Supporting Practical Science, D&T and Art

- in schools and colleges

Chloroplast absorption spectra using the CLEAPSS (Open-
frame) colorimeter (DRAFT)

Why do this?

To help students understand how the different pigments presentin chloroplasts absorb different
wavelengths of light (the absorption spectrum)

To allow investigations of the variability of absorption spectra of plants harvested from the
environment

To help students understand the use of a colorimeterto analyse the spectrum of incidentlight
Possible curriculum links:

Biochemistry of photosynthesis, Light Dependent reactions

Adaptation of plantsto lighting conditions in different parts of the environment

This Practical Procedure draws on information from the following guidance
¢ GL192 A technical guide to settingup and usingthe CLEAPSS colorimeter
¢ GL174 Make it guide —DIY Colorimeter

o CLEAPSSvideo “Settingup aDIY colorimeter”

« Hazcard 40A (ethanol)

Suitability
Y12/13

Outline method with control measures

Use fresh leaves, here Pelargonium sp. (geranium) and Tradescantia sp. leaves were used. The practical
involves heating plantleavesin ethanol, weareye protection and heat waterin a kettle, to avoid use of
naked flames.

This practical procedure is made up of 3 elements
1. Extractingchloroplast pigmentsinto ethanol

2. Usingthe CLEAPSS Open-frame colorimeterto find the relative transmission of light froma
range of single wavelength LEDs

3. Usinga Spreadsheetto calculate the absorption spectrum of the chloroplast extract

Pelargonium (commonly
known as Geranium) and
Tradescantia were selected
inthisinvestigation, as they
have contrastingleaf colours

Pelargonium Tradescantia
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Procedure 1 - Preparing chloroplast extracts

Place a leaf fromthe plant
intoa 250ml beaker.
Pouron hot watertaken
from a freshly boiled electric
kettle, tothe 150ml mark.
Leave inthe boiling water
for 30 seconds

The boilingkills the cells and
softensthe cell walls.

Use forcepstoremove the
leaf from the water, and to
place theleafina boiling
tube.

Add ethanol tothe boiling
tube so that the leafis
completely covered.

Place the boilingtubeinthe
beaker of hot water.

The beakershould be leftfor
5 minutes, to allow the
ethanol todissolve the
pigments fromthe leaf.

Pelargonium

Tradescantia

Use a pipette tofilla
colorimetercuvettewitha
sample of the chloroplast
extract

Pelargonium

Tradescantia
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Procedure 2: Using the CLEAPSS Open-frame colorimeter to find the absorption of
different light wavelengths by chloroplast pigments

This activity can be carried out usingthe CLEAPSS DIY colorimeter, see the following CLEAPSS resources:
e the CLEAPSSvideo:Settingup a DIY Colorimeter
e the Open-frame colorimeterin GL192 Setting up and using the CLEAPSS colorimeter
e GL174 Make it guide:the DIY colorimeter

Samplein
The CLEAPSS colorimeter uses a pair of LEDs. One | | 4 cuvette LED light
acts as a lightsourceand the other as alight detector
detector. ' , ;
The light produced by the emitter LED is LED light

emitter

transmitted through the cuvette, and this light
produces a voltage thatis read on the voltmeter.

For absorption spectra, use an IR LED (850nm, 5°)
as a light detector.

A full range of LEDs will beused as light emitters.

(see GL174 Make-it Guide, for details of
components).

Placeasinglespectrum LED emitter oppositethe
detector LED, inthe LEGO holder.

Placeanabsorbentnon-reflective cover over the
detector LED, to exclude ambient light.

Placethe cuvette containingchloroplastextract
into the slotinthe colorimeter, and obtaina
voltmeter reading.

Use the shortest peak wavelength LED as the first
emitter, andthen replace this emitter with others
of longer wavelength.

Obtainreadings for all theavailableLEDs, ensuring

that you cover the range 450-470nm (blue) to 625-
650 nm(red)) (Vs). If possibleusesome LEDs
outsidethis range.

Cuvette containing Cuvette containing equivalent
chloroplastextract ethanol & water mixture.

For each readingwith a chloroplastcuvette, obtain
another for a cuvette containingjustthe solvent
(ethanol) (Vo).

Calculatevalues of Relative Absorbance (RA) for )
each sample. Relative absorbance=Log;g \T//g
For full details of this calculation see the technical ’
guide GL192

You could set up a spreadsheet to do the V, = voltage for reference cuvette (ethanol only)

calculations for you. V= voltage for sample cuvette

Plota graph of wavelength of LED emitter (x axis)
vs Relative Absorbance (y axis)

This documentisintended to s upport teachers when planning practical activities. It is not designed as a worksheet for classroom use.

PPXXX ©CLEAPSS’, The Gardiner Building, Brunel Science Park, Kingston Lane, Uxbridge UB8 3PQ
Page 3 of 2 Tel:01895 251496; Fax: 01895 814372; E-mail: science@cleapss.org.uk; Web site: www.cleapss.org.uk




Results from our trials

Pelargonium absorption spectrum

2.2
2 ? S

1.8 Y *

1.4

Relative absorbance
[N
()}
»

1.2

1 T T T T T
350 400 450 500 550 600

Wavelength of emitter LED (nm)

650

Tradescantia absorption spectrum
0.45

0.4 *
0.35

0.3

0.25

0.2

0.15 L 2
0.1 ? S R 2 A

Relative absorbance

0.05

0 T T T T T
350 400 450 500 550

Wavelength of emitter LED (nm)

Conclusions

The two spectraboth show strong absorbance inthe 450nm (blue) end of the spectrum, with very little

absorbance in the 500-600nm mid spectrum.

The Pelargonium spectrum shows greater absorbance in the 600-650nm part of the spectrum (red ), and
the Tradescantiashows more absorbance in the UV (400nm) part of the spectrum.

The results explain the yellow/green colour of the Tradescantia extract, compared with the blue/green

colour of the Pelargonium extract.

The differencesin absorbance patterns may reflect the more shady conditionsin which Tradescantiais

found relative to Pelargonium.
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Biology notes
The pigments foundin plantchloroplasts act as an antennaunit, with associated ATP generating enzymes.
Collectively these form Photosystems 1and 2.

The absorption spectra of the extracts shown here indicate that 450 nm absorbance isfound widely, but UV
absorbance islesscommon.

Students canresearch the implications of theirfindings to efficiency of photosynthesis.

Suggested apparatus and materials Apparatus and materials notes

o Pipettes o CLEAPSSvideo Setting up a DIY colorimeter
o Forceps o GL 192 The CLEAPSS DIY colorimeter

e 250ml glass beakers o GL174 Setting up a CLEAPSS DIY colorimeter

« Hotwater

» Boilingtubesandracks

« Ethanol

e Cuvettes

o CLEAPSS Open-frame Colorimeter
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