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Introduction – 1.0
Aim – 1.1
The aim of the flame test experiment is to see what metal ions were present when heating a series of different substances under a flame. The objective is to determine what ions are present by cross referencing the findings with the current information which will find a conclusion on what is present in each substance. There are eight different substances in clear bottles marked A to H. One of the bottles has a mixture of two substances and utilising the blue cobalt glass will aid with working out which one this is. 
Hypothesis – 1.2 
The hypothesis is that the colours of the flame will closely resemble what is expected. By carrying out this experiment and cross referencing it will historical data give, an accurate conclusion as to what ions are present in each unknown substance should be concluded. 
Variables and equations – 1.3 
During this experiment there will be dependant, independent and control variables. The dependant variable will change as a result of the independent variable and therefore is the colour of the flame. The independent variable is being manipulated during the test so in this instance the different substances tested are as such. Control variables stay the same so the metal rod, Bunsen burner, water and hydrochloric acid are the control variables [1].

Below are the equations being used in the report. [Figure 1] 

	Metal Ion
	Flame Colour
	Metal ion
	Flame Colour

	Barium, Ba2+
	Yellow - Green
	Potassium, K+ 
	Lavender

	Calcium, Ca2+
	Red - Orange
	Sodium, Na+ 
	Yellow - Orange

	Lithium, Li+
	Red - Pink
	Copper, Cu2+ 
	Blue - Green

	Strontium, Sr2+ 
	Red
	Mixture ?
	Unknown ?


 [Figure 1]






Results – 2.0 
Below you will find the results table [Figure 2]
	Unknown Metal Salt
	Colour of Flame
	Identity of Metal
	Wavelength

	DL water
	-
	-
	-

	1 M HCL
	-
	-
	-

	A
	Yellow - Orange
	Sodium, Na+
	615 - 625

	B
	Lavender
	Potassium, K+ 
	390 – 400

	C
	Red - Orange
	Calcium, Ca2+
	625 – 650

	D
	Red
	Strontium, Sr2+
	700

	E
	Green
	Copper, Cu2+
	525

	F
	Red - Pink
	Lithium, Li+
	675

	G
	Yellow - Green
	Barium, Ba2+
	575

	H
	Orange + Purple
	Sodium, Na+  Mixed With  Potassium, K+
	625/400



[Figure 2] 


As a brief overview, some of the flame colours were not a precise match to the colour hypothesised. This may be due to contaminants and other factors that will be discussed in the discussion section of this report. Overall however the results show a successful experiment as each metal was identified. 











Discussion – 3.0 

The experiment results shows that some chemistry concepts have taken place. The first and most significant one to discuss is the chemical reactions. A report from Purdue University states, “When a metal or metal salt is added to a flame, a combustion reaction ensues. This reaction excites an electron in the metal from its ground state to a higher orbital.  In order to return to its ground state, the electron releases the additional energy in the form of light” [1]. It is clear that this has taken place during the experiment as it is observed that the flame changed colour when testing different substances and therefore proves that this is due to the electron releasing additional energy to return to its ground state. 
The relationship between wavelength, frequency and light is such that the energy being released during the burning is shown as light and light has certain wavelengths and frequencies, the higher the frequency the further the colour changes towards the purple/blue end of the perceivable light spectrum and the lower the frequency the colour will change towards the yellow/red end [2]. By using this information it is evident that the higher the energy in the metal ions the higher the frequency will be and the frequency is inversely proportional to wavelength therefore it will decrease with the increase of energy and wavelength. [3]
Planks constant will be used to prove this explanation.
Potassium had a lavender colour to it when burned and Planck’s constant proves it had a higher energy and frequency than Sodium which had a yellow/orange flame. 
E=λhc​=hf
Above is the equation for Planck’s constant [5], before using this equation to work out the energy the frequency of the wavelength must be calculated. By converting the wavelength of 400nm into meters and dividing by the speed of light the frequency number is given. 
Now by plugging the numbers into the equation the following energy is 4.966135e – 19J for potassium. The same equation is used for Sodium which had a higher wavelength of around 620 outputted an energy of 3.203958e – 19J. Therefore the energy and frequency was greater for Potassium opposed to Sodium which had a greater wavelength and proves the findings on the relationship between wavelength, frequency and energy. 
So in terms of OME how does this experiment transfer over and how is it relevant? There are many areas in OME that require this phenomenon, the most common would be in the use of countermeasures on fighter jets. Countermeasures rely heavily on this due to the frequency of light and heat having to be correct in order to confuse and guide a missile away from the intended target [4]. While the burning of metal ions is generally observed in commercial fireworks, it can also be found in tracer rounds that burn red phosphorous, smoke grenades and as previously mentioned countermeasures in planes. 

There were multiple limitations observed during the experiment, the main one was the difficulty in seeing what the flame colour was due to the previous substances contaminating the metal rod and giving flame colours that were not consistent with the expected colours. Also colour is somewhat subjective so occasionally disagreements with lab partners would occur and the test would have to be repeated again. 





















Conclusions – 4.0 
Overall it is easy to conclude that this experiment was successful as it proved accurately what metal ions were present in each substance when exposed to the flame. A couple areas that could be improved however would be using a different metal rod for each test substance as this will ensure it is not contaminated between tests. A higher content of metal salts could also be used to make the flame more prominent and could help avoid confusion. 
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Appendix – 6.0 

Equipment and Materials List – 6.1 
· Bunsen burner
· Matches
· Heat resistant mat
· Metal rod
· 1 M solutions of unknown metal salts labelled A – H 
· Beaker with 1 M HCL
· Blue cobalt glass
· Beaker with deionised water (DL water) 

Experiment Procedure – 6.2   
1. Place the Bunsen burner on heat resistant mat and light it, keep on safety flame until ready to burn metal ions and ensure flame is roaring blue when burning.
2. Dip the metal rod into the HCL and heat it under the blue flame (around the top) until no colour is shown 
3. Repeat the previous step but dip it into the DL to ensure no HCL is left on the metal rod 
4. Dip the rod into the first unknown solution and heat under the flame, ensure the metal rod is around the top of the blue cone part of the flame. Observe what colour is shown and use the cobalt glass to help you identify the mixed solution.
5. Go through and repeat steps 2 – 4 for each substance until completion. 
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