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1. [bookmark: _Toc161179406]Introduction. 
a. An experiment was carried out to identify the likely contents of several unlabelled samples of metal salts through a flame test. 

Electrons surrounding atoms tend to remain in a low energy state, or ‘ground state’. When energy - in the case of this experiment, heat energy – is transferred to the electron, this electron is raised to a higher energy state, moving further from the nucleus of the atom. 

Electrons are attracted to the nucleus of an atom by the positive charge of protons. The closer an electron is to the nucleus, the stronger this attraction will be. In atoms with many electrons occupying orbitals far from the nucleus, it will require less energy to raise one of these outer electrons to an excited state. 

This high energy state is unstable, and the electron will naturally return to the ground state. When this happens, the same energy that raised the electron to a higher energy level is released as light. The wavelength of this light, and therefore the colour, is dependent on the atomic structure of the element. 

b. It is hypothesised that, when heated, each sample would produce a distinct colour of flame, which would indicate the contents (hypothesis one). 

c. It is further hypothesised that electrons of larger atoms, when returning from the excited state to the ground state, will produce less energy and therefore a longer wavelength of light (hypothesis two).

d. The following equations will be used to analyse the results of this experiment:


 = The constant speed of light (3.0 × 108 ms-1)
 = Frequency in Hz
 = Wavelength in m
Equation 1: The relationship of frequency and wavelength to c.


 = Energy in Joules
 = Planck’s constant (6.63 × 10-34 Js)
 = Frequency in Hz
Equation 2: Energy difference between energy levels.


2. [bookmark: _Toc161179407]Materials and Methods.

a. The following materials were used:
· A metal rod, to insert samples into a flame.
· A Bunsen burner, to heat the samples.
· Deionised water (DI), to clean the metal rod and as a control.
· 1 M Hydrochloric Acid solution (HCl), to clean the metal rod.
· A Heat-Resistant mat, for safety.
· Matches, to light the Bunsen.
· 1 M Solutions of unknown metal salts, labelled A-H 
· Blue cobalt glass for viewing the flame. 

b. Before the experiment was conducted, the metal rod was cleaned using first HCl and then DI, the rod being heated over the Bunsen. The samples were then tested in the following manner:

The rod was dipped into the solution, the Bunsen turned to the blue flame, and the rod inserted into the flame. The colour of the resulting flame was observed and noted, and the metal rod cleaned using HCl and DI.  

The above process was repeated until a result was observed for each sample. 
3. [bookmark: _Toc161179408]Results

The following results were observed:
	Unknown Metal Salt
	Colour of Flame
	Likely Identity of Metal
	Approx. Wavelength (nm)

	Water
	Orange (Faint)
	----
	----

	HCl
	Orange (Faint)
	----
	----

	A
	Yellow
	Sodium
	580

	B
	Red
	Strontium
	700

	C
	Orange
	Calcium
	620

	D
	Lavender 
	Potassium
	380

	E
	Green
	Barium
	540

	F
	Pink
	Lithium
	400

	G
	Blue/Green
	Copper
	500

	H
	Yellow/Lavender
	Sodium/Potassium
	600/380


Table 1 - Observed Results of Flame Test
a. Each salt when heated produced a distinct colour of flame. This made it possible to identify which metal salt was likely to be in each sample. 


4. [bookmark: _Toc161179409]Discussion

a. As each sample produced a different colour of flame, it is reasonable to suggest that each sample contained a different metal salt (hypothesis one). Which salt can be deduced from the flame colour.

b. The salts burned with different colours due to the different amounts of energy released. The amount of energy released can be calculated using equation 2. The change in energy will be calculated for a smaller atom, Potassium (K), and a larger atom, Strontium (Sr).

c. Potassium burns with a lavender flame. Lavender has an approximate wavelength of 380nm. Using this value, equation two can be applied as follows: 

, therefore  . Assuming that  is 380nm (from the lavender colour of the flame), the frequency is 7.89x1014Hz. 

, therefore  = 5.23x10-19J

Potassium is a relatively small atom having only 19 protons and 19 electrons [1]. This means the electrons all remain close to the nucleus, and more energy is required to raise them to a higher energy state. Therefore, more energy is released when the electron drops back to the ground state, resulting in a shorter wavelength of light. 

d. Strontium burns with a red flame. Red has an approximate wavelength of 700nm. As above, this value can be inserted into equation two: 

, therefore  . Assuming that  is 700nm (from the red colour of the flame), the frequency is 4.29x1014Hz. 

, therefore  = 2.7x10-19J

Strontium is a large atom, with 38 protons and 38 electrons [1]. The outermost electrons are therefore further from the nucleus, requiring less energy to raise them to a higher state, thus releasing less energy when the excited electrons return to the ground state. 

e. The above calculations show that the energy released when an electron returns from an excited state to a ground state is higher in a potassium atom than in a strontium atom. This shows that the energy required to raise an electron to an excited state is higher in a smaller atom than in a larger atom (hypothesis two).

f. The results of this experiment may not be completely reliable, as the experimental design introduced a number of sources of error:

a. The flame was observed only by the human eye. This is a very subjective way to assess colour and interpretation is sure to vary between people.
b. The same metal rod was used for each sample. Although the rod was cleaned regularly, there remained the possibility of contamination.
c. Only very small samples of the salts were burned at a time, giving a very short window in which to identify flame colour. 
The above may have influenced the results of the experiment, however these results do provide a good direction for possible future research. 
5. [bookmark: _Toc161179410]Conclusion 

a. The findings of the experiment confirmed hypothesis one, which was not to positively confirm the contents of each sample without doubt, but to indicate the possible contents of each sample.

b. The findings also supported hypothesis two, as indicated by the calculations in 4c and 4d.

c. In order to fully confirm the contents of each solution, the samples could be identified beyond a doubt through further testing such as flame spectroscopy, which is particularly effective at identifying alkali elements [2]. 

d. This experiment is highly relevant to OME. Coloured pyrotechnics are used in a variety of applications such as flares and tracer rounds [3], as well as in signalling, target marking and identification [4] and in designing such munitions it is essential to consider which metal salts to use in order to produce the required colour effects. 
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