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Lab Report – Flame Tests

Table of Contents
List of Tables	1
Introduction	1
Materials and Methods	2
Results	2
Discussion	3
Conclusion	4
Bibliography	4

[bookmark: _Toc160431042]List of Tables
Table 1.	2
Table 2. [1]	2
Table 3. [2]	3


[bookmark: _Toc160431043]Introduction
The purpose of a flame test is to identify metals. By identifying the colour change when the salt is exposed to the flame, we can figure out which metal or metalloid ion is present. The flame changes colour due to the electrons getting excited and moving to a higher energy level. When this excitement wears off, the energy is emitted as a photon, hence why a colour is seen. The metal can then be identified based off of its wavelength. The hypothesis for this experiment is that when the element is exposed to the flame, the colour change of the flame should correspond with the wavelength based on the amount of energy released when the electron drops back down an energy level. The colour being the dependent variable, the type of metal used to be the independent variable and the heat of the flame (holding rod just above the cone), the amount of salt used, and the cleaning process are variables to be controlled. The equations used to relate the flame test to the elements are “ΔE=hxf” with “ΔE” being the difference between energy levels, “h” being 6.63 x 10-34  Js (Planck’s constant) and “f” is the frequency of light in Hz (s-1 ). Frequency f and wavelength are inversely proportional and can be shown by the equation “c = frequency x wavelength” with “c” being the constant speed of light 3 x 108 ms-1.
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The equipment needed to conduct this experiment: heat resistant mat, a Bunsen burner and the correct equipment to light it (e.g. match and gas tap), metal rod, 1M HCL, 1M solutions of unknown metal salts, deionized water, and blue cobalt glass. To conduct the experiment, set up the Bunsen burner on the heatproof mat, light the Bunsen burner and set the flame to the safety flame (the orange flame) when not in use. Clean the wire by covering the metal part in the 1M HCL (do this by dipping it into a beaker with some in), once it is fully covered, turn the Bunsen burner to the non-luminous flame and place the rod in the hottest part of the flame (just above the blue cone). Repeat as many times as necessary until no colour is showing. Now dip the metal rod in one of the unknown salts. Once again, place in the hottest part of the flame. The flame should now change colour, this will fade after a while so it may need to be dipped again to give clarity on the colour that is being observed, looking at the flame through the cobalt glass can also help decipher between colours. Once you are sure of the colour, record the results. Repeat the steps that were taken to clean the rod and then repeat process with the next salt(s).
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	Unknown Metal Salt

	Flame colour
	Metal
	Wavelength (nm)

	A
	Orange
	Calcium
	640

	B
	Red
	Strontium
	700

	C
	Orange/Yellow
	Sodium
	600

	D
	Lilac
	Potassium 
	400

	E
	Green
	Barium
	560

	F
	Pink/Red
	Lithium
	680

	G
	Green/Blue
	Copper
	490

	H
	Yellow/Orange
	Sodium
	600
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From the results in the first two columns, we can research normative data and identify the metal salts and their wavelengths and thus insert the findings into our own results.

	
	flame colour

	Li
	red

	Na
	strong persistent yellow-orange

	K
	lilac (pink)

	Ca
	orange-red

	Sr
	red

	Ba
	pale green

	Cu
	blue-green (often with white flashes)
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	colour
	wavelength (nm)

	red (limit)
	700

	red
	650

	orange
	600

	yellow
	580

	green
	550

	cyan
	500

	blue
	450

	violet (limit)
	400
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As you can see from table 1, both C and H presented with very similar colours and it was assumed that the wavelength of the light was the same. The other metal salts had more distinctive colour differences and therefore made assuming the metal and wavelength easier. The goal of the experiment was to identify the mixture that contained both sodium and potassium. It is definitely either C or H, however due to how similar the both of them looked the answer could not be assumed with confidence.
From the findings, the equations stated in the introduction can be used to calculate the frequency of light and hence the energy difference between the high and low energy level. For example to find out the frequency of potassium we would do f=c/λ which would be 3x108/400= 7.5x105. By knowing the frequency we can work out ΔE by using ΔE=hxf so 6.63x10-34x7.5x105=4.97x10-28.
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Although it is effective and has many positives, such as being inexpensive, requiring little and basic equipment, and being quick to do- this experiment doesn’t come without its limitations. Human error could make this experiment very unreliable. The human eye can only interpret a certain amount of colours and it may be hard to distinguish between the metals that have similar shades. A way to combat this would be to take photos of each test and compare side by side, however, the average camera would not be able to capture the colours in enough detail so a more advanced camera should be used but this takes away from the simplicity of the experiment. Another human error could be the metal rod not getting cleaned correctly, if the rod isn’t cleaned properly between metals you are going to have a false result as the flame will show for both colours. To combat this, wet splints could be used, this way they can just be disposed of rather than needing thorough cleaning each time, although this would mean splints had to be wasted of you would not have to use HCL and would be much more time efficient. Flame spectroscopy would be a better (but much more expensive) way of identifying the metals. Allowing more information to be gathered, such as the concentration of the metal ion in the dilute solution [3], by gaining more knowledge about the metal it can be used with more confidence. 
A benefit of the colours being seen is that it can be used in pyrotechnics. Whether it is for use in fireworks or munition, this release of energy in the form of a colour is useful in many ways. “About 70% of ammunition inventory items are pyrotechnic items with any defence service in the world” [4], examples of ammunition that use pyrotechnics would be things such as flares and tracer rounds. There are many reasons to use pyrotechnics in OME. Some of the main uses of pyrotechnics in the defence industry are for “distress signalling, infrared illumination, screening smoke” etc. [5]. This is why it is important to have a knowledge of pyrotechnics when designing and manufacturing OME.
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From this experiment it can be said that the hypothesis was correct, the flame colour did match that of the wavelength that corresponded to the amount of energy released. It was not completely successful as the mixture containing sodium and potassium was not identifiable. In future running the experiment with two Bunsen burners side by side, within a safe proximity of one another, may be a better method as it would make comparing the metals easier and doesn’t have the limitations of a camera.
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