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1 [bookmark: _Toc158996048][bookmark: _Toc51833421][bookmark: _Toc1209262274][bookmark: _Toc160732083]Introduction 

1.1 [bookmark: _Toc158996049][bookmark: _Toc377109597][bookmark: _Toc160732084]Purpose of Flame Test 
Preliminary test used to identify metal ions in chemical compounds using coloured flames produced when metal salts are heated. 

1.2 [bookmark: _Toc158996050][bookmark: _Toc623517204][bookmark: _Toc160732085]Hypothesis  
If the metal salt is heated using a Bunsen Burner, the colour of the flame produced will change dependant on the metal ion contained in the salt. 

1.3 [bookmark: _Toc158996051][bookmark: _Toc988928201][bookmark: _Toc160732086]Variables 
· Independent – Metal Salt
· Dependent – Colour/Wavelength of flame produced.
· Control – Quantity of metal salt used, temperature of flame, cleaning procedure between metal salts.

1.4 [bookmark: _Toc327357086][bookmark: _Toc160732087]Equations 
The difference in energy ( ) of the visible light spectrum is related to the frequency () of light emitted. 

[bookmark: _Ref160287772]Equation 1
Where  is Planck’s Constant (6.63 x 10-34 Js). 

The frequency () of the emitted light is inversely proportional to the wavelength ().

[bookmark: _Ref160287802]Equation 2
Where  is the constant speed of light (3 x 108 ms-1). 















[bookmark: _Toc158996052][bookmark: _Toc853687573][bookmark: _Toc160732088]2 Materials and Methods 
[bookmark: _Toc158996053][bookmark: _Toc358663370][bookmark: _Toc160732089]2.1 List of Materials and Equipment 
· Lab Coat
· Safety Goggles
· Nitrile Gloves
· Bunsen Burner
· Heatproof Mat
· Matches
· Blue Cobalt Glass 
· Nichrome Wire
· 1M Solutions of Metal Salts labelled A-H
· 1M HCl in Beaker
· [bookmark: _Toc158996054]Deionised (DI) Water in Beaker

[bookmark: _Toc831416736][bookmark: _Toc160732090]2.2 Experimental Procedure 
1. Don correct protective equipment (lab coat, safety goggles and nitrile gloves). Tie back long hair.
2. Place Bunsen burner on heatproof mat. Light using matches with air vent open to obtain safety flame.
3. Slowly close air vent to obtain non-luminous flame and prevent extinguishing. 
4. Dip nichrome wire into HCl, shaking off excess in beaker. Heat in hottest part of flame (area above inner cone). Repeat until no contamination is visible in flame.
5. Once finished heating, open air vent to return to safety flame. Repeat this step whenever Bunsen burner is not in use. 
6. Dip wire into DI water and heat as previously described to remove HCl residue. Repeat above cleaning process between samples.
7. Dip wire into solution of metal salt and heat.
8. Record observed colour of flame in results table. Use cobalt glass as well as naked eye to identify mixture of sodium and potassium.
9. Repeat for all samples of metal salts.
10. Use same method to record colour of flame produced by 1M HCl and DI water.












[bookmark: _Toc158996055][bookmark: _Toc2062224501][bookmark: _Toc160732091]3 Results 
[bookmark: _Toc1939037848][bookmark: _Toc160732092]3.1 Experimental Data

	Unknown Metal Salt
	Colour of Flame
	Identity of Metal
	Wavelength (nm)

	DI Water
	No Change 
	N/A
	N/A

	1M HCl
	No Change
	N/A
	N/A

	A
	Green
	Barium
	560

	B
	Red
	Strontium
	700

	C
	Orange/Yellow
	Sodium and Potassium
	610

	D
	Lavender
	Potassium
	400

	E
	Yellow
	Sodium
	580

	F
	Pink/Red
	Lithium
	640

	G
	Blue/Green
	Copper
	480

	H
	Orange
	Calcium
	620




 [image: Visible Light Spectrum Images – Browse 425,108 Stock Photos, Vectors, and  Video | Adobe Stock]
[bookmark: _Toc160287343][bookmark: _Toc160287462][bookmark: _Toc160298706][bookmark: _Toc160299410][bookmark: _Toc160299826]Figure 1 Colours and associated wavelengths of visible light used to determine wavelength of flame test results.
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[bookmark: _Toc160287344][bookmark: _Toc160287463][bookmark: _Toc160298707][bookmark: _Toc160299411][bookmark: _Toc160299827]Figure 2 Result of Flame Test for Metal Salt A			            Figure 3 Result of Flame Test Metal Salt B
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[bookmark: _Toc160287345][bookmark: _Toc160287464][bookmark: _Toc160298708][bookmark: _Toc160299412][bookmark: _Toc160299828]Figure 4 Result of Flame Test for Metal Salt C	               Figure 5 result of Flame Test for Metal Salt C through Cobalt Glass		        
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[bookmark: _Toc160287346][bookmark: _Toc160287465][bookmark: _Toc160298709][bookmark: _Toc160299413][bookmark: _Toc160299829]Figure 6 Result of Flame Test for Metal Salt D			              Figure 7 Result of Flame Test for Metal Salt E
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[bookmark: _Toc160287347][bookmark: _Toc160287466][bookmark: _Toc160298710][bookmark: _Toc160299414][bookmark: _Toc160299830]Figure 8 Result of Flame Test for Metal Salt F	              Figure 9 Result of Flame Test for Metal Salt G through Cobalt Glass
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[bookmark: _Toc160287348][bookmark: _Toc160287467][bookmark: _Toc160298711][bookmark: _Toc160299415][bookmark: _Toc160299831]Figure 10 Result of Flame Test for Metal Salt H















[bookmark: _Toc1849599499][bookmark: _Toc160732093]4 Discussion 

[bookmark: _Toc1289800608][bookmark: _Toc160732094]4.1 Interpretation of Experimental Results
When heated in the Bunsen burner, each unidentified metal salt produced a coloured flame (pictured above). As the metal salt was heated, an electron transitioned through the excited state before returning to ground state, emitting a photon. Each photon emitted possessed a different wavelength, subsequently demonstrating a different colour within the visible light spectrum, allowing the identification of the metal salt through the colour of flame produced [1]. 

Most of the metal salts produced an easily identifiable coloured flame however samples B, F and H all produced very similarly coloured flames making identification difficult. 

[bookmark: _Toc865014341][bookmark: _Toc160732095]4.2 Relationship between Wavelength and Frequency
· Potassium 
· Identified wavelength - 400 nm
· Using Equation 2, frequency calculated - 7.5 x 1014 Hz 
· Using Equation 1,  energy calculated - 4.97 x 10-19 J
· Strontium
· Identified wavelength - 700 nm
· Using Equation 2, frequency calculated - 4.29 x 1014 Hz
· Using Equation 1, energy calculated - 2.84 x 10-19 J 
· Wavelength is inversely proportional to frequency. 
· Energy is directly proportional to frequency.

[bookmark: _Toc627052999][bookmark: _Toc160732096]4.3 Relevance of Findings to OME
· Pyrotechnics and flares
· Flame chemistry is used in the development of different colour compositions (oxidizer, fuel, colourant, and a binder) used in pyrotechnics and flares using a range of spectrophotometric techniques such as colorimeters and spectrometers [2].
· Different colours of flames are produced upon the excitation of the colour compositions as demonstrated in the experiment. Colorants used are chosen considering their principal emission lines; physical and chemical properties and impact on environment [3]. 
· Tracers 
· Use the same principles as pyrotechnics and flares but on a smaller scale to produce a spectral emission following the path of ammunition [4].

[bookmark: _Toc895497833][bookmark: _Toc160732097]4.4 Limitations and Sources of Error
· Using the same nichrome for all metal salts lead to a high probability of chemical contamination. Despite the standardised cleaning procedure between samples, contamination was visible during tests. 
· Light contamination increased the difficulty of identification of metal salts, as some flames lacked difference in colour to the flame produced by the Bunsen burner [5]. The bright lighting of the lab also made samples such as D and E difficult to see due to lack of contrast.  
· As the human eye was used rather than a photometer, the results are both subjective and qualitative. Results are therefore not reliable and accuracy of identification of metal salts is limited.  










































[bookmark: _Toc1784627965][bookmark: _Toc160732098]5 Conclusion 

[bookmark: _Toc1209009379][bookmark: _Toc160732099]5.1 Summary of Findings
Each metal salt produced a different coloured flame due to the unique photon emitted during the transition of electrons, supporting the hypothesis of the experiment. However, as the test was subjective and provided qualitative results it was difficult to ensure accuracy when assigning each compound to its correct metal salt. 
[bookmark: _Toc1670331310][bookmark: _Toc160732100]5.2 Suggestions for Future Research
· More accurate ways to identify metals in compounds without requiring expensive equipment such as methods of reducing chemical contamination (using clean nichrome wires for each sample) and light contamination (conducting the experiment in a dark room).
· Trialling different colour compositions made from metals that have less impact on the environment (by producing toxic chemicals [3]) when undergoing thermal excitation. Conducting this experiment to see if same colour quality and luminescence is produced as current compositions. 
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