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[bookmark: _Toc192773874]Introduction

[bookmark: _Toc192772898]The purpose of the flame test is to identify unknown metals through colours produced in the visible light spectrum. The hypothesis for this report suggested when a metal salt is given heat energy it will produce a coloured flame specific to each element. Dependant on the emission spectrum of each element different colours and intensities are produced relating to the energy released from the movement of electrons from a higher energy level to a lower one. The metal salts/mixtures acted as the independent variable producing a colour flame which was the dependant variable. Energy supplied through the heat of the Bunsen burner is absorbed by the electrons to allow the movement to the higher energy levels and colour produced from the movement back to a lower energy level. The Bunsen burner was controlled to produce a continuous blue flame and solutions placed in direct heat at the hottest point in the cone.










[bookmark: _Toc192773875]Results
	Order of test
	Unknown Metal Salt
	Colour of flame
	Comments
	Metal
	Metal Ion
	Wavelength (nm)

	
	
	Test 1
	Test 2
	
	
	
	

	1
	DI Water
	Clear
	Clear
	Required cleaning to get clear
	------------
	------
	---

	2
	2M HCl
	Clear
	Clear
	Required cleaning to get clear
	------------
	------
	---


	9
	A
	Dark Orange
	Dark Orange
	Visible through cobalt glass
	Sodium
	
	585

	4
	B
	Lilac/Orange
	Lilac/Orange
	Contamination from metal salt (H) High Intensity
	Potassium
	
	390

	6
	C
	Red/Orange
	Red/Orange
	Visible through cobalt glass. 
	Calcium
	
	620

	8
	D
	Red
	Red
	Mid intensity
	Strontium
	
	730

	7
	E
	Green
	Green
	Low intensity
	Copper
	
	490

	5
	F
	Pink/Red
	Pink/Red
	Mid intensity (Bright)
	Lithium
	
	660

	10
	G
	Green
	Green
	Flash of colour. Low Intensity
	Barium
	
	530

	3
	H
	Yellow/Orange
	Yellow/Orange
	Not visible through cobalt glass. High intensity
	Sodium Potassium mixture
	
	600


The wavelengths shown in the table were estimated from the colours and wavelengths of electromagnetic spectrum and are not exact. [image: ]
Figure 1 Visible light spectrum [1]
These results showed that each unknown salt/mixture produced a flame with its own characteristics. The flames varied in colour and intensity. The photon energy depends on wavelength and frequency so higher values will produce higher energy photons. Potassium had the smallest wavelength and in turn the highest energy producing a lilac colour. The metal with the longest wavelength and lowest energy was strontium producing a red flame. 
Within the experiment three metals produced similar colours in the orange region of the visible light spectrum. These were sodium, calcium and the sodium/potassium mixture. These could be differentiated due to the intensity of the sodium being much higher and the use of cobalt bolt to block out the glare from the sodium in the sodium/potassium mixture (H). 
Throughout the experiment the flames often had a hint of orange due to contamination from the sodium as it was difficult to clean from the metal rod. The cobalt glass was used to block out the glare and view the flames.
[bookmark: _Toc192772899][bookmark: _Toc192773876]Discussion
[bookmark: _Toc192772900][bookmark: _Toc192773877]Explanation
The energy an electron requires to move to a higher energy level is discrete and corresponds to specific wavelengths for each element [1]. Once an electron is excited through heat it moves to an empty higher energy level. As it moves into a higher energy level it become more unstable therefore drops back down to a lower energy level. This could be a singular or multiple transitions to the ground state. As the electron drops it releases electromagnetic waves in the form of photons with the energy being equal to the difference of energies between two energy levels. This exact energy is also associated with the frequency the photon is released which influenced the color of visible light produced.
[bookmark: _Toc192772901][bookmark: _Toc192773878]Relationship between energy, frequency and wavelength
As the energy is dependent on the frequency the equation  ,where h is Planck’s constant (J/s) and v is the frequency (Hz) applied. Photons in the visible light region also travel at the speed of light [2]  so the equation  applies, where c is the speed of light,  is the wavelength and  is the frequency. The photon energies and frequencies can be calculated using these formulas. 
Taking sodium as an example with a wavelength of 589nm [3].






Taking copper as an example with a wavelength 450nm [4]




From these examples photons emitted from a substance containing copper have a higher energy than sodium.

[bookmark: _Toc192772902][bookmark: _Toc192773879]Applications
Within the OME Industry electron emission phenomena is used in tracer ammunition. This ammunition uses a pyrotechnic composition made up of a fuel, an oxidiser and a binder to produce a visible trace. The fuels in this composition are often potassium which is ignited to produce an illuminated area in darkness [reference].  As well as physical applications electron excitation and emission also occurs naturally in the environment. Stars produce photons in fusion reactions which then enter the atmosphere and are absorbed by gas atoms such as hydrogen. This excites the gases and creates more photons of different frequencies and directions as a continuous spectrum [7].
[bookmark: _Toc192772903][bookmark: _Toc192773880]Limitations
Limitation in this experiment include the reliance on visual identification to see present metals. This is difficult in mixtures as more intense flames can block out other colours. It could also be difficult to differentiate between metals that produce similar colour flames. Residues could also be a source of error if not cleaned properly, for example the metal rod in this experiment often had sodium residue showing in the flame after cleaning multiple times.
[bookmark: _Toc192772904][bookmark: _Toc192773881]Conclusion
In conclusion the hypothesis of the flame test is backed up and proved for specific metal salts/mixtures different color flames are produced. The discrete energy between two energy levels will release a photon of a specific frequency when electrons drop from a higher energy level to ground state and produce a colored flame when placed under a Bunsen burner. For future experiments multiple solutions could be tested simultaneously to compare colors produced continuously  
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[bookmark: _Toc192772907][bookmark: _Toc192773884]Materials and Method
PPE – Safety Glasses, Lab Coat, Gloves
Equipment – Bunsen burner, heat resistant mat, matches, metal sample rod, unknown solutions A-H, HCl, deionized water, cobalt glass

Procedure:
[bookmark: _GoBack]1 – Bunsen burner placed on heat resistant mat and connected to gas supply. Lighted with match open vent for orange safety flame (always used when solution not on flame)
2 – Wire cleaned using HCL, dipped in HCL and placed onto 1st cone in Bunsen burner when vent closed. Repeated until clear flame
3- Metal rod placed in DI water to cool and remove HCL residue, rod then placed in 1st cone blue flame until burns clear. Step 2 and 3 repeated until wire burns clear and after each unknown solution.
4 – Wire dipped in unknown solution (A-H) and placed in 1st cone of Bunsen burner.
5 – Color of flame and characteriscs observed and recorded.
6 – Cobalt glass used to view flame through blocking out the yellow flame from sodium and identify solution that is a mixture.
7 – Repeat steps 4 to 6 for all solutions cleaning after every sample.
[bookmark: _Toc192772908][bookmark: _Toc192773885]Original Data Sheet
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Observations and Identificat

Complete the table below. Based on the observed colour of the flame and Table 1, identify the
mital 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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Wave length in nanometres
625-750 Red

Radio waves

Microwaves 590-625 Orange

Infrared 565-590 Yellow

500-565 Green

485-500 Cyan

Ultraviolet

450-485 Blue
X-rays
380450 Violet

i

Gamma rays




