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[bookmark: _Toc191817571]Abstract 
The ‘Flame Test’ is an experiment where an unknown compound is exposed to a high intensity flame. The purpose of which is the determination of the presence of previously identified metals in the unknown compound.
The hypothesised result of the following practical is that when exposed to the high intensity flame, the metal ion present in the compound will cause an emission of a photon of colour in the form of a flame, which can be compared to the ‘visible spectrum of light’ and the metals wavelengths can then be used to determine the metal ion. 
The experiment will have the control variable of the intensity of the flame, the cleaning procedure and the equipment used. These will remain constant in order to assure the results are fair and consistent. The independent variable of the experiment is the metal ion compound tested, this will be a compound of an unknown metal ion and salts. The dependant variable will be the resulted colour of the flame, this will be assessed visually and through blue cobalt glass. Importantly, the observation of the flame will be repeated however always observed by the same person to give consistent and fair results. 


[bookmark: _Toc191817572]Key words 
· Colour; any of the constituents into which light can be separated as in a spectrum or rainbow.1
· Wavelength; the distance between successive peaks or maxima of a wave.2
· Metal ion; an atom of a metal that has lost one or more electrons resulting in a positive charge.3
· Energy; Power transfer over time.
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[bookmark: _Toc191817575]List of Tables
	Unknown metal salt 
	Colour of the flame 
	Identify the metal 
	Wavelength (nm)

	DI Water
	Clear 
	-
	-

	2M HCI 
	Clear 
	-
	-

	A
	Orange/Pink
	Calcium 
	625

	B
	Pale Pink 
	Potassium 
	400

	C
	Ranging 
	CONTAMINATED 
	-

	D
	Red/Pink
	Lithium 
	700

	E
	Green/Blue 
	Copper 
	500

	F
	Deep Red
	Strontium 
	750

	G
	Ranging Green 
	Barium 
	525

	H
	Bright Pink 
	Sodium/Potassium 
	700


Figure 1
List of Equations 
	ΔE = h x f
	Energy difference = Planck constant x frequency 

	C = f x λ
	Speed of light = frequency x wavelength 

	
	







[bookmark: _Toc191817576]List of Abbreviations 
	M
	Mole 

	HCl
	Hydrochloride Acid Solution 

	nm
	Newton Meter 

	DI
	De-Ionised Water 

	h
	Planck Constant 

	
	





[bookmark: _Toc191817577]1 Results 
1.1 [bookmark: _Toc191817578]Experiment given results 
 Table 1 shows the table of results concluded form the ‘Flame Test Practical’.
	Unknown metal salt 
	Colour of the flame 
	Identify the metal 
	Wavelength (nm)

	DI Water
	Clear 
	-
	-

	2M HCI 
	Clear 
	-
	-

	A
	Orange/Pink
	Calcium 
	625

	B
	Lavender 
	Potassium 
	400

	C
	Ranging 
	CONTAMINATED 
	-

	D
	Red/Pink
	Lithium 
	700

	E
	Green/Blue 
	Copper 
	500

	F
	Deep Red
	Strontium 
	750

	G
	Ranging Green 
	Barium 
	525

	H
	Bright Pink 
	Sodium/Potassium 
	700


[image: ]Table 1
Figure 14 Shows where the correlating wavelength can be observed as colours using the visible light spectrum. 
1.2 [bookmark: _Toc191817579]Key findings and pattern observations  
The experiment will has the control variable of the intensity of the flame, the cleaning procedure and the equipment used. These remained constant in order to assure the results are fair and consistent. The independent variable of the experiment is the metal ion compound tested, this was a compound of an unknown metal ion and salts. The dependant variable is the measurement of the resulted colour of the flame, this will be assessed visually and through blue cobalt glass. Importantly, the observation of the flame will be repeated however always observed by the same person to give consistent and fair results. 
As shown in Table 1, the wavelength is consistently towards the right end of the visible light spectrum, Figure 1, between the yellow and red phase. Without the metal ions present, a low intensity flame should also appear in this wave length, this could suggest the low concentration of metal ions in the solution lead to a low colour intensity allowing the higher wavelength of the original flame colour to be more prominent. 





[bookmark: _Toc191817580]2 Discussion of Experiment   
[bookmark: _Toc191817581]2.1 Experimental Significance 
 To begin the experiment, a baseline of deionised water and hydrochloric acid was taken. If the presence caused a visible, coloured flame through the cobalt glass, this could have caused inaccurate results as the final colour would be a mix of the residue cleaning fluids and the tested metal ion. As shown in Table 1 both flame colours are completely colourless through the cobalt glass. 
Chemical B showed the lowest wavelength, producing a lavender coloured flame, suggesting a wavelength of ~400 nm. A wavelength this low suggests the metal ion of potassium. 
Chemical E showed the second lowest wavelength, producing a green/blue coloured flame, suggesting a wavelength of ~500 nm. A wavelength this low suggests the metal ion of copper.
Assume from the previously mentioned compounds and chemical C, all other compounds showed wavelengths between 625 – 750 nm. This low range could suggest minor contamination however does not indicate significant error or limitation. 
Chemical C  has been determined to be an outlier and removed from overall data conclusions as there is significant evidence that the data collected from the sample is due to extreme contamination. The flame moved through several different colours, suggesting the presence of multiple metal ions. Further testing at higher precision is necessary in order to determine the specific ions present. 
[bookmark: _Toc191817582]2.2 Relationship between wavelength, energy and frequency 
Fundamentally, understanding the relationship between wavelength, energy and frequency is the Einstein-Planck equation which is E (Energy of the Photon) = h (Planck constant) x f (frequency).  This means the energy of the emitted photon is inversely proportional to the frequency as h is a constant, as the frequency increases energy decreases. Secondly, frequency = speed of light / wavelength of emitted light. These two equations combine to show the relationships between wavelength, energy and frequency.5
[bookmark: _Toc191817583]2.2.1 Barium 
[image: ]When exposed to a high intensity flame, barium (Ba2+) will emit photons appearing green by the naked eye. This is because the corresponding wavelength is around 625 nm and using Figure 1, we can see this is observed as a green colour.
  When exploded to heat, the electrons move to a higher energy level briefly, release the energy in the form of emitted light before returning to the lower energy level. Ba2+ has a medium to high frequency and medium to high energy therefore has a medium to low wavelength (525 nm) , therefore appearing green.
[bookmark: _Toc191817584]2.2.2 Strontium 
When exposed to a high intensity flame, Strontium (Sr2+) will emit photons appearing red by the naked eye. This is because the corresponding wavelength is around 750 nm and using Figure 1, we can see this is observed as a red colour.
 When exploded to heat, the electrons move to a higher energy level briefly, release the energy in the form of emitted light before returning to the lower energy level. Sr2+ has a low frequency and low energy therefore has a high wavelength (750 nm), therefore appearing green.

[bookmark: _Toc191817585]2.3 Relevance to OME 
The flame test in used in OME industries when forensic analysis is used. This can include detection of residue composites as well as detection of composites in unknown mixtures and solutions.
Caution is advised during flame testing as exposure to heat can cause energetics to violently combust or explode. 
[bookmark: _Toc191817586]2.4 Social relevance 
Outside of OME, a common use of flame testing is in environmental research as soil samples and water samples can be tested for the presence of metal ions, both expected and unexpected. These results can show not just the presence of minerals or contamination, but the intensity of the flame can indicate the quantity of these metal ions.
A second common lab environmental where the flame test is used is in medical diagnostics. Although there is common metal ions found in blood and urine, when the quantity is outside of the considered norm, this can cause a multitude of medical issues. This is why blood and urine can be tested to show the type of ions present and the intensity of the flame gives a general idea of how potent the fluid is with the ion.6
[bookmark: _Toc191817587]2.5 Error and limitations 
Table 1, shows the designated metal ion compound, the flame colouring, the determined metal ion and the wavelength according to the photon emission. Due to the bias nature and human involvement, this test shows clear human error which can be misrepresented as the wrong metal ions. For example, what can be observed as blue/green, indicating copper, may appear as pure green, indicating barium to different people. 
The second conclusion regarding the experiment is the evidence of sample contamination. The metal ion present in chemical C appeared to have ranging metal ions displacing; yellow, green, blue and finally purple. This suggests the presence of sodium, barium, copper and perhaps potassium. A sample which shoes this great of range requires significant further testing to determine the ions present. 
As shown in Figure 1, the wavelength is consistently towards the right end of the visible light spectrum, Figure 2, between the yellow and red phase. This may be due to correct results or mishandling of the practical. Without the metal ion present, low intensity flames will appear in the same range. This could occur due to the ion no longer being present either from insufficient coating or fall away. 




[bookmark: _Toc191817588]3 Conclusion 
[bookmark: _Toc191817589]3.1 Summarisation
When metal ions burn, the energy levels of the electrons move to a higher level, emit energy in the form of light, and return to the original level. This energy determines the frequency and therefore the wavelength. This is observable through the visible spectrum of light. 
When there is contamination, further testing is required to ensure that the ions identified are accurate. There are many other errors associated with this process.
[bookmark: _Toc191817590]3.2 Future research 
The Royal Society of Chemistry has refined the technique over several years to best eliminate common mistakes, human error and other associated issues. As 2025, they remain that the procedure followed is the current best practice however, it is assumed to evolve over the next few years.7
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[bookmark: _Toc191817593]1 Materials and methods 
Materials
· Bunsen Burner
· Heat resistant mat
· Matches
· Metal rod
· 1 M solutions oof unknown metal salts labelled A-H
· Beaker with 1 M HCL 
· Beaker with deionised water 
· Blue Cobalt Glass 
Method
· The Bunsen burner is set up on a heat resistance mat, set alight using the match’s and held on a high intensity flame. 
· The wire is cleaned using the sterilisation of heat from the burner burner, deionised water and 1M HCL. Cobalt glass is used to ensure the flame is burning clear and there is no glow in residue on the wire. 
· The wire is submerged in the DI water and HCL solution and covered equally on all sides. 
· The wire is exposed to the high intensity heat and the colour of the flame through both the cobalt glass and by the naked eye is recorded for a baseline result which should result in a clear flame through the cobalt.
·  The wire is submerged in the salt solution and covered equally on all sides. 
· The wire is exposed to the high intensity heat and the colour of the flame through both the cobalt glass and by the naked eye is recorded.
· The last two steps are repeated for each chemical, exposing the wire to the cleaning process each time. 
[bookmark: _Toc191817594]2 Original Data sheet [image: ]
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Observations and Identification:

Complete the table below. Based on the observed colour of the flame and Table 1, identify the
metal ion in each unknown salt. Using the electromagnetic spectrum in Fig 2, estimate and report
with the appropriate unit the wavelength for each observed colour. Identify the solution

containing mixture of sodium and potassium:
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