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Aims
� To promote science as a subject to young people, and to show the excitement 

of hands-on spectroscopy

� To provide a simple and versatile equipment to schools for the demonstration 

of optical spectroscopy

� A range of experiments to allow coverage of topic for Years 

7 to 13, (KS 3, 4 & 5)

� Full sets of equipment to be made available for free loans to schools

� Full teacher training and support will be available from University staff

� Funding

� RSC  have funded 5 sets of equipment under Chemistry: The Next Generation
scheme, Durham LEA have offered funding for 1 further set.  All sets will be located 
in North Eastern region for the next 18 months.

� RCUK and Durham LEA have supported teacher training courses, a further RCUK 
training course has been funded for April 2009.

� No industrial sponsors for the project at present – some interest has bee nshown
since launch.



What is in the Suitcase?

� White light source and optical fibre light guides

� Optical bench with diffraction grating and optics to demonstrate

spectrum

� Sample holder and cells

� Low cost spectrometer with laptop PC and control software, 

capable of measuring UV-vis absorption spectra

� Apparatus to demonstrate how fibre optics work

� Hand-held UV light source

� PowerPoint presentation of equipment and teachers notes for 

experiments suitable for Key Stage 3, 4 & 5

� Shipped to schools via courier in secure packing case for loan 

period of 1-2 weeks.
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Introduction

� What is in the suitcase?
� - optical bench and spectrograph

� - white light source, blue and green light emitting diodes

� - CCD spectrograph and laptop PC

� - fibre optics; optical fibres, wave guiding rods, water jet apparatus

� - UV light source (370nm)



Experiment 1: Understanding fibre optics

� The process of total internal reflection is demonstrated using a light emitting 
diode and a glass-rod and a jet of water.

� Learning outcomes
� Understanding total internal reflection and principles of fibre optic transmission of light



Experiment 1: Understanding Fibre optics

� The light from a  lamp is directed down a fibre optic cable.  The output of the 
fibre is demonstrated to be independent of the fibre orientation, and may be 
focussed into a tight beam of light.

� Learning outcomes
� Basic properties of fibre optics.
� Operation of light source and familiarity with optical equipment
� Transmission of light through an optical fibre

Important Note. The tungsten 
lamp runs off the 24V power
adaptor 



Experiment 1: Understanding fibre optics

� Teachers Note
� Fiber optics work on the principle of total internal reflection, acting as ‘hosepipes’ that light can travel 

along – even around corners -without loss.  This can be demonstrated using a column of transparent 
materials – in this demonstration we use a rod made of perspex and a stream of water.

� We use a LED light source – these are intense ‘lamps – do not stare into the lamp.  Place the LED in 
the plastic holder and the LED in the other end.  Connect the battery and see how the plastic rod is 
illuminated by the lamp – it is brightest at the points on the rod where there is dust or scratches, and 
at the end.  The perspex rod is moderately flexible – it can be bent slightly and shown that there is 
no change in light intensity with bending.

� The second demonstration uses a water jet.  Place the LED in the holder and connect ot he battery. 
Place a finder over the outlet hole and fill the container with water.  Holding the equipment next to a 
sink remove finger and allow the water to leave the nozzle as a stream.  Placing a hand in the 
stream will show a bright spot at the point of contact. 



Experiment 2: The Visible Spectrum

� A beam of white light is split into the visible spectrum by a diffraction grating.  The 
effects of rotating the grating are investigated.

� Learning outcomes
� White light comprises the colours of the rainbow
� Basic principles of diffraction – from observation of the spectrum when looking at a CD, to 

gratings used in scientific equipment. 
� The angle of diffracted light depends upon the angles of incidence and wavelength



Experiment 2: The Visible Spectrum

� Teachers Note:
� Everyone is familiar with the colours of the rainbow.  In the sky this is made by 

the refraction of sunlight inside droplets of water.  White light, that is light 
containing all wavelengths or colours, can be split into the rainbow by two 
process: refraction and diffraction.  Refraction occurs when light travel through an 
interface between two transparent materials of different refractive indices, 
exemplified by light travelling through a glass prism (See right the album cover for 
cover of Pink Floyd’s Dark Side of the Moon

� Diffraction occurs when light is shone on a patterned surface, such as found in a  
diffraction grating.  The surface comprises of many parallel lines etched into the 
surface, with a spacing between the lines of ca. 10-6 m.  This causes the 
phenomenon of diffraction (as opposed to refraction which is observed when light 
passes through a prism or raindrop).  

� Most people have seen this process with out realising!  If you look at a CD or DVD 
at certain angles you will see the colours of the rainbow.  This arises due to 
diffraction of room light by the surface of the CD – which comprise of many 
closely spaced tracks or dots or pits.  Under a microscope it is possible to see 
these as illustrated below.  A similar process leads to the beautiful iridescence of 
some butterfly wings, and the observation of colours from layers of oil on a 
puddle.



Diffraction – an aside

� Why do we see diffraction from the surface of a CD?
� surface of CD is made up of many tracks of tiny dots or pits 

in on the surface

20 µm d ~ 2 µm d ~ 0.5 µm

Holographic gratingCD



Diffraction – an aside

� As light is a wave we get interference when light from the same 
source goes through two closely spaced slits (Young’s slit expt) 
when the spacing between slits is close to the wavelength of 
light.

� Diffraction occurs when a light beam is scattered off a surface 
that has a series of closely spaced parallel lines.

θι θm λ
d(sin θm + sin θi) = mλ

d



Experiment 3: Absorption of light

� The effects of placing a coloured sample in the light beam are investigated

� Learning outcomes
� A coloured sample removes specific bands that form the spectrum – a fundamental 

concept in teaching spectroscopy
� Complementary colours, why plants are green  



Experiment 3: Absorption of light

� Teachers Note
� The sample used in this illustration is a dilute solution of potassium permanganate.  A wide 

range of inorganic salts can be used as can food dyes etc.

� We often use coloured cellophanes from sweet wrappers (e.g. Quality Street) or gels form 
theatre/stage lamps.

� You can easily prepare samples of leaf-extract, which show the absorption bands of 
chlorophyll (or even show how the difference between the spectra of chlorophylls and 
carotenes that can be easily separated using chromatography.

� This method shows the bands in a qualitative fashion – ie the purple permanganate solution 
absorbs green light but not blue or red.  We can be more quantitative but this requires us to 
define the colour of the light using its wavelength.  Wavelengths are normally quoted in 
units of nanometers, abbreviated to nm.  The fraction of light absorbed is best represented 
by the absorbance, which is a logarithmic expression.

� As a rough guide the wavelengths associated with the  colours are: red (700- 600nm), 
yellow (600- 580nm), green (580 – 490 nm), blue (480 – 450 nm) and violet 450 -390 nm).  
Note that light with a wavelength of less than ca. 390nm cannot be seen by the eye, and is 
referred to as ultraviolet.  This is discussed in further detail later on.



Experiment 4: Computer Aided 
Spectroscopy

� The grating and screen are replaced by a spectrometer that is linked to a PC that controls 
the instrument and displays the spectrum.

� A schematic diagram of the spectrometer is available for illustration.

� Learning outcomes
� Experience of computer based data acquisition
� Observed the spectral output of ‘real’ light sources
� Correlate wavelength and colour
� Elementary concepts of absorption spectroscopy
� Illustration of Beer-Lambert law, A = εּcּ l

� Applications in study of colour of transition metal chemistry



Experiment 4: Computer Aided 
Spectroscopy

� How to operate the CCD spectrograph:

� Click on the icon

Connect to the 
laptop via the 

USB port

Note.  The RedTide
requires no external
Power supply



Experiment 4: Computer Aided 
Spectroscopy

startstop

exposure time Dark and yellow light bulbs
for setting dark and 
reference spectra



Experiment 4: Computer Aided 
Spectroscopy

� Teachers Note
� The RedTide spectrometer provided with the kit is a small version of the optical bench 

– it has a small set of mirrors and a diffraction grating to separate the different 
wavelength, and a CCD camera – a bit like the ones found in scanners or mobile 
phones to detect the intensity of each wavelength.  The total package is referred to a 
a spectrometer.

� The spectrometer is controlled by the PC which reads out the intensity/wavelength 
data and displays it on the screen.  This process is very rapid: it can grab a spectrum 
every 2 ms if you like!

� Note that when operating in the ‘S’ mode the spectrometer is giving a readout of 
intensity of light at each wavelength.  This is not a nice flat line for two reasons:  the 
light sources used in our world do not give equal amounts of light at each wavelength 
(far from it, compare a fluorescent light tube and natural day light), and the cameras 
response or sensitivity  to each wavelength is different.  This is not a problem.  If the 
signal is seen to go to ca. 4000 and flatten off this is due to saturation – it won’t 
damage the camera but it means that the intensity plot is no longer reliable so you 
need to reduce the light intensity by reducing the integration time or reducing the light 
intensity using the adjustment screw on the lamp housing  to bring it back on scale.



Experiment 4: Computer Aided 
Spectroscopy

� The effects of introducing a coloured sample into the light path
is investigated.  Once the effects are observed an absorption 
spectrum is measured.  The change in absorbance with 
concentration can be determined.

� Steps:
1. Measure blank spectrum

(cuvette with solvent)

� 2. Store as reference (click on the lamp)
� 3. Click A to absorbance mode
� 4. Measure!



Experiment 4: Computer Aided 
Spectroscopy

� Teachers Note
� Absorbance is a quantitative measure of how much light is absorbed.  The absorbance at a particular 

wavelength λ is given by, A = log10 (I0/It), where I0 and It are the intensities of light passing through 
a blank or reference cell and the sample cell respectively. 

� In practice this means setting the exposure time for the experiment using the cell full of clean 
solvent. Then block off the lamp and taking a ‘dark current’ reading by clicking on the blacked out 
light bulb icon.  Turn on the lamp and record the intensity v’s wavelength spectrum of the reference 
cell and click on the yellow light bulb icon.  Now click on the ‘A’ and the spectrometer will record the 
absorbance as a function of wavelength.  For the reference cell this will be a line centred around 
zero, but there will be noise at short and long wavelengths.  When the cell is replaced by the sample 
the absorbance spectrum is seen.  The spectra can be saved to disk and transferred to another 
programme for processing/plotting out – e.g. Excel.



Experiment 5: Why is the sky blue and 
the sunset  red ?

� White light is passed through an acidified solution of sodium thiosulfate.  The 
colloidal sulfur produced in this reaction scatters blue light and makes the 
transmitted light increasingly red, mimicking scatter in the atmosphere.

� Learning outcomes
� Process of light scattering
� Understanding the origins of the blue sky and red sunset.



Experiment 5: Why is the sky blue and 
the sunset  red?

� Teachers Note
� The scattering can be demonstrated using an acidified solution of sodium thoisulfate.  Prepare a 

solution of sodium thiosulfate in water (1g in 500ml).  Fill a beaker with ca. 50ml of this solution and 
when you are ready to start the demonstration add 2ml of 5M hydrochloric acid to the solution 
mixing well.  Now fill the cylindrical cell with the solution and place it in the cell holder with the white 
light passing through it onto the screen.  Over a period of ca. 3-4 mins the solution generates 
elemental sulfur, which forms as a colloid.  The small particles of sulfur scatter the light, giving it a 
milky appearance.

� The intensity of scatting is related to the wavelength of light – for the particles forming in the 
solution blue light is scattered more than red, hence the scattered light has a pale blue hue to it. The 
transmitted beam then takes on a yellow – red hue.   This is why the sky is blue – scattering from 
the atmosphere above our heads is blue.  At sunset the suns rays are passing at a low angle to the 
surface of the earth, making the pathlength of the light in the atmosphere very long.  As a result the 
sun  - and sunset -appears red

� Note that the scattering solution should be emptied out as soon as possible to avoid the settling of 
the sulfur in the cell – its very hard to remove!



Experiment 6: Fluorescence and 
phosphorescence

� Many samples emit light when excited by a UV light source.

� This is the phenomenon of luminescence  - excited states relaxing back to the 
ground state giving out the excess energy as light.

� Examples include: 
� paper and fabrics (blue whiteners added to make them ‘whiter than white’
� Money – notes (particularly Euro’s) have fluorescent dyes to make counterfeiting more 

difficult.
� Envelopes – orange markers are phosphorescent inks used to encode the postcode and 

other details on the post to allow machine reading in the sorting office.
� Also postage stamps have markers to allow machine reading.
� Gem stones

� CAUTION - The UV source emits UV radiation.  Do not stare into the light source 
and keep away from eyes 

� Learning outcomes
� Understanding of fluorescence
� Applications of light in the ‘real world’

� Note: The UV LED has a 7.5V power supply.  
Ensure you use the correct unit!



Experiment 6: Fluorescence and 
phosphorescence

� Teacher Note
� As you will see form the pictures below many items fluoresce.  Phosphorescence is less commonly 

encountered, and is different from fluorescence in that the lifetime of the emission- i.e. how long it 
takes of the emission to die off after the light source is turned off – is much longer.  Typically 
fluorescence has a lifetime of nanoseconds – a billionth of a second!  Phosphorescence on the other 
hand can persist for many seconds.  This can be illustrated with an RSC Glow in the dark pen.

� Envelopes and stamps use phosphor dots to encode information on them: this allows the machine 
reading the postcode etc can differentiate between the intended markings and the background 
fluorescence form the paper etc.

Euro note

Ruby and Weardale fluorspar

Budgerigar feather
Stamp and envelope



Health and Safety

� We have tried to reduce as far as possible the use of hazardous 
materials.  We recommend that the schools carry out an 
individual risk assessment prior to allowing pupils access to the 
equipment.  We can provide further advice on request.

� All of the equipment is powered at low-voltage, using main 
adaptors.  Normal rules of these electrical appliances should be
followed.

� The LEDs and UV-LED lamp are deceptively bright – do not 
stare into the beam or expose the lamps to the skin for 
extended periods and keep at least 50cm away from skin. 

� Where using chemical samples for experiments it is the schools 
responsibility to carry out an appropriate risk assessment.


