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[bookmark: _Toc161182936]Introduction:
[bookmark: _Toc161182937]Purpose of the experiment:
The aim of the flame test experiment is to qualitatively determine the presence of specific metals in chemical compounds. 
When thermal energy is supplied to electrons, they become excited. This manifests by them leaving the ground state and being promoted to a higher energy, excited state. Electrons cannot remain in the excited state so quickly return to the ground state and emit the energy which is equal to the difference in energy between the ground state and excited state in the form of a photon. A photons energy is inversely proportional to its wavelength therefore the different amounts of energy emitted will result in different colours of visible light photons.
The flame test is performed, and the flame is viewed by the participants decide the colour. With this, the chemicals present in the compound can be deduced with known data and the wavelength can be estimated.

[bookmark: _Toc161182938]Hypotheses:
· The chemical compound containing barium (Ba2+) will burn green.
· The chemical compound containing calcium (Ca2+) will burn orange.
· The chemical compound containing lithium (Li+) will burn red/pink.
· The chemical compound containing strontium (Sr2+) will burn red.
· The chemical compound containing potassium (K+) will burn lavender.
· The chemical compound containing sodium (Na+) will burn yellow.
· The chemical compound containing copper (Cu2+) will burn blue/green.

[bookmark: _Toc161182939]Variables:
Independent – The chemical compound being burnt
Dependant – The colour of the flame
Control:
· Bunsen burner used 
· Cleaning process between tests
· Metal rod used
· Hight held in flame
· Lighting conditions viewing the colour in

[bookmark: _Toc161182940]Materials & Method:

Materials & Equipment:
· Bunsen burner
· Heat-resistant mat
· Matches
· Metal rod
· 1 M solutions of unknown metal salts labelled A-H
· Beaker with 1 M HCL
· Beaker with deionised water (DI water)
· Blue cobalt glass
· Lab coat
· Safety Goggles
· Gloves

Method:
1. Set up a Bunsen burner on the surface of a heat-resistant mat.
2. Light the Bunsen burner and open the air vent to switch it to a blue flame (when the Bunsen burner is not in use, switch it back to safety flame).
3. Dip the wire into the 1M HCl and heat in the hottest part of the flame to remove any impurities.
4. Repeat step 3 if the flame changes colour.
5. Dip the wire in DI water and heat in the hottest part of the flame to remove the residue of HCl from the wire.
6. Dip the wire into the solution of an unknown metal salt/mixture and heat in the hottest part of the flame.
7. Record the observed colour flame (use cobalt glass to identify the sodium-potassium mixture).
8. Repeat steps 3 to 7 for all solutions.
9. Record the colour of the flame for DI water and 1 M HCl.
[bookmark: _Toc161182941]Results:
	Unknown metal salt
	Colour of the flame
	Identity of metal
	Wavelength (±25nm)

	DI water
	No colour
	N/A
	N/A

	1M HCl
	No colour
	N/A
	N/A

	A
	Orange-Red
	Mix (K+, Ca2+)
	640

	B
	Dark-Red
	Sr2+
	760

	C
	Bright-Orange
	Na+
	640

	D
	Purple
	K+
	400

	E
	Blue-Green/Lime
	Ba2+
	520

	F
	Pink-Red
	Li+
	650

	G
	Green-Blue
	Cu2+
	500

	H
	Orange
	Ca2+
	620


Table 1: Table of results
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Figure 1: Spectrum used to estimate wavelengths of light
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	Sample B	   Sample G

[bookmark: _Toc161182942]Discussion:
The test was presumptive that the solutions contained one or more of a list of pre-determined metal salts. The test allowed the identification of which sample contained each metal salt.
The light emitted from sample B the flame burned deep red. By comparing to a spectrum, the wavelength of that light can be estimated as 760nm. The light emitted from sample G burned light blue and was estimated to be 500nm. As the speed of light is a constant (3x108 ms-1), the frequency is inversely proportional to the wavelength. The speed of a wave is calculated with the equation Speed = Wavelength x Frequency (v=λf). In the case of electromagnetic radiation, the equation can be re-written as Speed of Light (ms-1) = Wavelength (m) x Frequency (Hz) (c=λv).
For sample B: 
3x108 = 760x10-9 x v
3x108 / 760x10-9 = v
v = 3.947368421x1014 Hz
v ≈ 4x1014 Hz
For sample G:
3x108 = 500x10-9 x v
3x108 / 500x10-9 = v
	v = 6x1014 Hz
Next, the relationship between energy and frequency (Planck Relation) is as follows: Energy (J) = Planck Constant (6.63x10-34 Js) x Frequency (Hz) (E=hf).
For sample B:
	E = 6.63x10-34 x 4x1014
	E = 2.65x10-19 J
For sample G:
	E = 6.63x10-34 x 6x1014
	E = 3.98x10-19 J
These calculated values represent the energy of a single photon of the light emitted by combustion of samples B and G.
In the context of OME, the properties of these compounds make them useful for various uses. A few examples are flares and fireworks. Flares need to be different colours depending on purpose; distress flares are red, but flares designed to illuminate would be bright white. Using the different metal compounds gives the desired effects. Fireworks are usually intended to have as much variety as possible. Spectroscopy is a far more accurate practice used to determine the wavelengths of electro magnetic emissions. One use case is to determine the compounds present in detonations by analysing the fireball. Aluminium is present in a lot of pyrotechnics and explosives due to its very high burning temperature (3000K-4000K) and bright emissions [1]. Spectroscopy can be used to determine the amount of aluminium burning in the pyrotechnic/explosive as well as how hot and long it burns for.
Some limitations of this experiment include:
· The human eye can be inaccurate at identifying colours (especially colours which are similar to each other)
· The test presumes that only the specified list of metals are present. There may be other compounds which burn similar colours, which were not considered in this experiment.
· The test took place in a laboratory with bright lighting conditions. This could make the colour of the flames appear different due to light contamination.
· There may have been contamination from previous samples if cleaning process was not carried out properly or if it was ineffective.
[bookmark: _Toc161182943]Conclusion:
Assuming that only the pre-determined list of compounds were present, the hypothesis was correct and each sample was able to be identified by the colour of the flame.
In future iterations of this experiment, it could be conducted in a dark room with videoing equipment set up in order to be replayed to more accurately determine the exact colours. Alternatively, spectroscopy could be used to attain a higher degree of accuracy than estimating with the human eye.
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