrens und Lernens entwickelt, wobei steinbruchartig auf oben genanntes Ma-
terial zuriickgegriffen wird (Teil zwei). Im dritten Teil wird zundachst das Modul in
der Schule ausprobiert und vor dem Hintergrund des Lernzuwachses fur unter-

schiedliche Lerner (mit bzw. ohne bilinguale Vorerfahrungen) reflektiert. Ab- | The Photo- Blue ot Eperimen - T e
Analysis A Analysis B — O N IG_ . % O Né / I6?

M3 Explain why a cold sample
phosphoresces longer than a warm one.

B D NS D A, The orange f-carotene absorbs blue light (A = 444 nm)
and the blue merocyanine absorbs yellow light
(A= 600 nm). Compare the length of the chromophore E2 With the help of E1, draw the highest occupied en-

ergy level HOEL for the merocyanine-molecule in

each of the three solutions into the right
Experiment diagram.
Dissolve 5 mg of spiropyrane in
three different test tubes in 5 mL of xylene,

acetone, and ethanol, respectively. Irradiate each
of the three solutions with the violet LED torch for one
minute. Note down all your observations and store the

samples in a dark place.

concept of ‘particle aggregation’. By

means of your findings, justify why '
the three solutions show

different fluorescence -

intensities. M4 Interpret the function of the tartaric acid in E3 by
merocyanine | I

referring back to your observations.

Sek. I

in the two molecules and deduce the influence of
the auxochrome(s) on the light absorption.

required
knowledge

S3 Draw a resonance structure of
the given merocyanine
zwitterion and assess which
of the two resonance
structures is more likely

to be found in a polar

Photo-Blue-Bottle solvent,

A model experiment for the carbon cycle in animate nature

E3 Carry out some research
into the concepts of batho-
chromic and hypsochromic
shift as well as the con-
cepts of positive and

negative solvato-

Sek. Il (Bio & Ch)

1 1 1 1 1 1 » . : E1 Using the provided material (hot ]| Contents: B1 in the model experiment in nature
schlieBend wird im Teil vier die Schilerperspektive untersucht un ie o S a2 A
colours, UV torch), explore how to (EV2", PF, W “, C1 Formulatea CH,  [colourless] Hs " fcoloured] formulae showing
drive a chemical reaction in the EDTAY) 3 b chemical equilibrium the intermolecular
. . . vial. This becomes evident when a + water m = constant for the Identify the differences between the two molecules spiropyrane and interacions within
e l I l Otl O n a = a e tl Ve KO I I l p O n e n te re e tl e rt blue substance generated in the +air spiropyrane-merocy- merocyanine. Use the following attributes and explain your the three different
° 1 anine-equilibrium. decisions: molecular formula, chemical polarity, length of solutions. Doing so,

chromophore, molecule's planarity. include and name the

reaction becomes visible within the yellow solution. u
C2 In the dark, chemical
equilibria have been reached

in the three different solutions.

intermolecular forces
between a merocyanine-
molecule and the respective
solvent molecules.

Hint: colours within the visible light spectrum
Lij

high in energy low in energy

A3 Develop a hypothesis for the explanation of
the different colours of the three
solutions.

Estimate the ratio of the merocyan-

ine molecules, which are responsible

for the colour of the solution, in xylene and
ethanol. Afterwards, formulate a rough mathematical re-
lation between the two equilibrium constants (“bigger
than”/"smaller than”).

N2 Look again at the solutions which have
been stored in a dark place after the irradiation in the
basic experiment. On the basis of the colours decide
whether there is only spiropyrane within the solutions -
or if there is some merocyanine, too.

E2 Is the statement rue or alse?
Test your decision by either conducting or

Using the tutorial ‘Photosynthese - ein Fall fiir Zwei:
Teil 1’ explain the colour changes of the PBB solution.
Then describe the accompanying energy transformation  suggesting an appropriate experiment.
during one reaction cycle (Yellow — Blue — Yellow).

In order to take place, the reaction Yellow (Solu-
tion) — Blue (Solution) requires supplying energy. Name the substances and cycles within the two figures
(fig. 1: model experiment; fig. 2: photosynthesis/cellular
respiration).

C3 Measure the time the spiropyrane-merocyanine-equi-
librium in xylene needs to settle after switching off the N3 Formulate a ‘The ..., the ...-statement in order to point
violet LED torch. How much time will the same solution out the correlation between the polarity of the nano-
need at 0 °C and 50 °C? Propose a hypothesis and test it environment, i.e. the solvent molecules, and the

out by way of experiments. stabilization of the merocyanine-zwitterion.

Group 3: Chemical equilibrium Group 4: Nano-environment

A2 Give reasons why the PBB-experiment serves as a
suitable model experiment for the natural cycle of

photosynthesis and cellular respiration. The reaction Yellow = Blue does not work with

any given light from the visible spectrum.

3. Material- und Modul-Entwicklung

A3 Assess the extent to which the PBB-model
experiment serves as a simulation of the natural cycle of
photosynthesis and cellular respiration. Doing so,
develop a set of criteria that help you create an overview |:| The reaction cycle Yellow — Blue = Yellow runs
of its benefits and limits. only two times.

B2 Name all forms of energy involved within the natural
cycle of photosynthesis and cellular respiration. Then
describe the conversion of energy during said processes.

The reaction Blue — Yellow requires only kinetic
energy.

B3 Explain the reasons why the PBB experiment constitutes
a suitable model experiment for the natural cycle of photo-

I:l The reaction Blue — Yellow requires oxygen. synthesis and cellular respiration. Then point out its limits.

Ad(ditional assignment for biology classes:

A4 Imagine you are a biology teacher for lower
secondary classes and you want to use the PBB-model
experiment. Reduce the complex cycles in the tutorial
for your purpose (see also the diagrams in B1). Use the
following terminology: low-energy substance, high-energy D The reaction Yellow — Blue only takes place if
substance, light, photosynthesis, cellular respiration, oxygen, the temperature is above 5 °C.

yellow/ blue solution.

The PBB-reaction cycles correspond to the
natural reaction cycles of photosynthesis and
cellular respiration.

Additional assignment for biology classes:

B4 There are different ways to model the natural cycle of
photosynthesis and cellular respiration. One possible way is
depicted in fig. 2. Based on your previous knowledge and the
findings in B3, develop fig. 2 further.

Im ersten Schritt wurde aktuelles, von Yasemin Yurdanur entworfenes Photo-
Like-Material [6, 7], in die englische Sprache tGibertragen und online der chemie-
didaktischen Gemeinschaft zur Verfigung gestellt. So sind sieben englischspra-
chige Arbeitsblatter entstanden, die folgende Themen umfassen, hier mit den
deutschen Kurztiteln: (a) Farbe - (k)eine charakteristische Stoffeigenschaft, (b) Stoff-
und Energieumsdtze: Photo-Blue-Bottle-Modellexperiment, (c) Kohlenstoffkreislauf in e
der belebten Natur: Photo-Blue-Bottle-Modellexperiment, (d) Energieumwandlung a
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