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[bookmark: _Toc170297944]Introduction
This laboratory report documents the flame test experiment carried out by the learner to observe and determine different metal ions present in unknown metal salt solutions named A-H. The experiment was carried out by the learner and their two fellow students S. Dean and S. Shepherdson. The details of the method for the flame test can be found in Appendix A.
During the flame test, metal salts produce a different colour flame depending on the metal ion present, this is due to photons emitted at different wavelengths. These wavelengths correspond to the visible light spectrum wavelengths which determine the colour as seen in figure 1[1]. Appendix B shows the expected colours to be seen from various metal ions.
[image: Diagram of the visible color spectrum. From left (high energy) to right (low energy) it goes gamma rays, x-rays, UV, infrared, and then radio waves.]
[bookmark: _Toc170296239]Figure 1 Visible light spectrum
According to Bohr’s model the electrons that surround the nucleus of the atom occupy defined energy levels or shells, and the electrons at these normal defined energy levels are said to be in its ground state. When these ground state electrons absorb energy (in the case of the flame test – the heat from the flame), they become excited and move to a higher energy level (shell). As the excited state electron is unstable at a higher energy level, it returns to its ground state to become stable again and in turn releases the energy absorbed in the form of photons, which can be seen in figure 2 [2] through the process of energy absorption and emission. [3].
[image: A diagram of a heat and emission with Ice hockey rink in the background
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[bookmark: _Toc170296240]Figure 2 Energy absorption and Emission
The following equations show how to determine the energy difference between energy levels () (Equation 1) and the constant speed of light (c = 3.0 x 108 ms-1) (Equation 2) using the frequency of light in Hz (f), the wavelength in Nm () and the Planck constant (h = 6.63 x10-23Js) [4]
[bookmark: _Toc170296248]Equation 1 Difference between energy level equation

[bookmark: _Toc170296249]Equation 2 Constant speed of light equation

Equation 2 shows that the frequency and wavelength of the photon are inversely proportional to each other in the sense that if the photon has a larger wavelength, it will have a smaller frequency and a smaller wavelength will a have a larger frequency.
[bookmark: _Toc170297945]Results
Table 1 shows the results of the flame test carried out by the learner and fellow students.
[bookmark: _Toc170296244]Table 1 Flame Test results
	Unknown metal salt solution
	Flame colour
	Identity of metal
	Wavelength (nm)(estimated)

	De-ionised water
	Orange
	--
	--

	1 M HCL
	Green/Blue
	--
	--

	A
	Yellow/Orange
	Sodium 
	600

	B
	Lavender
	Potassium
	400

	C
	Red/Orange
	Calcium
	625

	D
	Red
	Strontium
	750

	E
	Blue/Green
	Copper
	500

	F
	Red/Pink
	Lithium
	650

	G
	Yellow/Green
	Barium
	570

	H
	Orange/Lavender
	Sodium/ Potassium
	600/400



During the experiment, the learner had to retest solutions E, G and H at the request of the lecturer due to concern that the observations of colour may have been incorrect. Upon retesting these samples, the learner determined the correct metal salt solution by reassessing the colour of the flame produced.
[bookmark: _Toc170297946]Discussion
The results showed that metal ions do indeed produce different colour flames dependant on the frequency of light and the wavelength of the photon released. This in turn shows the variation in energy that is produced by the release of photons is determined by the inverse proportion of frequency to wavelength. This can be seen in the comparison of solutions D and B below in the difference between energy produced.
Using the equation 1 and 2, equation 2 can be rearranged to determine the frequency of light for the photon and in turn be used to determine the change between the energy levels. These equations were used to determine the change between energy levels, and frequency of light for solution D - Strontium and solution B – Potassium as we already had the estimated wavelengths.
Solution D – Strontium ( =750)
 	f = 3.0 x 108/ 750	f =400000 Hz
	= 6.63 x 10-34 x 400000	= 2.652 x10-28
Solution B – Potassium ( =400)
 	f = 3.0 x 108/ 400	f =750000
	= 6.63 x 10-34 x750000	= 4.9725 x10-28

The relevance of this experiment to OME is that it can provide a rough and ready compositional analysis of explosive or pyrotechnic compounds that produce different colour lights depending on the ordinance or pyrotechnic application. This test can be used during OME composition development to ensure that the correct colour of light is being produced for the ordinance or pyrotechnic.
One area of OME that incorporates the ability for compounds to provided different colours are pyrotechnic countermeasures (flares) used by jet fighters, fixed wing aircraft or helicopters. An example of this is sulphur-based flare compositions, which are fired during flight when the aircraft is under attack (normally by IR lead missile) to act as a decoy and provide an imitation of thermal signature of the aircraft. [5]
Another area of OME that incorporates the ability for metal ions to produce different colours are tracer ammunition. A report issued by the US Army Human Engineering Laboratory issued in February 1975 documents the findings of an alternative type of tracer ammunition [6]. This ammunition was coated with a pyrotechnic material that would fluoresce in flight comparing to the previous standard of having a pyrotechnic cavity at the back of the bullet. This experiment was carried out by 20 soldiers each firing 80 rounds with observations carried out to determine if the tracer was seen.
The main limitations or potential sources of error in this experiment come from the subjectivity of the learner’s ability to observe and determine the colour of the light produced.  All though colour is constant in comparison to the visible light spectrum this can be interpreted differently by person to person. Another source of potential error is the cleanliness of the metal rod to which the sample is applied on to the flame. If a proper cleaning regime is not carried out correctly then contamination could be present and thus skew the colour of the flame produced, giving a false result.
[bookmark: _Toc170297947]Conclusion
The learner managed to determine each of the unknown metal salt solutions using the flame test experiment and the results in table 1 were comparable to the expected results seen in appendix B. The learner determined that although this was a very subjective experiment it was suitable method to demonstrate the ability for metal ions to produce different colour flames. Further experimentation could be carried out in the form of spectrometry to further determine the metal salt solution composition with a much more controlled analytic method.
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[bookmark: _Toc170297950]Appendix A – Flame test method [4]
Lab tools and Supplies:
· Bunsen burner
· Heat-resistant mat
· Matches
· Metal Rod
· 1 M Solution of unknown metal salts labelled A-H 
· Beaker with 1M Hydrochloric acid (HCL)
· Beaker with Deionised water (DI Water)
· Blue Cobalt glass.
· Required PPE – Lab coats, nitrile gloves and Safety goggles conforming to correct EN standards.
· Pen and experiment hand out (including table for observations)
Procedure:
1. The Bunsen burn was placed on the heat-resistant mat and a match was used to light the flame. The air vent was open until a non-luminous flame with two blue cones was observed by the learner. The learner ensured that the safety yellow flame (visible) is on when the Bunsen burner was not in use.
2. Prior to testing the wire was cleaned by dipping it into the 1M HCL and heating it in the hottest part of the flame. This step was repeated multiple times until there was no colour change to the flame ensuring no impurities were present. After the 1M HCL clean the wire was dipped in the DI water and heated again to ensure that no HLC residue remained.
3. Note – Step 2 must be completed before and after each sample tested.
4. The learner ensured that the wire was cooled before dipping it in the solution of the unknown metal salt/mixture. The learner then heated the sample on the wire using the non-luminous flame in the hottest part of the flame and observed the coloured flame.
5. The learner then documented the observation in the table provided on the experiment handout.
6. The learner then repeated steps 2- 5 for each of the unknown samples labelled A-H.
7. The learner also recorded the colour of the flame of the DI water and the 1M HCL to use as point of reference at the start of the experiment.


8. 
[bookmark: _Toc170297951]Appendix B – Expected metal ion flame colours
Below is a visual example of the expected colour flames to be seen during flame tests for specific metal ions. [2]
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