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Introduction
Aim of the Experiment.  
To perform a flame test on unknown metal salt compounds to identify the specific metal ions responsible for the colour of flame by comparing the resultant flame colour against the visible electromagnetic spectrum. 
Flame Photometry.
Many metal ions, when heated, produce a flame of distinctive and unique colour that can be used to identify the metal atoms.
Atoms can exist in a ground state and an excited state. In the natural ground state, the electrons in the atom occupy the lowest energy levels. When a specific amount of energy is provided by heat or electricity, the electrons from the ground state are excited to a higher energy level, called an excited state. As they cannot remain in the excited state, they rapidly fall back from the higher energy level to the ground state. During this transition back to the ground state, radiation is emitted in the visible region of the spectrum. Different elements have different levels that electrons can exist, meaning the emitted wavelength is very specific to that element. The wavelength of radiation that is released, will correspond to the colour produced. This instantaneous and complete transition is represented in Figure 1.
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Figure 1 – Electron transition from the ground state to excited state by absorption of heat and the resultant emission of light
Since metal ions can emit a photon of unique colour corresponding to specific wavelengths in the visible spectrum of light (Figure 2), emission spectra are used as a tool to identify the elements by their distinctive colours.
[image: ]
Figure 2 – Colours and wavelengths of visible electromagnetic spectrum
The energy difference between the high energy level and the low energy level is related to the frequency of the emitted light (Equation 1):
Equation 1: 
Where:
i. ΔE is the energy difference between the energy levels; 
ii. h is the Planck constant (h = 6.63 × 10-34Js);
iii. f is a frequency of light in Hz (s-1). 
Frequency, f , and the wavelength,  are inversely proportional (Equation 2):
Equation 2: 
Where:
i. c = 3.0 × 108 ms-1 (constant speed of light).
Materials and Methods
Materials and equipment.
Lab coat;
Safety goggles;
Gloves;
Bunsen burner;
Heat resistant mat;
Matches;
Wire loop;
1 mole (M) solutions of unknown metal salts, labelled A – H;
Beaker with 1M Hydrochloric acid (HCl);
Beaker with deionised water (DI water);
Blue cobalt glass. 
Procedure:
Ensure all personal protective equipment is worn.
Set up a Bunsen burner on the surface of the heat-resistant mat. Open gas supply and ignite with match. Open the air vent to obtain a non-luminous flame with two blue cones. 
To clean the wire loop, dip it into the 1M HCl and heat it in the hottest part of the flame, repeat until no colour is shown. If the flame’s colour changes, there is still an impurity on the wire. Dip it again in the NCl and return it to the flame until clean. 
Dip the wire loop in DI water and heat as before to remove any residue of HCl from the cleaning step.
Cool down the wire and dip it in the solution of an unknown metal salt/mixture. Heat the wire in the hot part of the flame and record your observation of the coloured flame. Use the cobalt glass to identify the mixture of sodium and potassium.
Repeat steps c to e for all other unknown samples. 

Results 
The results of the flame tests are captured in Table 1 below:
	Unknown metal salt
	Colour of the flame
	Identity of metal
	Wavelength 

	A
	Green
	Ba2+
	550nm

	B
	Red
	Na+ and K+ mix
	700nm

	C
	Orange
	Ca2+
	620nm

	D
	Lavender / Lilac
	K+
	400nm

	E
	Yellow
	Na+
	580nm

	F
	Pink / Red
	Sr2+
	675nm

	G
	Blue / Green
	Cu2+
	525nm

	H
	Pink
	Li+
	640nm


Table 1: Flame Test Results
Discussion
Two metals were subjected to further analysis:
Copper (CU2+) gave off a green coloured flame, which would mean it has a wavelength of around 525nm, or 5.25E-7m. Since the speed of any electromagnetic waves in a vacuum is the speed of light (), we can use Equation 2 to determine the frequency and then Equation 1 to determine the difference between the high and low energy levels:
Where   , 												      
	       3.0E8ms-1/5.25E-7m
[bookmark: _Hlk161252063]	      5.7E15 Hz(s-1) 1dp
Where 
	     6.63E-34Js × 5.7E15 Hz(s-1)
		= 3.78E-18J 2dp
Potassium (K+) produced a lavender / lilac coloured flame. Which would indicate a wavelength of around 400nm, or 4.0E-7m. Again, we can determine the frequency of the emission and the energy:
Where   , 												      
              3.0x108ms-1/4.0E-7m
            7.5E14 Hz(s-1) 1dp
Where 
             6.63E-34Js × 7.5E14 Hz(s-1)
                 = 4.97E-19J 2dp
As a first-year apprentice, the experiment has highlighted the fundamental understanding required to be able to exploit thermally stimulated light emission in a wide range of applications.  Air platform counter measures for infrared seeking missiles, infrared illumination for night vision goggles and the technology is constantly being improved on. [1] detailing the development of novel blue flame compositions with enhanced spectral performance in terms of luminous intensity, and colour quality by optimising fuel compositions.
Other than very obvious military applications, the known phenomenon can be applied to agriculture, by determining the suitability of soil for cultivation or even detecting certain ions in bodily fluids. 
Though simple to undertake, the flame test has its disadvantages, such as:
Subjective. Very dependant on the testers opinion of what colour the flame is. 
Contamination. Though every effort is taken to remove all contaminates from the wire, there was instances, where there were questionable results, which required numerous repeat tests to determine the correct flame colour.
Visible Spectrum. By using human sight to observe the results, you are limited to detecting photon emissions on the visible spectrum only. By using a calibrated detector, this would provide more accurate results. 
Conclusion 
The results from the experiment supports the theory behind flame photometry, where the valance electrons are excited from the lower energy levels (ground state) to the higher energy level (excited state) by heat or electricity. As the higher energy level is unstable, the electrons fall back to the natural lower energy levels by emitting radiation at a specific wavelength. As the speed of electromagnetic waves in a vacuum is constant (speed of light), and is the product of frequency and wavelength, you are able to determine the frequency of emission and using the Planck constant to determine the photon energy. The experiment, however, has clear disadvantages in accuracy of results, but does offer a quick and easy identification method. 
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