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[bookmark: _Toc159235826]Introduction:
A flame test can be used to determine the presence of certain metals in chemical compounds. We conducted this experiment as an introduction to the flame test process. The aim being to identify which metals were present in compounds labelled as A, B, C, D, E, F, G, H by visually identifying the colour produced when the compound is heated. An explanation of the results that were discovered will then be discussed.
Hypothesis:
It will be possible to identify which compounds contain which metals from the colour of the flame produced when the compound is heated. The colour produced when heated of the metal compounds nearer Violet on the electromagnetic spectrum will produce more energy than those that burn Red.

Variables:
· Heat applied to the compound.
· Amount of metal in the compound.
· Level of metal compound remaining on the rod even after cleaning.
Equations:
ΔE = h x f 
C = f x λ
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Equipment and materials:
· Bunsen burner
· Heat- resistant mat
· Metal rod
· Matches
· 8 different solutions of metal salts labelled A-H
· Beaker with 1 M HCL
· Beaker with DI water
· Blue cobalt glass

Procedure:
1. Set up a Bunsen burner on a heat resistant mat and make sure your beakers of solutions and metal rod are safely accessible.
2. Turn Bunsen burner from safety flame to blue flame and prepare one of the samples you have not tested yet.
3. Clean your metal rod by dipping it in HCL, shaking off excess, putting the end of the rod into Bunsen burner flame until the flame colour is neutral. Cool in Water and repeat this process once more.
4. Dip cleaned rod into the solution you wish to test and present it to the corona of the flame for the best results.
5. Observe the result through the cobalt glass.
6. Repeat the cleaning process and test the solution again as many times as you need to until satisfied with your result. (May need to test some solutions without the cobalt glass)
7. Record the Result and then repeat steps 3 – 6.
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	Unknown metal Salt
	Colour of the flame
	Identity of metal
	Wavelength(approx.)

	A
	Yellow
	Sodium, Na
	590nm

	B
	Red
	Strontium, Sr
	700nm

	C
	Orange
	Calcium, Ca
	610nm

	D
	Lavender
	Potassium, K
	440nm

	E
	Green
	Barium, Ba
	520nm

	F
	Pink
	Lithium, Li
	650nm

	G
	Blue/green
	Copper, Cu
	500nm

	H
	Yellow + lavender
	Sodium + Potassium
	600nm
400nm



We found the flame test to be a quick method of identifying if there were any metal ions of a certain type in a compound. However, we also observed that it can be difficult to determine which colours were displayed when heating the compound if the colours where close together on the visible spectrum such as yellow and orange or Red and pink.










Discussion:
Each different metal Ion produced a different flame colour confirming that the flame test can be used to identify if there is a type of metal in a compound. Let’s look at the results produced by potassium and strontium and calculate the approximate energy delta for both.

f = c / λ
f = (3.0 * 10^8) / (4.4 * 10^-7)
f = 6.82 * 10^6 Hz
Potassium ion frequency = 6.82 * 10^14 Hz
f = (3.0 * 10^8) / (7.0 * 10^-7)
f = 4.28 * 10^14 Hz
Strontium ion frequency = 4.28 * 10^14 Hz
ΔE = h x f 
h = Planck constant 6.63 * 10^-34 Js
ΔE = (6.63 * 10^-34) x (6.82 * 10^6)
Potassium Ion ΔE = 4.52*10^-27 Js (2dps)
ΔE = (6.63 * 10^-34) x (4.28 * 10^14)
Strontium ion ΔE = 2.84*10^-19 Js (2dps)
The potassium ion when heated produces a lavender coloured flame with a wavelength of 440nm. As C is the constant speed of light, we can deduce that a shorter wavelength = a higher frequency. The colour red produced by the strontium Ion when heated has a longer wavelength of 700nm and from the calculations above we can see it has a lower frequency. According to the formula to calculate the energy delta potassium releases a greater amount of energy as light during the emission state than Strontium.
This fundamental chemistry technique can be adapted to fluorescence spectroscopy which has a use case in OME for safely detecting highly sensitive materials like TNT or RDX in an area without exciting the materials by analysing the wavelengths emitted when excited by an x ray as opposed to a Bunsen burner. [1]
Using more potent salts to produce a brighter light could also be used in equipment such as coloured signal flares and tracer rounds.
Although this method of executing the flame test produced quick results there were a few potential changes that could be made for more accurate results:
· Use of a new metal rod for each substance to avoid contamination.
· Human interpretation of colour is subjective. Could use a spectrometer to measure the emissions for a more objective result.
· Concentration of the metal ions in the salts could have some effect on the result.
· In this case the samples were not labelled with their contents as a component of the lab work was to test our skills in performing the test. However, if we only wanted to analyse the wavelengths of light produced it would be better to label each sample accurately.
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As in the hypothesis it was possible to identify the metal ions in each salt by looking at the colour of the flame. It is also clear that light closer to violet has higher energy than that closer to red due to the frequency of the waves being greater.
For further research, it would be interesting to explore the effect of multiple different metal ions in a single compound as was test with the sodium + potassium compound to examine the accuracy of measuring the colours with the human eye. If it would prove accurate enough, then it would be possible to identify impurities in certain compounds quickly. This could be employed in forensic technique where time and the location present limiting factors.
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