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Introduction:

The purpose of the flame test experiment is to quickly and easily identify the metal ion of a compound. This is done by heating the solution and determining the colour change associated. This colour change arises due to the change in energy level of the outermost electron. It is excited to a higher energy shell then de-excites to its original shell, releasing a specific energy photon with a unique frequency and wavelength (relating to a colour). 

The hypotheses being tested are:
· Metal ions emit light when they are heated.
· Different metal ions have different colours associated.

Independent variable – The metal ion within the compound.
Dependent variable – The colour of the flame produced.
Control variables – Keep the same person determining the colour, Use roughly the same mols of solution, Maintain consistent room lighting, Hold the compound over the corona of the flame, When testing keep it on a roaring flame, Always remove any residue of the previous test using HCL and then deionised water.

Equations:   
     C = Speed of light (3108ms-1)      λ = Wavelength (m)      f = Frequency (Hz)
   ΔE = Change in energy      h = Planks constant (6.6310-34Js)       f = Frequency (Hz)

Materials and methods

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



Method:
· Set up the Bunsen burner on a heatproof mat. Light it and put it to a roaring flame by spinning the air vent open (Keep the safety flame on when not in use).
· Clean the nichrome loop wire by dipping in the 1M HCL solution beaker then heat at the corona of the roaring flame. Repeat this step until no colour is shown.
· Dip the wire in the deionised water beaker and heat to remove any HCL residue.
· Leave the wire to cool then dip it in the unknown solution.
· Heat the wire over the corona and record the observation (colour change).
· Use the cobalt glass to identify the sodium/ potassium mixture.
· Repeat steps until all unknown solutions have been tested and recorded.
· Record the colour of the flame for deionised water and 1M HCL.

Results:

	Unknown metal salt
	Colour of the flame
	Identity of metal
	Wavelength

	Deionised water
	Orange
	N/A
	N/A

	1M HCL
	Orange
	N/A
	N/A

	A
	Yellow
	Sodium/ Na+
	600nm

	B
	Red
	Strontium/ Sr2+
	650nm

	C
	Orange
	Calcium/ Ca2+
	600nm

	D
	Lavender
	Potassium/ K+
	410nm

	E
	Green
	Barium/ Ba2+
	565nm

	F
	Red/ Pink
	Lithium/ Li+
	650nm

	G
	Green/ Blue
	Copper/ Cu2+
	490nm

	H
	Orange
	Sodium/ Na+
Potassium/ K+
	600nm
410nm


Figure 1 – Results from Flame Test (All wavelength values - [1]).


Figure 2 – Visual display of metal ions and their emitted wavelengths (All wavelength values - [1]).
The key findings are that a wide array of different colours of the Electromagnetic spectrum were observed. From what was tested, potassium emits the lowest wavelength and strontium/ lithium emit the highest.
Discussion:

The experimental results showed the metal ions did emit light which changed colour based on the solution (metal ion). Colour is directly determined by the wavelength of the electromagnetic wave. This means the wavelength alters so by the equation   , with  being a constant, the frequency () must be different also. Furthermore, by equation, as frequency alters and  being a constant, the change in energy also varies. Therefore, by rule, the lower the wavelength the greater the frequency and thus a higher energy change. 
Comparing Lithium/ Li+ ions and Copper/ Cu2+ ions. Light emitted by Lithium has a wavelength of around 650nm. This means by using equation   and rearranging,  = 4.6214Hz. Then by equation  = 3.06-19J. By following the same procedure for Copper,  = 4.06-19J and hence more energy than the emitted lithium wave. This follows the rule stated in the paragraph above.
[image: Visible Light Spectrum Images – Browse 423,016 Stock Photos, Vectors, and  Video | Adobe Stock]
The further to the violet end of the electromagnetic spectrum, the lower the wavelength and thus higher the frequency and energy of the waves emitted.





Figure 3 – EM visible light spectrum [2].

The OME relevance of this experiment includes:
· Analysis of explosive residue, providing knowledge on compositions, origin and the manufacturing processes involved. 
· Quality control of the manufacturing process of explosives, verifying the presence and concentration of key metal ion materials.
· Flares, using the concept of flame spectroscopy to produce certain wavelengths of colours for detection. This is shown in [3], as different colours are used for differing purposes resulting in an array of different metal ions being used to make the flares. 
· Tracer rounds contain a pyrotechnic composition in the base that is ignited by the flame of the propellant producing colour via flame spectroscopy. This is documented in [4]. 

Other areas this experiment can be applied (excluding OME and fireworks):
· ‘Analysis of body fluids in clinical settings.
· Quality control for pharmaceutical products.
· Soil analysis for environmental studies.
· Elemental analysis of fertilisers in the agricultural sector.
· Detection of alloys and ferrous metals for industrial applications.
· Detection of metals in oils and residual fuels.’ [5]



Sources of error:
· Human error in the judgement of the colour. 
· Lighting conditions may affect perception of colour.
· Contamination of the nichrome loop, metal ion solution, distilled water.
· Hydrochloric acid must be concentrated enough to remove metal ion residue on the nichrome loop.
· The solution may contain multiple metal ions so an array of are colours produced, distorting human judgement.

Limitations:
· Subjective, based on who is observing the colour (not precise).
· Can only be used effectively for a solution containing one metal ion.
· Further research or experimental procedure must occur to find out the exact wavelength emitted.

Conclusion:

[bookmark: _GoBack]My findings do support my hypotheses stated earlier. This is because the metal ions did emit light when they were heated and the colour of the light did vary due to the metal ion being heated. Based on what was found, to improve for future experiments, using a flame photometer would improve the accuracy of the experiment by allowing for a precise qualitative wavelength value for the emitted light. Furthermore, opportunity’s to use near infra-red (NIR) spectroscopy are very promising in its ability ‘for correct compound identification within a given class of energetic materials, including nitro-aromatics, nitro-amines, nitrate esters, and peroxides’ [6, p.1]. This method is said to be more accurate, without the need of manual handling and being suited to prevent false-positive results making a much more compelling method over its competitors. However, the visual method we tested in the lab has its own benefits of being quick and easy making it more accessible to a volatile war environment. 

References: 

[1] “Coursehero,” (16/02/2024) Flame tests, Available: Flame Tests - Flame Tests Data Table Metal Ion Color of | Course Hero
[2] “Stockadobe,” (16/02/2024) Visible light spectrum, Available: Visible Light Spectrum Images – Browse 346,541 Stock Photos, Vectors, and Video | Adobe Stock
[3] Chris Woodford. “Explainthatstuff,” (16/02/2024) Flares, Available: How do flares and flare guns work? - Explain that Stuff
[4] Bogdan Gheorghe PULPEA, Cristian-Valentin NUȚĂ, Daniela PULPEA , Adrian ROTARIU, Eugen TRANĂ, Gabriela TOADER, Traian ROTARIU, Florin DÎRLOMAN, Pamfil ȘOMOIAG, Mihai Ionuț UNGUREANU, “CHARACTERIZATION OF PYROTECHNIC COMPOSITION USED IN TRACER AMMUNITIONS.,” UPB Scientific Bulletin, vol. 85, No. 2, pp. 186-198, 2023. Available:  VAPOR LIQUID (upb.ro)
[5] “LABMATE-online,” (17/02/2024) How does flame spectroscopy work, Available: How Does Flame Spectroscopy Work? Labmate Online (labmate-online.com)
[6] Irene M. van Damme, Pol Mestres-Fitó, Henk-Jan Ramaker, Annemieke W. C. Hulsbergen, Antoine E. D. M. van der Heijden, Ruben F. Kranenburg, Arian C. van Asten, “Rapid and On-Scene Chemical Identification of Intact Explosives with Portable Near-Infrared Spectroscopy and Multivariate Data Analysis.,” sensors, pp. 0-17, April 2023. Available: Sensors | Free Full-Text | Rapid and On-Scene Chemical Identification of Intact Explosives with Portable Near-Infrared Spectroscopy and Multivariate Data Analysis (mdpi.com)
Emitted wavelengths of metal ions
Wavelength (nm)	
Potassium/ K+	Copper/ Cu2+	Barium/ Ba2+	Calcium/ Ca2+	Sodium/ Na+	Lithium/ Li+	Strontium/ Sr2+	410	490	565	600	600	650	650	Metal ion 

Wavelength (nm) 

image1.jpeg
VISIBLE SPECTRUM

VioLET GREEN  YELOW  ORANGE





