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[bookmark: _Toc51833421][bookmark: _Toc192854931]Introduction
[bookmark: _Toc192854932]Purpose of the Flame Test
[1] The flame test is used to identify qualitatively the presence of certain metals in chemical compounds. When heated in a flame, the metal ions will cause the flame to emit various colours dependent on the type of metal ions present. This is caused by putting thermal, or electrical, energy into an electron, causing the electron to promote from the ground state to an excited state. As the electron cannot remain in this excited state, it drops back to the lower energy level, emitting photons, which can be observed with the naked eye for specific metal ions, as shown in figure 1.
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[bookmark: _Toc192852563]Figure 1  - The transition of an electron from ground state to excited state and back due to thermal or electrical energy input.
The colours observed can be measured or estimated to obtain the wavelength of light emitted. This data can be used to calculate the energy difference between the metal ions' ground and excited states and the frequency of the light emitted.
[bookmark: _Toc192854933]Hypothesis
When heated in the flame of a Bunsen burner, each unknown metal salt emits a unique colour. Any metal salt containing sodium (Na+) will cause a yellow flame; for barium (Ba2+), it will be green, for calcium (Ca2+), orange, for lithium (Li+), red/pink, for strontium (Sr2+), red, for potassium (K+), lavender, and copper (Cu2+), blue/green.
[bookmark: _Toc192854934]Variables
The experiment's independent variable is the metal salts. The dependent variable is the colour of the flame when the metal salts are heated. The controlled variables in the experiment include the flame produced, the environmental lighting, and the cleanliness of the loop. The flame came from a Bunsen burner with the air vent open to produce a blue flame. The environmental lighting was kept consistent throughout the experiment. The loop used for the metal salts was cleaned in hydrochloric acid (HCl) before each salt was tested.




[bookmark: _Toc192854935]Results
[bookmark: _Toc192854936]Recorded Observations
The results shown in Table 2-1 are taken from the data sheet recorded in Appendix B.2.
[bookmark: _Toc192852566]Table 2‑1 – The observations from the flame test.
	Metal Salt
	Colour of the Flame
	Identity of Metal
	Estimated Wavelength of light (nm)

	A
	Orange- Yellow
	Orange
	Sodium
	630

	B
	Lavendar
	Lavendar
	Potassium
	405

	C
	Dark Orange/Red
	Dark Orange
	Calcium
	635

	D
	Red
	Red-Pink
	Strontium
	700

	E
	Blue-Green
	Blue-Green
	Copper
	485

	F
	Red
	Red-Pink
	Lithium
	675

	G
	Light Green
	Yellow-Green
	Barium
	560

	H
	Orange-Yellow
	Orange-Yellow
	Sodium Solution
	630

	DI water
	Yellow
	
	
	

	1M HCl
	Yellow
	
	
	


Through observations made during the experiment, the student could identify the metal salts based on the colour of light emitted from the flame. However, after repeating the experiment, the colour observed was similar but not always the same.
Based on the colour observed, the student then estimated the wavelength of light by comparing the colour emitted in the flame, to the colours and wavelengths of the visible electromagnetic spectrum (Figure 2) provided in the experimental procedure.
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[bookmark: _Toc192852564]Figure 2 – Colours and wavelengths of the visible electromagnetic spectrum

[bookmark: _Toc192854937]Calculations
[bookmark: _Toc192854938]Equations
Equation 1 calculates the frequency of light (f) by dividing the speed of light (c) by the wavelength of light ().
[bookmark: _Toc192852569]					Eq. 1
Equation 2 calculates the energy difference () between high and low energy levels, by multiplying the frequency of light emitted ( by Planck’s constant (.
[bookmark: _Toc192852570]
         Eq. 2
[bookmark: _Toc192854939]Calculations
Using the estimated wavelength of light, the frequency of light can be calculated using equation 1. The equation must be rearranged to make the subject of the equation. After rearranging, equation 1 becomes:
[bookmark: _Toc192852571]	Eq. 3
After substituting the wavelength of unknown metal salt A, and the constant for the speed of light, the equation reads as follows:

Solving the equation gives a frequency of   to 2 significant figures.
The energy difference between the higher and lower energy levels can be calculated by multiplying Planck’s constant, with the frequency of light:

Solving the equation gives an energy difference of .
This set of equations was applied to each unknown metal salt. The results are shown in Table 2-2. All answers are given to 2 significant figures.
[bookmark: _Toc192852567]Table 2‑2 – Calculated light wavelengths, frequencies and energy difference for each metal salt.
	Metal Salt
	Identity of metal
	Wavelength (nm)
	Frequency of light (Hz)
	Energy difference (J)

	A
	Sodium
	630
	4.8 x 1014
	3.2 x 1049

	B
	Potassium
	405
	7.4 x 1014
	4.9 x 1049

	C
	Calcium
	635
	4.7 x 1014
	3.1 x 1049

	D
	Strontium
	700
	4.3 x 1014
	2.8 x 1049

	E
	Copper
	485
	6.2 x 1014
	4.1 x 1049

	F
	Lithium
	675
	4.4 x 1014
	2.9 x 1049

	G
	Barium
	560
	5.4 x 1014
	3.6 x 1049

	H
	Sodium Solution
	630
	4.8 x 1014
	3.2 x 1049




[bookmark: _Toc192854940]Discussion
[bookmark: _Toc192854941]Key Findings
The flame test was an effective analysis technique for identifying the unknown metal salts. However, the observations were inconsistent when repeated measurements of metal salts were taken. This was likely due to some contamination on the loop; however, the wavelength of light emitted from the flame was similar for repeat measurements. Potential ways of improving this would be to use a sterilised loop for each metal salt to reduce the chance of cross-contamination.
As shown in Table 2-2, the shorter the wavelength of light emitted, the greater the energy difference between energy levels. [2,3] For potassium, a group 1 metal, the free electron sits within the 4th energy level, 4s1. When thermal energy is put into the atom, the electron promotes from 4s1 to 4p1, the electron in its excited state has a stronger repulsion from the positively charged nucleus, similar to how a rocket behaves in orbit. The greater the rocket's velocity, the greater its orbital path, as it counteracts the gravitational forces. Similarly, the electron orbits at a higher energy level, further away from the nucleus. The greater the energy required to get electrons into an excited state, the shorter the wavelength, and higher the frequency of the emitted light.
Unlike potassium, strontium has electrons orbiting at a greater energy level, 5s2. At higher energy levels, the intermolecular force attracting the electron to the nucleus is weaker due to the electron having greater energy. Because of this, less energy needs to be input to promote the electrons from 5s2 to a higher energy state, 5p2. When the electron returns to the ground state, less light energy will be emitted, causing the wavelength of the light to be longer and the frequency of light to be smaller.
[bookmark: _Toc192854942]Relevance to industry and potential limitations
The flame test can be utilised in several industries where identifying metallic compounds is essential. One such industry is the mining industry [4]; the flame test can be used to determine what metals are present within the mine and their purity.
For OME (ordnance, munitions, and explosives) industries, the flame test can be used for forensics to try and establish what metals may be present within an area of contaminated soil hit by exploded munitions. This is useful for determining what explosive was used.
The flame test is a useful analytical tool for gauging a rough estimation of metals in a chemical compound. The main benefits are that it is a cheap test that can be done near the contaminated area and doesn’t require bespoke equipment. However, it is not as precise as flame emission spectroscopy and other spectroscopy methods. Additionally, it is a destructive method of testing which can be problematic when working with a small sample size.




[bookmark: _Toc192854943]Conclusion
[bookmark: _Toc192854944]Conclusion
The flame test when performed using cobalt blue glass was an effective way of roughly identifying unknown metal salts. The findings support the hypothesis, that the different unknown metal salts will emit different wavelengths of light when heated in the flame of a Bunsen burner. The test is practical when information is needed on a short time scale, but not as accurate as other analytical experiments.
[bookmark: _Toc192854945]Review and further research
For future flame tests, using filters other than cobalt blue glass as a visual aid, such as didymium glass [5], may be beneficial. The cobalt blue glass functioned as needed, but the student found it easier to identify some compounds, such as potassium, without the filter. This is due to the filter's colour being too similar to the colour emitted by the flame. A drawback of the method used for this flame test is that it uses the naked eye to estimate wavelengths of light. This method is quite subjective, as the estimations are likely to be different for each technician. Utilising a camera that can measure wavelengths of light would lead to more accurate and precise results.
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Materials and Equipment
Equipment List
· Bunsen Burner
· Heat-resistant mat
· Box of Matches
· Clean Wire Loop
· 8 1M solutions of unknown metal salts labelled A-H
· Beaker filled with 1M solution of Hydrochloric Acid (HCl)
· Beaker filled with deionised water (DI water)
· Blue Cobalt Glass
Usage of Cobalt Glass
[1] Blue Cobalt Glass filters out yellow light emitted from burning sodium. This helps identify elements that emit blue and violet light and mixtures containing sodium. There are potentially better filters for use such as didymium glass.
Methodology
The original written procedure followed can be found in Appendix B.
1. A Bunsen burner was set up on a heat-resistant mat and lit with the air vent opened to obtain a non-luminous flame with two blue cones.
2. A clean wire loop was cleaned by being dipped into a solution of 1M HCl and heated in the hottest part of the flame produced by the Bunsen Burner. If the flame produced had a colour, this step would be repeated until no coloured flame was produced, this ensured there were no impurities on the wire.
3. The loop was dipped in DI water and heated to remove residual HCl.
4. The loop was cooled and then dipped into one of the labelled solutions (A-H). The coated loop was then immersed in the hottest part of the flame. The wire would burn with a coloured flame, observed through cobalt glass and then recorded. This step is repeated once per solution.
5. Steps 2-4 were repeated for each solution, DI water and 1M HCl solution.
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[bookmark: _Toc192852565]Figure 3 – Scanned data sheet used in the lab for the flame test.
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