Flame Test Lab Report.

[bookmark: _Toc161160336]Introduction
The purpose of this experiment is to perform a flame test (using flame photometry) on different salts to see if it is possible to identify the metal ions responsible for creating different colours. I will compare the flame colour to the colour reference table to see if I can identify the eight samples.

My hypothesis is that the flame will visibly change colour when different metal ions are burnt. I should be able to identify each change a predict roughly the wavelength, frequency and energy of the light.

The independent variable in the experiment are the solutions containing different metal ions. The dependent variable will be the change of flame colour produced by different wave lengths given off by the metal ions in the solutions. The control variables the heat of the flame, which I aim to keep similar by aiming for the hottest point, at the peak of the first blue cone. The metal rod I will control with a thorough clean before each use.

Equations:

∆E=  x  (∆E= change in energy (joules) ,  = 6.63x10-34 (Plancks constant), = frequency of light (Hz/s-1))
 =  ( = 3.0x108 ms-1 (constant speed of light)  = frequency of light (Hz/s-1)  = wavelength (nm)
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Materials and Methods
Materials:
The materials required for this experiment:
· Bunsen burner
· Heat resistant mat
· Matches
· Metal rod
· Solutions of unknown metal salts labelled as A-H
· Beaker of Hydrochloric acid
· Beaker of deionised water
· Blue cobalt glass
· Personal protective equipment (PPE) - (gloves, lab coat and goggles).

Method:
The method for conducting the experiment is to light the Bunsen burner stood on a heat resistant mat. Set the flame to orange (safety) when not in use and set to blue when in use. Clean the wire rod by dipping it first into the Hydrochloric acid then heating and repeating until all sign of colour has gone. The rod is then ready to clean in water to remove any remaining Hydrochloric acid before drying in the Bunsen. This cleaning process needs to be repeated after each chemical analysis. The next step is to wait for the metal rod to cool down, before dipping it into one of the sample solutions. The rod can then be heated on the hottest part of the flame and the colour change observed and noted. The cobalt glass can used to filter yellow light and make violet and blues easier to see. This will be needed to identify the Sodium and Potassium mixed solution. Record all results in a chart for calculation.
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The results of the experiment are recorded in the table below.				
	Unknown Metal Salt
	Flame Colour
	Metal identity
	Approximate Wavelength

	A
	Green
	Ba - Barium
	550nm

	B
	Red
	Sodium/ Potassium Mix
	650nm

	C
	Orange
	Ca - Calcium
	620nm

	D
	Lilac
	K - Potassium
	400nm

	E
	Yellow / Green
	Na - Sodium
	560nm

	F
	Red / Pink
	SR - Strontium
	700nm

	G
	Blue / Green
	Cu - Copper
	490nm

	H
	Pink
	Li- Lithum
	640nm


Table 1 – Experiment Results
[image: The visible light spectrum is the section of the electromagnetic radiation spectrum that is visible to the human eye.]
[bookmark: _Toc161159108]Figure i -Visible Light Spectrum [1]



	metal ion
	Flame colour
	Metal ion
	Flame colour

	barium, Ba2+
	GREEN
	potassium, K+
	LAVENDER

	calcium, Ca2+
	ORANGE
	sodium, Na+
	YELLOW

	lithium, Li+
	RED/PINK
	copper, Cu2+
	BLUE/GREEN

	strontium, Sr2+
	RED
	
	


Table 2 - Metal ions and corresponding flame colours. [2]
Column 1 shows the unknown solutions marked A-H. In column 2, the colours visible in the flame have been recorded. [2] Using table 2 it is possible to identify the metal ions based on the visible flame colour, and this is recorded in column 3. [1]Finally, it was possible to approximate the wavelength of the light using the chart in figure i. 
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The colours with the shortest wavelengths were the purples, blues and green. The longest wavelength were the reds, orange and pink. The longer the wavelength the lower the frequency. This can be shown the formula  Comparing the red result of the Strontium against the lilac of the Potassium would look like this.
	Strontium
	Potassium

	
	

	
	

	
	

	Hz/s-1
 (to 1 decimal place)
	Hz/s-1


This highlights how the reds, oranges and pinks have a lower frequency than the purples, blues and greens. The energy increases the shorter the wavelength is which is shown by using the formula ∆E=  x .
	Strontium
	Potassium

	∆E=  x 
	∆E=  x 

	 Hz/s-1
	 Hz/s-1

	 joules
(to 1 decimal place)
	 joules
(to 1 decimal place)


The coloured light is released as electrons get excited by increased heat energy. As the electrons reach and return from a higher energy state, they can move into higher orbitals and in the process release photons. These photons are how we see the colour changes.
The experiment was successful and useful for demonstrating the points raised but was not without limitations. The coloured flames didn’t last particularly long, and it can be hard to see the colour which could also be open to interpretation. There was a risk of not cleaning the metal rod sufficiently or contaminating the equipment/solutions. The risk of contamination was highlighted by the Sodium Potassium mix, which was harder to identify, particularly without the cobalt glass.
The National Research Council (US) Subcommittee on Military Smokes and Obscurants gives a detailed explanation of how the US military use coloured smoke. [3] The military uses colored smokes, disseminated via the M18 grenade or the M713, M715, or M716 40-millimeter (mm) cartridge, for signaling and marking and, in some cases, for training to simulate exposure to chemical-warfare agents.
[4] Pyrotechnic smoke is very commonly used in the military as a weapon and in photography as a background effect. The smoke signal can be sabotage, deceive, and paralyze the enemy forces as well as act as signal beacon. 
[bookmark: bfig7]Another military use for coloured smoke and light is for flares and decoy flares. Sadek et al. performed their study to enhance the performance of flares. Their experiment highlights the need achieve optimal light intensity through balancing of metal ions, fuel and binder. [5] The optimum ratio of color source NaNO3 to binder (Arabic gum) was optimized at different fuel types (Mg & Al). The dramatic finding and superior change in yellow flare performance was achieved with arabic gum at 12 Wt % with Al fuel. Yellow flare (F12) exhibited the highest average luminous intensity (cd/s) as demonstrated in Fig. 7.
Aside from Military, there are several domestic uses for coloured flames and smoke. Subuki et al. discuss it use [4] in photography as a background effect. It’s used in fireworks and pyrotechnics. The flame test experiment may be useful when designing or batch testing products listed above.
[bookmark: _Toc161160340]Conclusion
The findings of the experiment supported my hypothesis. It was possible to see the change in colours when heating different ions. I was able to identify the unknown solutions and roughly estimate the wavelength, frequency and energy of the light. Although the experiment was not without some limitations, mainly that the identification of colour being open to interpretation.
The experiment showed that the colours with shortest wavelengths were the ‘cold’ colours, blues and purples. The longer wavelength colours were at the other end of spectrum, reds, oranges and yellow. It proved the shorter the wavelength was the higher the frequency became. As the light was emitted once heating the ions, it shows the coloured light is coming from the electrons moving into and returning from higher orbitals in a higher energy state.
It could be interesting to following the experiment of Sadek et al. [5] and taking it further by finding the optimal light intensity of the other colours, I am sure this would have military benefits for tracer rounds described by the US National Research Council [3].
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The Visible Light Spectrum

The visible light spectrum is the section of the
electromagnetic radiation spectrum that is
visible to the human eye.
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