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[bookmark: _Toc51833421][bookmark: _Toc192572146]Introduction
[bookmark: _Toc192572147]Purpose of Experiment
The purpose of a flame test experiment is to identify different metal ions present in a compound [1].

[bookmark: _Toc192572148]Hypothesis 
As the experiment’s name suggests, the compound is heated by a controlled flame. The solution is held inside the corona of the non-luminous flame. When heated, metal ions will absorb IR radiation of a unique wavelength which corresponds to the wavelength of the photon emitted. This absorption of heat energy causes the electrons inside of the metal ion to be elevated to a higher energy state. Due to the electrons wanting to be at a ground state level of energy, the heat energy is converted into a photon resulting in emission of light. 

[bookmark: _Toc192572149]Variables [image: ]
[bookmark: _Toc192572160]Figure 1 The absorption of heat energy into an electron which elevates it from the ground state through to an excited state and back down again leading to an emission of light.




The independent variables during the experiment showed that when heated some metal ions will emit a specific wavelength of visible light which is unique to the ion’s emission spectra. The dependent variable is the different colours of the flame observed when the solutions are heated in the flame. Finally, the control variables are the same heat must be uses on all solutions and at the same height in the flame to get even heating and exposure. During the experiment these variables were consider and kept at the forefront of the student’s mind insuring get a fair and accurate experiment.
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[bookmark: _Toc192572150]Results
[bookmark: _Toc192572151]Data Analysis
	Unknown Metal Salt
	Colour of the flame
	Identity of metal
	Wavelength 

	DI water
	Blue Flame
(No Colour Change)
	Blue Flame
(No Colour Change)
	N/A
	N/A

	1 M HCl
	Blue Flame
(No Colour Change)
	Blue Flame
(No Colour Change)
	N/A
	N/A

	A
	Yellow
	Yellow
	Sodium
	590nm

	B
	Lavender
	Lavender
	Potassium
	400nm

	C
	Orange
	Orange
	Calcium
	620nm

	D
	Red
	Red
	Strontium 
	700nm

	E
	Blue/Green
	Blue/Green
	Copper
	475nm

	F
	Red/Pink
	Red/Pink
	Lithium
	650nm

	G
	Green
	Green
	Barium
	550nm

	H
	Yellow and Lavender
	Yellow and Lavender
	Sodium/Potassium 
	590nm/400nm


[bookmark: _Toc192510348]Table 1 Copy of results from in lab testing.
The colour of the light depends on the metal ion in the salt. The following metal ions were in the solutions tested by the students.
	Metal Ion
	Flame Colour
	Metal Ion
	Flame Colour

	Barium, Ba2+
	GREEN
	Potassium, K+
	LAVENDER

	Calcium, Ca2+
	ORANGE
	Sodium, Na+
	YELLOW

	Lithium, Li+
	RED/PINK
	Copper, Cu2+
	BLUE/GREEN

	Strontium, Sr2+
	RED
	
	


[bookmark: _Toc192510349]Table 2 Copy metal ions and corresponding flame colours.

Through multiple tests of each metal salt solution, the students both agreed on the colour of flame for each sample and roughly the specific wavelength of the different metal ions’ absorption and emission spectra. 


[bookmark: _Toc192572152]Discussion
[bookmark: _Toc192572153]Interpretation of experimental results 
After working out the wavelength of the light, the student was able to work out the energy difference between the different ‘states’ of an electron.
Frequency, f, and the wavelength, , are inversely proportional.
[bookmark: _Toc192510358]Equation 1 – Speed of light 
					
c = 3.0 × 108 ms-1 is the constant speed of light.
f is a frequency of light in Hz (s-1). 
The energy difference between the high energy level and the low energy level is related to the frequency of the emitted light.
[bookmark: _Toc192510359]Equation 2 - Planck Relation

E is the energy difference between the energy levels
h is a Planck constant (h = 6.63 × 10-34 Js)
In energy wave theory, Planck’s relation describes the energy of a transverse wave emitted or absorbed, as an electron transitions energy levels in an atom [2]. The wavelength of the light produced by the metal ion when heated can be used to work out the frequency of the light being emitted. 
Due to the simple re-arrangement of the equation 1, there is a clear relationship between the equations 1 and 2 which helps to show that with every emission of visual light there is a change in energy inside the atom. The students whose results were listed in (Table 1) also used their results to help prove that since metal ions emit a unique colour photon the emission spectra can be used to identify the ions present in all different solutions. 
[bookmark: _Toc192572154]OME Applications 
The experiment has some relevance to OME due to the metal ions being used in fireworks and candles. Fireworks are considered as a pyrotechnic ordnance and the same principles apply where the metal ions produce the different colours seen. Since 2008 there has been a greater push for a less environmental impact with civilian and military use of pyrotechnics, this has made people in the scientific community push for a ‘green’ firework. The solution involves derivatives of tetrazoles and tetrazines [3], which are natural derivate chemicals which therefore has less of an impact on the environment, however still producing the same needed result. Other OME uses of pyrotechnics which aren’t fireworks involve ‘candles’, in a defence sense, they use the same range of metal ions to help produce the same effects as normal fireworks. One example of these products is ‘roman candles’ otherwise known as flares they are fired normally as mortars by ground troops and sometimes modular artillery.

[bookmark: _Toc192572155]Limitations and Errors 
Firstly, the test has some major limitations which is that the results depend on the concentrations of the solutions which can makes lower concentrations harder to determine. The metal ions’ brightnesses can vary, which makes determining the colour a challenge. Secondly, the test doesn’t allow the students the ability to calculate the quantity of the ions present in the solution. Finally, contamination between the different solutions can make identifying the insensitive ions present more difficult. Contamination can be reduced with the use of different wires for each solution, however during the experiment this was not used due to equipment restraints. During the experiment, efforts were made to reduce contamination by extensive cleaning of the test wire in DI water and a 1M solution of HCI a minimum of two times before and after each test.


[bookmark: _Toc290554239][bookmark: _Toc299621204][bookmark: _Toc299631429][bookmark: _Toc299631491][bookmark: _Toc299631581][bookmark: _Toc299631657][bookmark: _Toc192572156]Conclusions
[bookmark: _Toc192572157]Summary
The main findings of the experiment support the original hypothesis despite the limitations and errors occurred. The results show that when heated, metal ions will absorb IR radiation of a unique wavelength which corresponds to the wavelength of the photon emitted. These emission spectra are unique to the metal ion and can help determine the ions present in a solution. If the experiment was conducted again, a focus on reducing cross-contamination of the different solution would be the highest priority. To help develop future research the experiment can be used in non-lab setting, such as a warzone, to help people determine what elements and compounds are in a sample of drinking water to see if there is any contamination.


References

[1] 	M. J. Sanger, “Flame Tests: Which Ion Causes the Color?,” Journal of Chemical Education , vol. 81, no. 12, 2004. 
[2] 	Energy Wave Theory, “E=hf,” 2025. [Online]. Available: https://energywavetheory.com/equations/ehf/#:~:text=The%20equation%2C%20E%3Dhf%2C,f)%20of%20the%20electromagnetic%20wave.. [Accessed 24 02 2025].
[3] 	D. G. S. P. T. Klapötke, ““Green” Pyrotechnics: A Chemists' Challenge,” 2008.






[bookmark: _Toc51833420]



14
[bookmark: _Toc290554258][bookmark: _Toc299621223][bookmark: _Toc299631448][bookmark: _Toc299631510][bookmark: _Toc299631600][bookmark: _Toc299631676][bookmark: _Toc137806476]Appendices
Materials and Methods
Lab tools and supplies
· Bunsen burner
· Heat-resistant mat
· Matches
· Metal wire rod
· 1M solutions of unknown metal salts labelled A-H
· Beaker with 1M HCI
· Beaker of DI water
· Blue cobalt glass

Procedure
1. Firstly, set up a Bunsen burner on the surface of the heat-resistant mat. Light the burner ensure that the safety yellow flame is on when lighting the Bunsen burner and when it is not in use. Open the air vent to obtain a non-luminous flame with two blue cones. 
1. Secondly to clean the wire, dip the wire first in 1M HCl and then heat in the corona of the two flames repeat twice. Next dip into the DI water and repeat the same steps just completed with the 1M HCI. Record the colour of the flame for DI water and 1 M HCl. Repeat this step several times until no colour is shown. If the flame’s colour changes, there is still an impurity and contamination on the wire. 
1. Repeat step 2 before/after each test.
1. Cool down the wire and dip it in the solution of an unknown metal salt/mixture. Heat the wire in the hot part of the flame to ensure fair and accurate testing. To help identify the sodium and potassium mixed solution use the cobalt glass to identify the mixture of sodium and potassium.
1. Repeat steps 2-4 for all other unknown samples. 

Cobalt Glass
The use of cobalt glass is the eliminated the sodium flames colour so that less vibrant colours can be seen. The glass’s importance was seen when the students use the cobalt glass to help identify solution H which was the mix of sodium and potassium ions. Potassium’s lavender flame is not vibrant and difficult to see when it is the only compound in the solution was unidentifiable when surround by the sodium’s overwhelming bright yellow flame 





Original Data Sheet
Scan of original data sheet
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