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The flame test is used to identify different metals in chemical compounds. It is a qualitative analysis, and it was used in this lab report to determine the metal ions responsible for producing certain colours and comparing the results to a reference table of known producing colours. 
Colours occur when an atom is exposed to an energy, such as heat or electricity, and the electrons within that atom, situated in their lower-level ground state, move to a higher energy level, excited state. These electrons in a higher energy level cannot stay there and rapidly fall back to their ground state. This process subsequently releases the energy it received and emits photons of light. This produces wavelengths in the visible spectrum and thus produces a coloured flame.  Due to metal ions emitting a certain colour specific to wavelengths in the visible spectrum, you can therefore use emission spectra to conclude which metal ions you have and, in this experiment, identify an unknown sample which has been given.
The frequency of the light emitted can be related to energy levels when an electron moves from a ground to the excited state. This is shown in the below equation, where ΔE is the energy difference, h is Planck’s constant (6.63 x 1034 Js ), and ƒ is the frequency of light in Hz.

Wavelength λ and frequency ƒ are therefore inversely correlated. Where C is the speed of light constant (3 x 108  ms-1).

You can, therefore, find the emitted energy and frequency of each metal ion by assigning it a visible wavelength. Which will be shown in this report. 

The objective of this experiment is, therefore, to record and observe the different flame colours produced by the metal salts and use these observations to identify the mixture of metal salts in sample H
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The results from the flame test can be seen below in Table 1. 
	Unknown Metal Salt
	Colour of the Flame
	Identity of Metal
	Wavelength

	DI Water
	Colourless
	Colourless
	----
	----

	1 M HCl
	Colourless
	Colourless
	----
	----

	A
	Orange/Yellow
	Orange/Yellow
	Sodium
	600nm

	B
	Purple
	Purple
	Potassium
	780nm

	C
	Dark Orange/Red
	Dark Orange/Red
	Calcium
	650nm

	D
	Dark Red
	Dark Red
	Strontium
	750nm

	E
	Light green
	Light Green
	Copper
	520nm

	F
	Red/Pink
	Red/Pink
	Lithium
	680nm

	G
	Green
	Green
	Barium
	560nm

	H
	Deep Orange
	Deep Orange
	Sodium/Potassium Mix
	640nm



As deduced by the table, the Deionised water and Hydrochloric acid were colourless, providing no colour contamination. A few of the samples displayed an orange colour in varying degrees, and samples B, E and G displayed very vivid distinct colours indicative of their identity. 

1. Discussion
Metal ions produce a characteristic colour due to the energy change of electrons from returning to their ground state. The energy of the returning photons determines the wavelength of light emitted and consequentially produces a distinct visual colour. 
For example, sodium produces a yellow flame due to its emission of light around 589nm, Copper produces a blue/green colour due to its emission of visible light around 500-550nm. Potassium will emit a lavender flame, which can be difficult to observe, so a cobalt glass filter is often used. This is due to cobalt glass having the ability to absorb orange/yellow light that is emitted from sodium that will mask the purple colour of the Potassium, therefore making it easier to identify potassium.
The unknown mixed H sample produced a bright/orange flame, which immediately indicated the presence of sodium. When observed through cobalt glass, a purple tinge could be seen in the flame and therefore indicated the presence of potassium and identified this sample as a sodium/potassium mix. 
The relationship of wavelength, frequency and energy can be shown by using the colours found in this experiment and by using the equations displayed in the introduction of the report.
To illustrate this relationship, I have chosen the Sodium and Copper samples. 
The sodium example produced a yellow/orange flame in this experiment close to the wavelength of 600nm. The relationship between wavelength and frequency is given in the speed of light equation.

Therefore, by rearranging the equation, you will be given the frequency for sodium.


The energy can, therefore, be deduced by using Planck’s equation. 



This indicates that sodium corresponds to a lower energy level.
The same can be done with copper to find the frequency.


To, therefore, find its energy you can use Planck’s equation.



These results show that the blue/green flame produced by copper results from a higher energy transition than the yellow/orange flame produced by sodium.
A potential source of error found in this experiment was contamination of the wire due to not being cleaned properly between samples. This was seen in the potassium sample where strong orange colours were seen and was, therefore, hard to differentiate between the potassium and sodium mix in sample H. It could also be seen in the calcium sample, which displayed a dark orange with red hints, instead of a bright orange as it should; this was a result of the red/pink of the lithium sample being very hard to eliminate from the wire and therefore cross-contaminating into other samples. 
As mentioned above, potassium’s purple colour is known for being very weak, and therefore, a source of error could be not identifying it correctly due to being overshadowed by the bright yellow/orange of sodium.
The subjectivity of the persons completing the test can also be considered as the perception of colours can vary from person to person and therefore make it difficult when deciding colours. 
The relevance of this experiment in the OME (Ordnance, Munitions and Explosives) world is that metal ions are commonly found in pyrotechnics (fireworks) and can be helpful in forensic investigations. 
Fireworks achieve their colours by using metal salts, and these can be refined by emission spectroscopy to make colours stronger and brighter. [1] By investigating wavelengths and emitted light, researchers can develop pyrotechnics further, which enhances efficiency and vibrancy and makes them more environmentally friendly. 
The basic flame test principle is applied in forensic chemistry to detect munition residues from metal-based explosives. Barium and lead are common ammunition metals, and therefore, using advanced spectroscopy techniques can help identify these after an explosive event, such as identifying who fired a weapon and, therefore, assisting in forensic analysis [2]. Similarly, emission spectroscopy is used to detect traces of explosives in airports and, therefore, assist in combating terrorism and keeping people safe. 
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The flame test conducted in this experiment successfully demonstrated that different colours are produced by electron energy states within metal ions. The colours observed matched expected results from other flame tests conducted [3], and the unknown sample was successfully identified as a sodium/potassium mix and confirmed by the sample creator. The hypothesis was supported by this experiment due to distinct colours observed for each metal ion and the successful identification of the unknown sample.
Suggestions for future further work of this flame test could be using electron spectroscopy to measure the exact wavelengths of the light emitted and therefore eliminate the subjectiveness of this experiment. Future experiments could include exciting the electrons via another source, for example, plasma spectroscopy, which could help detect a wider range of elements. This test can also be adapted to help identify unknown metals using remote sensing and help confirm different elements on other planets. 
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· Bunsen Burner
· Appropriate PPE (googles, ab coat, nitrile gloves)
· Heat Resistant Mat
· Matches
· Wooden Rod with Metal Wire
· Beaker with 1 M Hydrochloric Acid
· Beaker with Deionised Water (DI water)
· Blue Cobalt Glass
· 8  x 1M Solutions of Unidentified Metal Salts Labelled A-H
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1. Set a heat-resistant mat on the table and place the Bunsen burner on top.
2. Make sure the Bunsen burner is in the closed vent position (safety flame) and light the Bunsen burner. 
3. Clean the metal wire by dipping it into the HCL and then, with the Bunsen burner on its blue flame, heat it in the hottest part of the flame. Repeat as necessary until the wire is burning clean, with no flame colour changes.
4. Dip the wire into the water to clean off the HCl and let cool.
5. Dip into one of the unknown solutions and again heat the wire in the hottest part of the blue flame. Record the colour observation using the cobalt glass in between your eyes and the flame to detect the mixture of sodium and potassium.
6. Repeat steps 3 and 4, cleaning the wire in between each unknown solution.
7. Repeat step 5 for all unknown solutions.
8. Conduct the same test for Deionised water and HCl and record the results.
9. 
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