ACDB 4011: FLAME TEST
Introduction
The experiment sought to test for the presence of different metal compounds in solutions, and identify which metal was present. The hypothesis for this experiment was that different metal salt solutions when heated in a Bunsen flame would produce different coloured flames. This is based on the Emission Spectrum of the different metals being tested. When heated, the electrons in the metals will have more energy, moving to a higher energy level. As nature seeks to be in the lowest energy state, these electrons will then release a photon, and move back down to the lowest energy state. To prove the hypothesis, the emitted photons should be of the emission spectrum of the metals being tested, and can therefore be used to identify the metals. The independent variable in this experiment was the solution being tested, labelled A through H, with the dependent variable the colour of flame produced. To keep the variables controlled, it was important to thoroughly clean the wire being used for the solutions between each solution.

Results
The results of the experiment are shown below, in Table 1. During the experiment, 8 different samples of unidentified solutions were tested. The samples, A through H, were tested as per the experiment instructions in the appendix. The colours of the flames produced are listed below, ranging from lavender and purple on one end to deep red on the other. From these colours, each metal solution was then identified through comparison against the known colours produced by each metal. The colours produced were also compared to a spectrum of wavelengths of light, Figure 1, to estimate the wavelength of light each of the metals produced, seen on the right of the table. 
	Unknown metal salt
	Colour of the flame
	Identity of metal
	Wavelength (nm)

	A
	Orange/Yellow
	Na
	590

	B
	Purple
	K
	400

	C
	Red/Orange
	Ca
	620

	D
	Red
	Sr
	710

	E
	Green/Blue
	Cu
	520

	F
	Red/Pink
	Li
	670

	G
	Yellow/Green
	Ba
	550

	H
	Orange/Lavender
	NA/K
	          590/400


Table 1
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Figure 1 [11]
Discussion
The results showed that there was a clear and visible difference between each of the solutions tested in the experiment. Each metal tested was easily identifiable based on the colour produced. These results also effectively show the phenomenon that was being explored through this experiment. Each metal had electrons being raised to different energy states, and as atoms want to return to the lowest energy state, photons are being emitted so the electrons can drop back down. Using the estimated wavelengths in the results, it is possible to calculate the frequency and the energy of these photons, utilising two equations.


Where C is the speed of light, 3.0 x108 ms-1, h is Planck’s constant, 6.63 x 10-34 J,  is the wavelength in nanometres,  is frequency, and  the energy of the photons in . Focussing first on strontium, the strong red colour was estimated to have a wavelength of 710 nm. Using the equations above, the frequency is calculated by 3.0 x 108 / 7.1 x 10-7 = 4.23 x 1014 Hz. From this, the energy of the photons can be calculated by multiplying frequency by Planck’s constant, 4.23 x 1014 * 6.63 x 10-34 = 2.80 x 10-19 J. This can be compared to Potassium. The frequency of the photons was 3.0 x 108 / 4.0 x 10-7 = 7.5 x 1014 Hz. From this, the energy of the photons was 7.5 x 1014  * 6.63 x 10 -34  = 4.97 x 10-19 J. These two examples showcase the relationship between wavelength, frequency and energy. As C is fixed, frequency and wavelength directly correlate to each other. The higher wavelength of strontium results in a lower frequency of the photons, with the lower wavelength resulting in a higher frequency. Energy is also directly related to frequency. As energy is frequency multiplied by Planck’s constant, the lower frequency of the photons emitted by strontium results in a lower energy photon, and the higher frequency photons emitted by copper have a higher energy. This means that the electrons in the copper are moving to a higher energy state than in the strontium, as the energy of the photon being released is the difference between the ground state and the higher energy state reached by the electrons in the metal.
Metals have been used in OME for the emissions produced when heated for over two centuries now. ‘Light balls’ are recorded as being used as early as the Napoleonic Wars, while Royal Navy warships in the 19th century carried 10 different colours of rockets for signalling at sea [2]. While this range of colours was reduced, as it was found to be difficult to identify the different shades, there is still significant usage of ordnance utilising the emissions from metals. The massive growth in the scale of conflict during the First World War saw the use of barium and strontium nitrates in signalling flares to communicate on the battlefield on the ground and in the air, however compositions have evolved significantly since then [2]. The Mk124 flare, used by the US Navy for maritime signalling in search and rescue, involves a mix of magnesium, potassium perchlorate, strontium nitrate, polyvinyl chloride and asphaltum, to produce a strong red colour, while other flares see the use of barium nitrate, sodium oxalate and copper to produce a green or yellow colour [5][7][10]. It is clear from the experiment why these different metals are used in military signalling ordnance, with such a wide variety of colours produced just from the limited array of metals that were tested. 
Another major area that the phenomenon shown in this experiment is used is in ‘neon’ signs. Rather than heating a metal, these signs are lit from the photons emitted by noble gasses when a strong electric current is applied to them, in a low-pressure environment [8]. This was initially seen with experiments involving neon, hence the name, which produces a strong red light [6]. The light produced by neon has a wavelength of 635 millimicrons, which is the wavelength that light is most visible under in poor conditions [4].   Later experiments with other noble gasses produced different colours. Argon is used for lavender, and mixed with mercury for blue, krypton produces a silver-white colour, and xenon for pale blue/purple, and helium for pink [4]. In the early 20th century, the use of neon signs was a significant industry, buildings were designed around the signs, and significant research was done to improve them. One such innovation, was the use of phosphors in signs, to produce fluorescent lights. These utilise the excitation of mercury rather than neon in a vacuum tube, which is then used to excite phosphors coating the glass tube [4]. These phosphors, similar to the flame test conducted, utilise numerous rare earth metals to produce a wide variety of colours. Common fluorescent lights include elements such as terbium, cerium, lanthanum and yttrium, a far wider variety of metals than can be tested in the lab [1]. 
There is a major limitation to the flame test, however, which is also the main source of error in the results. The colour of the flame produced in the experiment is being measured based on what is seen by the person recording the results. This can vary significantly based on how each individual is defining each colour. As seen in the results above, there are multiple readings for red, orange and yellow. All were different metals producing different colours, but due to how the results were recorded all had similar colours assigned to them. This error further impacts the calculations that are based on the results. The wavelength each metal is assigned, and the resulting energy and frequency calculated can differ significantly from their true value depending on how close the colour of the flame has been matched to the actual wavelength of the photons emitted. 
Conclusions
This experiment gave significant results to support the hypothesis. In all cases, there was a clear visible shift in the colour of the flames produced when each solution was heated. In all cases, there was a distinctly different colour produced that allowed for clear identification of each metal based on the range of metals present. Furthermore, this allowed for an estimation of the wavelength of the metals, and the calculations of energy and frequency based on this. 
There are two potential areas for further research based on this experiment. First, utilising a more accurate form of measurement for the colours that the human eye. This will give a more accurate result for the wavelength, and calculations based upon this. The second area for further research would be across a wider range of metals. All different elements will produce different wavelength photons in this experiment, so by testing a wider range of metals, we will have a wider range of colours produced to study. 
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Appendix
Appendix A- Method and Materials
Materials:
· Bunsen Burner
· Heat Resistant Mat
· Matches
· 2 Molar Hydrochloric Acid
· Deionised Water
· Sample Solutions A-H
· Metal Wire
· Blue Cobalt Glass
Method:
1. Set up Bunsen Burner on heat proof mat. Light the Bunsen Burner with matches, setting it to a roaring blue flame. When not in use, leave on a yellow safety flame
2. Clean the metal wire by dipping it in hydrochloric acid, before heating the wire in the Bunsen Burner. Repeat this process until there is no change of colour when heating the wire in the flame.
3. Dip the cleaned wire in deionised water then heat in the flame, to remove the remnants of hydrochloric acid from the wire.
4. Dip the cleaned wire in one of the unknown solutions, then heat the coated wire in the Bunsen Burner. Record the colour of the flame produced. Use the cobalt glass to identify the solution of sodium and potassium.
5. Repeat steps 2 to 4 for each of the unknown solutions, ensuring that the wire is properly cleaned between each test.
Cobalt glass is used in this experiment to allow for the identification of the mixture of sodium and potassium. Due to the strong bright yellow flame produced by heating sodium, it is difficult to identify which solution is the mixture. Therefore cobalt glass is used to filter out the yellow light being produced, so the weaker purple colour of the potassium can be identified
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Observations and Identification:

Complete the table below. Based on the observed colour of the flame and Table 1, identify the
metal ion in each unknown salt. Using the electromagnetic spectrum in Fig 2, estimate and report
with the appropriate unit the wavelength for each observed colour. Identify the solution

containing mixture of sodium and potassium:
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