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Spectroscope

Physicists often think of light as being a wave.  As with waves on the water, the distance between one crest and the next in a light wave can vary.  This distance is called the wavelength of the light, and different colours of light have different wavelengths.  In this activity you will make a device called a spectroscope that measures the wavelength of different colours of light.  These wavelengths are very tiny, and so the metre is too big a unit to be useful; a unit called the nanometre, or nm for short, is used instead.  A nanometre is one millionth of a millimetre.  Pure yellow light has a wavelength of about 600 nm.

Building the spectroscope

For this activity you need:

a rectangular piece of cardboard

two pieces of polystyrene foam

plastic diffraction grating and circular holder 

black paper scale and film slit

a sharp blade or Stanley knife,

a specially marked ruler

glue and nails, drawing pins or rubber bands

an information sheet

1. Lay the cardboard out in front of you with its length from left to right.  This is going to be folded into a box, to form the body of the spectroscope.

Beginning from the left end measure, mark and label points A to G and A' to G' along the long edges at distances 269, 279, 297, 307, 576, 595 and 615 mm from the left hand end.  Use the specially marked ruler to help with this.
                                                                  A  B   C  D                                E     F    G

[image: image2.png]



                                                                  A’ B’   C’ D’                                E’    F’   G’

2. [image: image3.png]J }

. t

| WA by '-7'.]-
r
[
[
Peones




Join AA’, BB(, etc. with straight lines across the card.
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Along line BB' measure and mark points P, Q, R, S at 25, 35, 105 and 185 mm from B; and along CC' mark points P', Q', R', S' at the same distances from C.  (Use the reverse side of the specially marked ruler.)  Join corresponding points to make a small rectangle PP’Q’Q and a larger rectangle RR'S'S.

4. 
Score lightly along the lines AA', DD’, EE' and GG' (shown as dotted lines below); scissor points work well.  If you use a Stanley knife be careful: do not cut through the card, just score it for easy folding.  Turn the cardboard over and fold along the lines you have just scored.  Hold a ruler along the lines to help make the folds sharp.
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5. Using a sharp knife cut out the small rectangle PP'Q'Q and the rectangle RR'S'S as shown.  It is important to cut these holes after the folding, otherwise the folds will not form neatly.

6. Collect a paper scale and a piece of film with a slit.  Tape the film slit to the paper scale, lining up the two slits.  Then trim off the end of the paper scale so that light can pass through the slit in the film.

7. Place the piece of cardboard with the side you have marked down.  The ‘inside’ of the spectroscope is now facing up.

Hold the black scale facing you so that you can read the numbers.  Place the slit neatly over the middle of the small cutout rectangle and the scale over the longer rectangle.  Tape both into position by the edges only so you don't cover the slit or the scale.
Hold the cardboard up to the light with the ‘inside’ towards you, and the side marked A-A’ at the bottom.  Check that you can see light coming through the slit and read the numbers on the scale, and that the scale is the right way up.
8. Along the line FF' measure 87 mm from F and mark the point Y.  Cut a neat square hole about 10 mm x 10 mm centered at Y.  This will be the viewing hole for the spectroscope.
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9. Fold the card into a rectangular box, and look through the viewing hole.  You should be able to see light coming through the scale and the slit on the other side of the box.

10. Complete the box, using the two pieces of polystyrene foam to form the sides.  Use PVA adhesive sparingly to stick the box together: run a line of adhesive along the edges and ends of the pieces of foam, then put them in place and fold the card over.  Fasten the end tab (from lines GG') to complete the box.

Strengthen the box using 8 small nails.  Place the nails on the top and bottom, near each end of the foam sides.  The nails can readily be pushed through one layer of cardboard but you may need a small hammer or other object to penetrate two thicknesses of cardboard.

The PVA adhesive takes about 15 minutes to dry.  You can temporarily use rubber bands or drawing pins for the middle section while the glue dries.  Please don’t take them away!

11. Collect a 10-mm square of plastic diffraction grating and a circular disc to mount it on.  Handle these very carefully!  Attach the diffraction grating over the hole in the circular mount using very small pieces of sticky tape on the corners of the grating only.  Do not touch, or get sticky tape on, the grating centre.
12. Hold the disc over the viewing hole with the grating innermost and look through the box.  Point the slit towards a bright light and rotate the grating mount until the colours of the spectrum are spread horizontally along the scale.  Fix the grating mount in this position using sticky tape on its edges.
13. Glue the information sheet on the top of your spectroscope.

Spectroscope: Information Sheet

Some bright lines at particular wavelengths are due to the presence of specific elements in the glowing material that produces the light.  The following table shows the wavelengths of some of the bright lines you may see when looking at different sources with your spectroscope.  The table also shows the elements and likely sources that produce each particular wavelength.

	Wavelength
(nm)
	Due to
	Seen in

	393, 397
	calcium
	sun

	434, 486, 656
	hydrogen
	sun

	517, 527
	iron
	sun

	589, 590
	sodium
	sun, many flames

	687
	oxygen
	sun

	405, 436, 546, 577, 579
	mercury
	fluorescent light



Viewing with your spectroscope

1. Look through the diffraction grating in the viewing hole and aim the slit at a source of light.  If the light falls through the slit onto the grating a spectrum should appear superimposed on the scale to the left of the slit.  It may take some practice before you can aim with confidence.

2. If you look at an ordinary incandescent (tungsten) light, you will see a continuous spectrum of colours like that in a rainbow.  Place different coloured filters, made from coloured cellophane, in front of the light, and view with your spectroscope.

3. Try looking at a fluorescent lamp.  Can you describe what you see – it is very different from the continuous spectrum of an incandescent light globe.

4. Look at any other sources available such as a sodium or neon lamp.  You should see thin bright lines, rather than a continuous spectrum.  On the spectroscope scale you can read the wavelengths of the light in these lines.  Make a note of these wavelengths.

5. You can also observe the sun.  The slit is narrow enough that there is no danger involved, and in any case you will see the solar spectrum better by aiming near the sun rather than directly at it.  You will see a continuous spectrum, but with dark lines at particular wavelengths.  Try reading the dark lines from the spectroscope scale, and make a note of them.  Compare the wavelengths of these dark lines with the bright lines you observed from the sodium lamp and other sources.

This activity was designed by Keith Thompson, written by David Mills (both of Monash University, Department of Physics) and edited by Christina Hart, for the Education sub-Committee of the Australian Institute of Physics (Victorian Branch).  Layout by Bronwyn Halls.

( The Australian Institute of Physics (Victorian Branch), 1999.
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Explanatory Notes

Colours of light

You will have seen the colours in a rainbow, in a butterfly wing, a soap bubble or an opal.  You probably also know that you can produce a rainbow by shining light through a prism, or reflecting it from a piece of cut glass.  In the spectroscope that you made the spectrum of colours is produced by a diffraction grating, although prisms are also used in spectroscopes.  The prism and the diffraction grating produce the rainbow effect in somewhat different ways; most other rainbow effects are similar to one or the other.

In some ways light moves through space like ripples on the surface of water.  Like water ripples, light waves can be spread out, with a large distance from one wave to the next, or close together.  A ‘spread out’ light wave is said to have a long wavelength, while one where the crests of the wave are close together is said to have a short wavelength.  Violet/blue light has a shorter wavelength (about 4 x 10-7 m, or 400 nm) than red light (about 6 x 10‑7 m, or 600 nm), with the other colours of the rainbow in between.

In a vacuum, or in the empty space between the stars, all light waves travel at exactly the same speed (3.0 x 108 m/sec), whether they are long or short wavelength waves.  In the same way water ripples all travel at the same speed whatever the distance between one crest and the next.  However, in a material such as water or glass, light with long wavelengths travels slightly slower than light with short wavelengths.  In glass, for example, all the wavelengths of light travel at about half their speed in empty space, but the red travels slightly slower than the blue.  White light contains all the wavelengths of light: the colours in white light become spread out as they pass through the prism, because of their different speeds in the glass (or plastic etc.) from which the prism is made.  The same effect in raindrops produces a rainbow.

The second way of producing colours from white light is through an effect called interference.  You can see interference of water ripples if you observe very carefully.  If one train of ripples meets another, there may be points where one wave train cancels out the other.  At these points, a crest in one train of ripples meets up with a trough or dip in the other train.

Interference of light waves can sometimes be seen when light is reflected from a soap bubble, or from a pool of water which has a thin layer of oil on top.  The light is reflected from the oil, some from the top, and some from the bottom of the layer.  The two reflected trains of waves can interfere with one another: if a crest in one reflected wave meets a trough in the other, the waves will cancel out.  Whether this happens depends on the size of the wavelength of the light compared with the thickness of the layer of oil.  To you the reflected light has the colour complementary to the colour of the cancelled out light: so, if red light is missing, you see the colour as green.

The layer of oil is usually not perfectly even, so one colour may be cancelled out in the light reflected from one part of the oil layer, and a different colour in the light reflected from somewhere else.  Because the light coming from different parts of the oil layer has different colours missing, you see a rainbow on the surface of the pool of water.  Where the layer of oil is extremely thin all the light may cancel out, so the pool of water will look very dark.  The peacock’s feather, opal and butterfly wings have many thin layers that behave in the same way.  The spiral tracks on the surface of a CD also produce trains of reflected waves that can interfere and produce rainbow patterns.

When white light passes through the diffraction grating of your spectroscope, the light is split into thousands of wave trains by the tiny slits.  These wave trains interfere with one another in such a way as to produce the spectrum you see.  If only a single colour of light passes through the diffraction grating then the waves of that colour cancel out everywhere, except at one point on the scale.

The spreading out of light by a glass prism, due to the different speeds of the different colours of light is called dispersion.  You will learn more about dispersion in a year 11 or year 12 physics course.  Interference of light and diffraction gratings are usually studied in physics courses at year 12, and in the first year of a university course.

Explaining line spectra

The light that you observed with your spectroscope is produced by electrons in the atoms of the material that is emitting the light.  Depending on what you were looking at, the electrons may have been in the atoms of tungsten in the filament of an incandescent light globe, mercury atoms in a fluorescent tube, atoms of sodium, neon or some other vapour, or atoms in the sun.  However, the spectra did not all look the same.  The tungsten light gives a continuous spectrum, a complete rainbow of colours, whereas some of the other sources show bright lines of colour only at particular wavelengths.  The sun shows a continuous spectrum, but with dark lines at some wavelengths.

To understand how these spectra are formed you need to be introduced to the Quantum Theory that, together with the Theory of Relativity, was one of the great developments in physics in the first half of the twentieth century.  Before the Quantum Theory was developed scientists had been greatly puzzled by spectra, especially line spectra, and could not explain how they might be produced.

The idea that atoms emit light energy in tiny packets, called ‘quanta’, was first suggested by Max Planck in 1900.  At that time it was a revolutionary idea, because it didn’t seem to be consistent with the belief that light was a wave.  But then, in 1905, Albert Einstein successfully used the same idea in to explain the photoelectric effect, something else that had been a puzzle to physicists for a number of years.  Einstein suggested that each packet of light, or photon, contained a certain amount of energy depending on the wavelength of the light.  The shorter the wavelength of the light the more energy in each photon of that light.

In 1913 Neils Bohr combined the ideas of Planck and Einstein with the results of some experiments carried out between 1908 and 1913 by Ernest Rutherford, Hans Geiger and Ernest Marsden.  These experiments had shown that atoms each have a nucleus at their centre, with the tiny electrons orbiting around the nucleus.  Most of the atom, it turned out, was empty space.  The protons and neutrons, which made up nearly all of the mass of the atom, were tightly packed together in the tiny nucleus.  Bohr suggested that, for some reason that he could not explain, the orbiting electrons could only occupy orbits with particular energies.  These corresponded roughly with particular distances from the nucleus.  Electrons would generally occupy orbits close to the nucleus, as these have the lowest energy.  However, only two electrons, at most, could occupy the orbit closest to a nucleus, and at most eight electrons could occupy each of the next two orbits.

In an atom of neon, for example, there are 10 protons and (usually) 10 neutrons in the nucleus, with 10 electrons orbiting the nucleus.  There are 2 electrons in the lowest energy orbit nearest the nucleus and, under normal circumstances, 8 electrons in the next energy orbit.

But if the atom is given extra energy then some of the electrons in the outer orbit may jump up to one of the higher available orbits.  The atoms will not stay in this “excited” high-energy state for long.  The electron will soon drop down to its normal orbit, and as it does so it will give off a burst of energy in the form of a single photon of light.  Depending which energy level the electron falls from, and to, photons could be produced with a few different energies.  Each different energy photon is made up of a different wavelength of light.  Each wavelength corresponds to one of the lines in the spectrum for neon atoms.  The lines therefore give us information about the energy that an electron in the neon atom emits when it moves from one “allowed energy level” to another, and so tell us also about what the allowed energy levels are.  In other words, the spectrum of gives us a way of looking inside the neon atom.

Bohr’s original model has now been developed and refined into a complex mathematical theory called quantum mechanics, that is usually studied as part of a university physics course.  The picture we have used, of an atom with electrons occupying orbits at particular distances from the nucleus, is very simplistic and cannot explain in mathematical detail the particular light that is emitted from particular atoms.  It is more correct to talk about the atom being able to occupy different “energy states”, than to talk about the energy of electron orbits.  However, the simple picture still helps us to understand why line spectra are produced.

Types of spectra

The different chemical elements each have their own type of atom, with a particular number of electrons.  Neon has 10 electrons, while lead has 82, for example.  Because they have different numbers of electrons, each chemical element produces its own distinctive line spectrum.  In fact you can identify an element from the pattern of bright lines produced by its atoms.  For example, if you observed a sodium lamp with your spectroscope, you will have seen two bright yellow lines.  These lines are so characteristic of sodium that, if you see them in a spectrum, you can be certain that there are some sodium atoms the in the gas which is producing the light.

Because line spectra are produced by gaseous atoms, they are also called atomic spectra.  An atomic emission spectrum is produced by heating the gas to make the electrons in the atoms jump up into a high-energy orbit.  The atoms emit light as the electrons drop down to their normal energy levels.  Instead of heating the gas to excite the electrons, it is also possible to shine light onto the atoms.  Electrons in the atoms will absorb some photons from the light, if the photons have exactly the right energy to enable the atoms to move to a higher energy state.  White light has photons of every visible wavelength and energy, so when white light falls on gaseous atoms the photons that have the right energies will be absorbed.  This leaves black lines at those wavelengths, against the background of the continuous spectrum of white light.  This is called an atomic absorption spectrum.  Again, the pattern of dark lines can be used to identify the particular atoms that are present.  For example, two dark lines at the same wavelengths as the bright lines in sodium’s emission spectrum, means that there are some sodium atoms in the gas that is absorbing light.

Molecules also have particular energy states, and they absorb or emit photons of particular energies when they change from one energy state to another.  These spectra are called molecular spectra.  The photons absorbed or emitted by molecules usually have wavelengths either shorter than the shortest wavelength of visible light (called ultraviolet wavelengths) or longer than the longest wavelength of visible light (called infrared wavelengths).  Ultraviolet absorption spectra can be used to identify particular types of chemical bonds, or particular chemical groups in a molecule.  Infrared spectra are characteristic of particular molecules and so can be used to identify chemicals.

Line spectra are produced by single atoms a large distance apart.  When lots of atoms are packed closely together (in a solid, or a dense gas) each atom affects the energy levels of its neighbours.  The result is that instead of each individual atom having only a few energy levels, the collection of atoms has very many energy levels.  This means that, between them, they can absorb or emit photons of any wavelength.  This is why a heated metal, like the tungsten filament in an ordinary light globe, produces a continuous spectrum.

The centre of the sun is a very dense mixture of atoms, which produces a continuous spectrum.  As the light from the centre of the sun passes through the cooler and much less dense solar atmosphere, the atoms in the atmosphere absorb some of the photons in the continuous spectrum.  This is why there are dark lines in the sun’s continuous spectrum.

Origins of spectroscopy

	1664
	Isaac Newton was the first person to demonstrate that white light consisted of a spectrum of colours.

	1800
	William Herschel used a thermometer to show that there was energy in the sun’s spectrum at wavelengths beyond the red end of the visible light.  We now call this the infrared region of the spectrum.


	1801
	Johann Ritter showed that the sun’s spectrum extended beyond the visible at the other end as well, into the ultra-violet.

	1802
	Thomas Young was the first to make a connection between the colour and the wavelength of light.

	1814
	Joseph von Fraunhofer observed the dark lines in the sun’s spectrum.  These are still called “Fraunhofer lines”.  Fraunhofer also made the first diffraction gratings.

	1859
	Robert Kirchoff first suggested that each element produced its own characteristic line spectrum.

	1861
	Robert Kirchoff and Robert Bunsen (the one who invented the burners used in laboratories everywhere) carefully compared the dark lines in the sun’s spectrum with the bright lines produced by each of the elements that were known at the time.  This made it possible for them to identify all the elements in the sun’s atmosphere.  In the course of their investigations they discovered two new elements, and named them for the colours of their spectra: Caesium is Latin for blue-grey, and Rubidium means red.

	1925
	Photographic photometry was introduced.  This made it possible to measure the amounts of light absorbed or emitted in different parts of the spectrum.  As a result not only could substances be identified from their spectra, but the amounts of substance present could be determined.


Varian Optical Spectroscopy Instruments: an Australian-based scientific company

The beginning: an Australian invention 

The science of spectroscopy has developed during the 20th century into a powerful technique for identifying particular chemical elements or molecules.  Even tiny quantities of chemicals can be accurately measured, and spectroscopy now has thousands of applications in areas including forensic science, medicine, aircraft safety, wine making and mineral exploration.  In practice it is usually easier to analyse chemicals from their absorption spectra, rather than from emission spectra.  An Australian scientist, Sir Alan Walsh, invented the atomic absorption spectroscope, and his work laid the foundations for one of Australia’s most important scientific industries.

Alan Walsh worked at the CSIRO laboratories from 1946 to 1977.  A company, called Techtron Pty Ltd, was formed in the mid 1960s to manufacture spectroscopes to his design.  In 1967 Varian Associates, an American company that produces scientific instruments, acquired Techron.  Since then they have based their Optical Spectroscopy division in Melbourne.  Varian Optical Spectroscopy Instruments is the world’s second largest manufacturer of spectroscopes, after American Company Perkin-Elmer, and ahead of Japanese rival Shimadzu.

Varian Optical Spectroscopes

Varian produces several different types of spectroscope.  Each is a very sophisticated and expensive piece of equipment.  However, the essential components have their counterpart in the model spectroscope that you made, as this table shows.

	

Component of a spectroscope
	In the model spectroscope
	In a modern scientific instrument

	source of light
	the lamp, or other source that you looked at
	has a light source ‘built in’

	material to be identified
	in the lamp or source you were looking at
	placed between the light source and the diffraction grating

	prism or grating to split the light into a spectrum
	diffraction grating
	diffraction grating

	a way of detecting the light and measuring the amount of light at each wavelength
	your eye and the wavelength scale
	a light detector able to measure the amount of light at each wavelength


Because most spectroscopes look at absorption spectra rather than emission spectra, the spectroscope has to have a light source to produce a continuous spectrum.  This light shines through the sample whose absorption spectrum you want to look at.  The light in Varian’s spectroscopes is produced by a very dense, very hot gas.  The light beam is controlled by mirrors and lenses so that it shines though the sample.  The light that comes through the sample is analysed and recorded by computer controlled equipment.

Research and Development at Varian

Varian Optical Spectroscopy Instruments employs 95 people in its Research and Development (R&D) section.  This is the largest scientific research and development commitment of any company in Australia, with the exception of BHP.

The R&D people work in teams to design spectroscopes and improve existing models.  Each project is headed by a Research Scientist (or Research Engineer), who develops new or improved designs for spectroscopes and accessories, and new or improved techniques for using them.  Other Scientists and Engineers, who may contribute ideas and help solve problems, assist the Research Scientist.  Engineering draftspersons draw up detailed drawings of newly designed or modified instruments.  Other Engineers make a model of the new design (called a prototype).  Technical Officers help to construct instruments and equipment, and also assist with some of the routine design and development tasks.

Several Computer Software Engineers work in the R&D section.  Some write programs to control the internal workings of the spectroscope, setting the positions of lenses, mirrors and gratings etc.  Others write programs that link the spectroscope to a desktop computer.  A third group produces software for the desktop computer so that it can process the information from the spectroscope into the form that the customer requires.

New instruments and procedures always have to be developed with the needs of customers in mind.  Once it is produced, each spectroscope has to be thoroughly tested to make sure that it will give accurate and reliable results.  Most of the industries that buy spectroscopes use them for chemical analysis (working out what chemicals are in particular materials).  So another important role in the R&D team is the Applications Chemist, who works closely with Varian’s customers.  These people make sure that the rest of the R&D team knows what the customers need.  They also evaluate new products and procedures from the customer’s point of view, and train the sales staff.

Most of those who work in the R&D section have a university degree in science (B.Sc.) or engineering (B.Eng.).  A few also have a research degree (Ph.D. or M.Sc.).  Some of the scientists studied Physics, and specialised in optics (the science of manipulating a beam of light with lenses, mirrors and other devices).  Some specialised in plasmas, the very hot, dense gases that are used as light sources.  Other scientists studied chemistry, specialising in analytical chemistry, and their studies would have included physics as well.  The Technical Officers, some Engineers and other staff trained in similar areas of science through TAFE colleges.  The software engineers have a degree in information technology, but depending on their particular job, they also need qualifications in physics or analytical chemistry.

Marketing Optical Instruments

Varian’s success depends on close cooperation and communication between the R&D section and the staff in the Marketing section.  All the sales staff have a degree in science, and are specialised in a relevant area of physics, engineering or chemistry.  Their role extends a lot further than simply selling spectroscopic instruments and conducting market research.  They also work with customers to help solve problems with the instruments or software.  Based on their contact with customers, they are able to put forward ideas for new developments to the R&D section.  From the first prototype of a new instrument right through to the finished product they are asked to evaluate the design and recommend changes.

Having a look at Varian Instruments

If you visit the web site for Varian Optical Instruments, you can look at some of the equipment they make.  There is a lot of technical information and jargon, but that needn’t stop you looking at some of the pictures and diagrams.

1. Go to the home page of the U.S. parent company at www.Varian.com
2. Scroll down the page to “Optical Spectroscopy Systems”

3. Choose one of the buttons for one of the different types of spectroscopes

AA will give you more information about atomic absorption spectroscopes

· Click on Full details of our product range, then Take a look at SpectrAA 50 series for example

UV-VIS-NIR will give you more information about molecular absorption spectroscopes

· Click on Full details of our product range, then:

· Cary 50, and scroll down to the cut-away diagram showing inside the spectroscope (the picture does not seem to work for this model); or

· Cary 500 – Click here will show you a picture.

ICP-MS will tell you about Inductively Coupled Plasma - Mass Spectroscopes.

(These are rather different from the other two types of spectroscope, but are still interesting to have a look at.)

More things to do with your model spectroscope

Astronomical spectroscopy

Astronomical spectroscopy has allowed us to find out things about the universe that scientists once thought would never be possible.  Through the use of spectroscopes we have been able to determine the chemical composition of our sun and other stars.  This information, in turn, has led us to believe that stars evolve – they are born and die and go through stages of development in between.  By observing the spectra of familiar elements in distant stars we have established that the universe is expanding, which in turn has led to theories of how the universe began and how it may end.

Use the resources in your school library, and the Internet to find out about these and other discoveries in astronomical spectroscopy.

Viewing spectra from different elements

In order to see the emission spectrum of an element you have to have some way of exciting its atoms so that the electrons jump into high-energy orbits.  This is often done by heating the atoms to a very high temperature.  A simple way of doing this is to heat a small amount of a compound containing a particular element, in the flame of a Bunsen burner.  This simple experiment is called a “flame test” and is often done in school chemistry classes.  The colour of the flame can identify one of the elements in the compound.  However, the spectrum is a much more powerful way of identifying the element, and you can see the spectrum if you look at the flame with your spectroscope.  The colour you see with your eyes is due to the colour of the light in the strongest line of the spectrum, or the combination of a few of the colours of the strongest lines.  With the spectroscope you can see the lines themselves, how many there are and at which wavelength.  With this information you can easily distinguish two different elements even if the colours of their flames look the same.

Important: this experiment should only be done under the supervision of a teacher, and with proper safety procedures and equipment, including goggles.

You need a small quantity of several different metallic compounds such as:

calcium nitrate,

calcium hydroxide, 
lithium nitrate,
lithium chloride, 
potassium nitrate, 
potassium carbonate,
copper sulphate, 
sodium chloride, 
sodium carbonate, 
barium chloride, 
strontium chloride.

You also need a nichrome wire loop with a wooden handle, a small amount of 6M hydrochloric acid, and a Bunsen burner set up on a safety mat.

Clean the nichrome wire loop by dipping it in the acid and then placing it in the flame.  When clean, the wire loop should not affect the colour of the flame.  Dip the clean loop in one of the compounds and place it in the flame.  Observe the colour of the flame.  Then look at the flame with your spectroscope.  (One person will need to hold the wire loop in the flame while one or more others look with their spectroscopes.)

Compare the colours and spectra of different compounds of the same metallic elements.  Compare your observations with others in your class.

These notes were prepared by Christina Hart, with help from David Mills, Keith Thompson (both of Monash University, Department of Physics), and Dan O’Keeffe (Camberwell Grammar School), for the Education sub-Committee of the Australian Institute of Physics (Victorian Branch).  Layout and graphics by Bronwyn Halls.

The Education sub-Committee wishes to acknowledge the assistance of Sheridan Roworth and Tom Roberts of Varian Optical Spectroscopy Instruments, Mulgrave, Victoria, in preparing these notes.

( The Australian Institute of Physics (Victorian Branch), 1999.
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