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Chemistry for our Future 
 

This kit is part of a wider project, intended to promote chemistry to the 
next generation of students. This part of the project puts spectrometers 
into schools to allow pupils to experience “hands-on” chemistry with state-
of-the-art equipment. 
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Spectroscopy in a Suitcase Contents 
 

This guide aims to give all the guidance needed to use this equipment. The 
first set of instructions are designed to be a quick reference to using the 
equipment, whilst the additional information gives clearer guidance and 
some of the background theory to each experiment. 
The information is also in powerpoint form on the laptop, click on the 
“spectroscopy in a suitcase” icon on the desktop. 
The equipment is packed into the box in the foam supports. Below, the 
objects are shown in the box. Please ensure they are repacked in the same 
way to protect the kit. 
The equipment is placed in the box in 3 main layers. 
 

 
Base Layer 

 
 
 

 
 

UV-LED 

Red-Tide USB  
spectrograph + lead 

Power supply  
for UV-lamp 

Power supply  
for PC 

Power supply  
for white light  
source 

White light  
Source (Tungsten/ 
Halogen Bulb) 
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Middle Layer 

 
 
 
 
Top Layer 

Laptop PC LED’s and battery ‘Wand’ 

Two fibre  
optic cables 
(loosely coiled) 
400µm and 200µm 

Optical bench  
(assembled) 

Water jet used  

For fibre-optic demonstration Box with glass cell for light 
scattering 

-FRAGILE! 

Cell holder for light 
 scattering cell  

NB post above it 
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Experiment 1 – Fibre Optics 
 
Objectives 

• To demonstrate the principle of Total Internal Reflection with Fibre optic cables 
and water jets.  

• To become familiar with the equipment used for further practicals. 
 

Assumed Prior Knowledge 
• An expectation to see light travelling in straight lines, and previous knowledge of 

Refraction and Reflection 
 

Equipment required from Suitcase 
• Water Jet Column 
• LED bulbs 
• Battery 
• Perspex Rod 

• Fibre optic cables 
• White Light source + Power supply (Activity 3 only) 

 

Equipment to Provide 
• Water, Sink or Bowl 

 

Suggested Activities 
• Waveguiding with Water jet. Fill the water column, holding the hole 

at the bottom closed. Plug an LED into the battery and insert it into 
the column, the water inside should light up. Allow the water to flow 
out of the column, it will be lit up as the light is guided by the water. 
If you place a hand or other object into the stream, a bright spot will 
appear at the point of contact. 

 
• “lightsaber” with Perspex rod. Screw an LED 

into the rod, and attach to the battery. The 
rod will light up. The Perspex rod is flexible 
and so can be bent a reasonable amount, and 
the light will remain in the rod. 

  
• Waveguiding with fibre optic cable. Plug the 

light source into the mains, and screw the 
fibre optic cable into the source. The light will be visible coming out 
the other end, as in a similar way to the rod and the water the light is 
guided by the cable. 
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Experiment 2 – Visible Spectrum 
 
Objectives 

• To demonstrate the splitting of white light into its colours 
• To observe the action of a diffusion grating on a beam of white light 

• To explain the effect of changing the angle of diffraction on the angle of 
incidence and the spectrum produced. 

 
 
Equipment required from Suitcase 

• Optical Bench 
• White Light source and powerpack 
• Fibre optic cable 

 

Setting Up 
 
            Focusing Lens and  
                 Fibre adapter 
Fibre Optic Cable                          White Screen                    Diffraction Grating 
                               Sample holder                           Lens 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
The fibre optic cable passes through the hole on the left of the bench, and screws into 
the sample holder as shown above. The other end of the cable screws into the white 
light source. 
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Experiment 3 – Absorption Spectroscopy 
 

Objectives 
• Demonstration of absorption of a specific part of the visible spectrum 
• Demonstration of how the absorption of one colour will leave an object 

appearing in a complementary colour. 

• To demonstrate a fundamental concept in spectroscopy – that a 
coloured sample removes a specific set of wavelengths from the visible 
spectrum 

 
Equipment needed from Suitcase 

• Optical Bench 
• White light source + power pack 
• Fibre Optic cable 
• Cuvettes 

 
Equipment to provide 

• Suitable absorbing samples, e.g. Potassium Permanganate, Beetroot 
Juice, Extract of Grass in Methanol (Chlorophyll) 

 
Set up 

• As Experiment 2, samples of solution are placed in cuvettes in the 
sample holder on the optical bench. 
 
 
 
 
 
 
 
 
 
Suggested activities 

• Use cellophane or coloured samples to demonstrate which regions of 
the spectrum are absorbed by different coloured materials. This could 
lead into a discussion of why colours appear as they do – because 
they are absorbing certain wavelengths of light and transmitting the 
others. 
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Experiment 4 – Computer aided absorption 
spectroscopy 
 

Objectives 
• To experience computer based data aqusition, and to become familiar 

with the software 
• To observe the spectral output of light sources 
• To correlate wavelength and colour 
• To observe the absorption of certain wavelengths by coloured 

samples 
 
Equipment needed from Suitcase 

• Optical Bench 

• Fibre optic cables (2) 
• White light source + power supply 
• Laptop  
• Spectrometer + USB cable 

 
Equipment to provide 

• Coloured samples to measure, (If KS5 in a variety of concentrations) 
EG Potassium Permanganate or Chlorophyll in Methanol. 

 
Set Up 

• Use the sample holder on the optical bench. Attach the fibre optic 
cables into the holder. Attach one cable into the spectrometer and the 
other into the white light source. The 400µm cable should connect te 
light source and the sample holder and the 200µm should connect 
the sample holder to the spectrograph. 

 
 

400µm 
 
 
 
 
 
 
 

• Plug the USB cable into the computer and the spectrometer. The 
spectrometer needs no external power supply. 

200µm 
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• Load the “SpectraSuite” programme on the desktop. 
 
• The spectrum shown will be that of the halogen lamp. If the line 

reaches approx 4000 and levels off, the spectrometer is saturated, 
and the readout will not be reliable. To adjust this, reduce the 
intensity by either reducing the integration time or reducing the 
intensity by adjusting the screw on the lamp housing to bring it back 
to scale. 

 

• Most chemists would use an absorption spectrum (ie a plot of 
absorbance as a function of wavelength)– to show this spectrum on 
the computer save a reference by clicking on the yellow lightbulb and 
a dark spectrum by turning the lamp off and then clicking on the dark 
bulb. Then choose the type of spectrum you want.{A – Absorbance, S 
– Spectrum (Intensity Vs Wavelength), T - % Transmittance} 

Further guidance on using the software can be found in the 
additional guidance section at the back. 

 
Suggested Activities 

• Observing the spectral output of the white lamp on the computer 
programme. Compare the diffraction pattern produced on the screen 
with the spectrum to equate wavelengths to colours. 

 
• Comparison of the spectral output of different light sources. The 

spectrum produced by natural light and that by a fluorescent bulb is 
very different – unplug the cable from the sample holder and point it 
at a variety of light sources – the spectrum produced will be 
noticeably different for each light source. 

 

• Observing Absorption. Connect to the white light source, store a dark 
and reference spectrum (described above) and set the programme to 
show an absorbance spectrum. Place samples of different colours in 
curettes in the sample holder and the spectrum will show which 
frequencies are being absorbed. The inverse spectrum can be shown 
as the Transmission spectrum. 

 
• KS5 – Demonstration of the Beer – Lambert Law (A = Є.c.l ) is 

possible by examining the spectra of the a sample at different 
concentrations. 
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Experiment 5 – Why is the Sunset Red? 
 
Objectives 

• To demonstrate the scattering of light, and use this to visually explain 
the colours of the sky 

 
Equipment needed from Suitcase 

• Cell for Light Scattering (FRAGILE) 
• Light Source 
• Stand for Cell 
• Screen 

 
Equipment to provide 

• Sodium Thiosulfate (1g in 500ml Water) 
• HCl  (10ml of 1M) 

 
Set up 
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.  . 
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Experiment 6 – Fluorescence and 
Phosphorescence 
 
Objectives 

• Observation of the phenomenon of luminescence. (KS3) 
• Demonstration and discussion of excited stated and relaxation (KS5) 

 
Equipment needed from Suitcase 

• UV lamp 
• 7.5v power supply (DIFFERENT to halogen bulb) 
• RSC pens 

 
Equipment to Provide 

• Variety of materials to test for luminescence, stamps, envelopes, 
money, etc 

 
Set Up 

• Plug the UV bulb into the power supply and turn on.  
 
Suggested Activities 

• Test materials for luminescence. This can extend to a discussion of 
excited states and relaxation (KS5), or a more general discussion on 
how this might be used.  

 
• KS4 Applied Science – CSI type detection of luminescent objects, UV 

marking for security purposes. 
 
 
 

UV lamp emits UV radiation – do not stare into light 

source or hold close to skin. 
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Teachers Notes 
 
These notes are designed to give extra information, background theory or 
extension work, to complement the experiment guidance given previously.  
 

Experiment 1 – Fibre Optics 

 
In this experiment, the light is guided along the Perspex rod, 
water jet and fibre optic cable by the process of Total 
Internal Reflection. The light appears brightest at the end of 
the rod, or where there are scratches or dust, because the 
reflection is not total at these points, so some of the light 
escapes. 
 
The fibre optic cable is made of glass fibre with a diameter 
of 0.4mm. This is quite flexible, but should not be bent to a 
degree that makes the metal cladding become stiff or 
difficult to move. 
 
Total internal reflection happens when light is approaching an optically less dense 
material than the material it is travelling in. If it arrives at the boundary between the 
two materials at less than the critical angle, the light is reflected internally. If the first 
time the light reaches the boundary between core and cladding it is at less than the 
critical angle, it will be reflected at such and angle that it will continue to reflect for the 
length of the rod. 
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Experiment 2 – Visible Spectrum 
Suggested Activities 

• KS3 – A good demonstration of the splitting up of white light into its component 
wavelengths 

• If the grating is removed, a CD can be used to act as a diffraction element. 
• KS4/5 – Demonstration of the principle of diffraction, showing how the angle of 

incidence and angle of diffraction affect each other, and how the spectrum 
changes with different angles.  

 
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  the album 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 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 of 
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. 

 
In this practical, the light is scattered less by the CD than is observed with the 
diffraction grating, the dispersion is inversely proportional to the spacing of the lines on 
the surface of the object. The surface of a CD is made up of tiny dots or pits on the 
surface of the CD. These form lines with a spacing of approx 2µm, compared to the 
lines on the grating, which are at a spacing of approx 0.5 µm. 
 

 
 

 

 
 

 

 
CD Surface                                                          Diffraction Grating 
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Experiment 3 – Absorption Spectroscopy 

 
This practical provides an opportunity to demonstrate the underlying principle of optical 
spectroscopy, that a coloured sample will remove a specific set of wavelengths from the 
visible spectrum..  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 sample is Potassium Permangenate, and qualitatively shows the absorption of the 
green area of the spectrum. 
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Experiment 4 – Computer aided spectrometry 

 
In this practical, the grating and screen are replaced by a spectrometer that is linked to 
a PC that controls the instrument and displays the spectrum. Inside the spectrometer 
are components similar to those on the optical bench, a small set of mirrors and a 
diffraction grating to separate the frequencies and a CCD camera, similar to those found 
in mobile phones or scanners to detect the intensity at each wavelength. 
 
The curved mirror directs the light to                           This focuses the beam of 

the CCD                                           light on the diffraction grating                 
 
 

 
The beam of light enters 

here                        . 
 
 
 
 
 

The diffraction grating  
Splits the light into the  

Spectrum 
 

                         The two layer CCD detects the frequencies in the spectrum, and this is 
relayed to the computer where it is displayed graphically. 
 
 
The spectrometer is controlled by the PC which reads out the intensity/wavelength data 
and displays it on the screen. This can happen very rapidly and can grab a spectrum 
every 2ms if required! 
 
When the spectrometer is operation in S mode, it is giving a readout of the intensity 
received at each wavelength. This is not a flat line for two reasons, firstly light sources 
do not give equal amounts of light at each wavelength, and the camera’s sensitivity at 
each wavelength is different.  
 
As each source of light emits different intensities of light at different frequencies, the 
spectrum for each source of light will appear different depending on how strongly each 
wavelength is emitted.  
 
To measure an absorption spectrum, firstly a reference spectrum and a dark spectrum 
must be saved. To do this, turn off the light source, leaving everything connected and 
click on the dark bulb – this will save a dark reference spectrum. Then, turn on the light, 
wait for the spectrometer to read the spectrum. Adjust the integration time and 
intensity using the arrows and screw on the lamp housing, so that the entire spectrum is 
visible and not saturated. Place a sample of clear solvent in a cuvette in the sample 
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holder. Click on the yellow lamp, this will save a light reference spectrum. 

 

 
Absorbance is a quantitative measure of how much light is absorbed.  The absorbance 
at a particular wavelength λ is given by, A = log10 (Io/It ), where I0  and It are the 

intensities of light passing through a blank or reference cell and the sample cell 
respectively.  
 
To show the absorbance spectrum, 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. 
 
Absorption increases linearly with concentration, this can be seen visually, for example 
looking at a glass of squash, as more and more concentrate is added to the water, less 
light passed through. In this practical, this observation can be quantified. If you 
measure the same sample at 5 different concentrations and save the spectrum for each 
concentration, then plot the peak height vs concentration, this should produce a linear 
graph, with the absorbance increasing as the concentration increases. This can be 
extended into determination of Є using the gradient of the graph. 

 

 

 
 

 

exposure time 

Dark and yellow light bulbs 
 for setting dark and  
reference spectra 

stop start 
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Experiment 5 

 
As the reaction progresses, colloidal sulphur is produced, which scatters the blue light. 
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 – it is very hard to remove! 

 

Experiment 6 

 
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. 
CSI type detection of a number of materials is possible with a UV light, if a crime scene 
can be set up in the classroom this is one of the techniques that can be employed to 
analyse the scene. Many pupils will be familiar with this phenomenon. 

 

 
 
 

Euro note 

Ruby and Weardale fluorspar 

Budgerigar feather 

Stamp and envelope 
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Further Sources of Information 
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Health and Safety Guidance 
 

� 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. 

� There are no chemicals provided with the kit, schools should provide 
chemicals in concentrations appropriate to the age group using the 
equipment. 

 
 

Feedback 
The Spectroscopy in a Suitcase is a growing project, which is continually 
developing its resources. By providing us with your feedback we can target 
the developments at areas that would benefit the users of this project. 
There are feedback forms on the desktop of the computer, please find the 
time to fill one in and return it to: 
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More about the Project 
Chemistry for our Future is a HEFCE funded program administered by the 
RSC 09/06 – 09/08. 
The programme has many strands of work intended to promote chemistry 
to the next generation.   
Two projects aimed at putting spectrometers into schools for ‘hands-on’ 
experience.  
 
 
 
 
 
 
 
 

Contributing to the Optical Spectroscopy part of the 
project are: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sources of funding include: 

Andy Beeby, 
Lars-Olof Pålsson Justin Perry Joe McGuinness 

MS, FT-IR, UV-vis 
(Leicester) 

Optical spectroscopy, 
-back to basics 
(Durham, North East) 

Eimer Tuite 
Adrian Moore 

HEFCE (RSC) 
Chemistry for our Future 

£30,000 

Durham County Council 
Achievement Services 

Cash and in kind, est. £5,000 

RCUK 
(Teacher training) 

£5,000 


