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Introduction

The flame test is an experiment that can be used to identify the presence of metal ions in different salts – using the flame test technique. When heated, metal ions will emit light – this will be evident in the coloured flame. The colour of the flame can differentiate the type of metal ion used. The purpose of this experiment is to identify the given unknown metal salt by observing the characteristic colours they produce when heated in a flame.

The hypothesis states that each metal salt will produce a distinct flame colour. This is based on the excitation and relaxation of electrons and the emittance of the electromagnetic wave.

Within this experiment the Independent Variable would be the type of metal salt being tested. The Dependent Variable would be the flame Colour and the corresponding wavelength. Lastly the Controlled Variable would be the concentration of metal solutions, use of the same Bunsen burner, and the cleaning of the metal wire between each metal salt. Using the metal wire, Hydrochloric acid was heated up, in between the test to aid the sterility of the metal wire. 

Another Controlled Variable is the use of blue cobalt glass. The blue glass acts as a filter when looking at the flame - to help identify the certain metal ions. The blue glass is useful when dealing with mixtures of metal salts, as it allows for better differentiation of overlapping flame colours – it helps us see the flames true colour.


Results

The experimental data includes the flame colours observed, the metal ions identified, and the estimated wavelength. Please see the table presented below:

	Unknown Metal Salt
	Flame Color
	Identified Metal Ion
	Estimated Wavelength (nm)

	Deionized Water
	Clear
	N/A
	N/A

	2 Molar HCl
	Clear
	N/A
	N/A

	A
	Orange/Pink
	Calcium (Ca²⁺)
	625 nm

	B
	White/Pale Pink/Purple
	Potassium (K⁺)
	400 nm

	C
	Red/Orange/Green
	Contaminated
	N/A

	D
	Bright Red/Pink
	Lithium (Li⁺)
	700 nm

	E
	Green/Blue
	Copper (Cu²⁺)
	500 nm

	F
	Red
	Strontium (Sr²⁺)
	750 nm

	G
	Green
	Barium (Ba²⁺)
	625 nm

	H
	Bright Pink (Blue Glass) / Orange to Naked Eye
	Lithium (Li⁺)
	700 nm



Discussion

During the experiment, we worked in pairs, which sometimes made it difficult to agree on the exact flame colour. Different people may perceive colours slightly differently, which leads to human error in observations. This was noticeable when testing an unknown metal salt that displayed multiple colours of flame, which suggested that a contamination has occurred. The contamination has made it challenging to determine the correct identity of the metal ion, which affects the accuracy of our results.

Additionally, two of our unknown metal salt was identified to both be lithium but we were uncertain if this identification was correct. Since the experiment relies heavily on visual perception, any slight difference in how the flame is viewed can lead to a misinterpretation of results. We did question the reliability of our recorded data. This highlights the needs of a more precise identification methods such as a spectrometer. This can provide an exact wavelength measurement.

Despite the challenges, the experiment is a valuable learning experience. It demonstrated the importance of careful observation and technique, as well as the potential limitations of the flame test due to contamination, human perception – overall human error. 

Conclusion

This experiment shows that metal ions emit characteristic flame colours due to electron transitions. However, the results highlighted several challenges, including human perception errors, contamination, and spectral interference. The use of the blue cobalt glass improved accuracy by filtering out the intense colour that allows a better identification of the unknown metal salts.

While the flame test is a simple method for metal ion identification, it has got limitations to what data we can receive. A consideration to improve the accuracy of future experiments is that a spectrometer can be used to measure the precise wavelength. While they provide accurate results, they are however, much more expensive in comparison to conducting a flame test.

Relevance to OME

In Ordnance, munitions and explosives (OME), flame test principle is used for material identification in explosives, fireworks, and forensic analysis. The emission spectra help detect trace metals in explosive residues, aiding in forensic investigation’s [1], [2]. Military detection systems use spectroscopy-based methods, like the flame test, to identify explosives in enemy ordnance [4].

1. Explosive and pyrotechnic composition analysis

The flame test can help identify metal ions in energetic materials used in military-grade explosives, propellants, and pyrotechnics [2].
Metals such as barium, strontium, and copper are used in military flares, tracer rounds, and signal flares [3].

2. Forensic and Post-Blast Analysis

Forensic teams can analyse the residual chemicals to determine the type of explosive used after a detonation [1], [4].
The flame test can be used to help detect traces of metal-based oxidisers and compounds at the scene [2].

3. Missile and Rocket Propulsion

Propellants and solid rocket fuels can contain metal additives that influence burn characteristics [5].
The flame test can be used to help analyse the combustion properties and ensures proper formulation for efficiency and stability [3].
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