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1. [bookmark: _Toc161316535]Introduction
a. [bookmark: _Toc161316536]Purpose of the experiment
Perform a flame test on different solutions of metal salts and identify metal ions responsible for each colour by comparing it to the colour in the reference table and examine the wavelengths of the photons released from the atom as the electrons move from a high energy state to a low energy state through atomic emission.
b. [bookmark: _Toc161316537]Hypothesis
Different metal salts will burn different distinctive colours, the expected coloured flame produced by each cation is listed below.
	Metal ion
	Flame colour [1]

	Barium, Ba2+
	Green

	Calcium, Ca2+
	Orange

	Lithium, Li+
	Magenta 

	Strontium, Sr2+
	Red

	Potassium, K+
	Lavender

	Sodium, Na+
	Yellow

	Copper, Cu2+
	Blue/Green



By observing the colour of the flame, we can deduce the metal ions present in the sample being tested. 
The orange flame of sodium ions will mask the violet flame produced by potassium ions, requiring the cobalt glass to differentiate between the sodium/potassium mixture and the pure sodium solution [2].
c. [bookmark: _Toc161316538]Variables and equations
The independent variable is the cause of the experiment, it is independent of the other variables in the experiment. The dependent variable is the resulting effect we measure, its value depends on changes to the independent variable.
In this experiment the independent variable is the metal ion solution, and the dependent variable is the coloured flame produced. We also have a controlled variable in the flame of the Bunsen burner, a controlled variable being a potential variable that is the same across the experiment.
The following equations will be used in this report:
· Planck’s equation,

where  is the difference in energy,  is Planck’s constant ,  is the frequency of the radiation,  is the velocity of light  and  is the wavelength of the radiation [4].
2. [bookmark: _Toc161316539]Materials and methods
a. [bookmark: _Toc161316540]Materials and equipment
Lab Equipment:
· Bunsen burner
· Heat-resistant mat
· Matches
· Wire wand
· 1 M solutions of unknown metal salts labelled A-H
· Beaker with 1 M Hydrochloric Acid
· Beaker with deionised water (DI water)
· Blue cobalt glass
b. [bookmark: _Toc161316541]Procedure
1. A Bunsen burner was set up on the surface of the heat-resistant mat. Once lit, open the air vent to obtain a non-luminous flame with two blue cones. The safety yellow flame must be on when the Bunsen burner is not in use.
2. The wire was first cleaned by dipping into the 1M HCl solution and heated in the hottest part of the flame. This was repeated several times until no colour change was visible indicating it was free from impurities. The wire was then dipped into the DI water and once again heated, to remove any HCl residue from cleaning. This cleaning procedure was repeated between each test. The wire was allowed to cool for several seconds before being dipped into the next solution.
3. The wire was dipped into a solution of unknown metal salt and heated once again in the hottest part of the flame. The observed coloured flame was recorded. The cobalt glass was used to identify the solution that was a mixture of sodium and potassium.
4. The experiment was repeated for each solution.


3. [bookmark: _Toc161316542] Results
a. [bookmark: _Toc161316543]Experimental data
The results of the test are as follows.
	Unknown metal salt
	Colour of the flame
	Identity of the metal
	Wavelength (nm)

	DI Water
	Colourless
	
	

	1 M HCl
	Colourless
	
	

	A
	Red
	Strontium
	618-676 [4]

	B
	Pink
	Lithium
	620-750 [5]

	C
	Yellow
	Sodium-Potassium
	570-590 [5]

	D
	Lavander
	Potassium
	380-450 [5]

	E
	Yellow
	Sodium
	570-590 [5]

	F
	Pink
	Lithium
	620-750 [5]

	G
	Blue/Green
	Copper
	435-526 [4]

	H
	Orange
	Calcium
	590-620 [5]


b. [bookmark: _Toc161316544]Key Findings
We were unable to identify the solution of barium chloride, as none of our samples burned the expected green in the flame. Most likely either sample B or F was contaminated with lithium. Since the higher wavelength yellow given off by the sodium ion masks the lower wavelength lavender of the potassium ion, I theorise that the lower wavelength green of the barium is similarly masked by the higher wavelength pink given off from the lithium ion.

4. [bookmark: _Toc161316545]Discussion
a. [bookmark: _Toc161316546]Interpretation and significance
The colours observed are due to the excitation of electrons in the outer shell of the atom and their rapid fall back to a ground state releasing the previously acquired energy in the form of photons of light. The specific colour emitted depends on the energy levels and electron configuration of the element and corresponds to the wavelength of the light produced.
b. [bookmark: _Toc161316547]Relationship between wavelength, frequency, and energy
The energy difference between the heightened energy level and the ground state is related to the frequency of the emitted light. There is a scientific relationship between wavelength, frequency, and wavelength as outlined by Planck’s equation.
Wavelength refers to the distance over which the wave’s shape repeats, be it between two peaks or two troughs, or two other similar points along the waveform. Wavelength determines the colour of light we see; shorter wavelengths produce light in the violet end of the spectrum whereas longer wavelengths produce light towards the red end of the spectrum. In the visual spectrum, the wavelength in measure in nanometres (nm).
Frequency is the number of cycles of the wave per second, measured in hertz (Hz). Frequency and wavelength have an inversely proportional relationship to one and other where the product of the wavelength and frequency will always be 
c. [bookmark: _Toc161316548]Relevance to Ordnance, Munitions, and Explosives engineering
Pyrotechnic countermeasures are flares used by aircraft to counter infrared “heat-seeking” missiles. These decoys burn at a temperature greater than or equal to the engine’s exhaust so that the homing missile instead seeks out the heat signature of the decoy. Current development of these countermeasures is in matching the spectral emission of the flare to the hot plume [6]. 
Tracer rounds are used to mark battlefield targets. Soldiers would fire on their target with small arms filled with tracer rounds, leaving visible trails that an artillery spotter can use to direct fire towards the position. Tracer rounds can also be used as a visual cue to change magazines during a firefight, either by loading into tracers as every fourth or fifth round (and essentially allowing to more accurately count rounds during automatic fire), or loading tracers into the magazine first, in which the tracer rounds would be the last to be fired indicating to was time to change magazines [7]. Since tracers are visible to both sides of a firefight, delay fuses can be fitted to obfuscate the starting position of the round [8].
d. [bookmark: _Toc161316549]Applications of the experiment
Although this experiment in flame photometry is imprecise it has the benefit of being fast and simple. Results can be acquired in a short space of time, and you don’t need expensive equipment to run which is an advantage in a warzone.
Soil analysis can identify instances of heavy metal pollution and contaminants of other hazardous materials. Military activities often risk polluting the environment and action needs to be taken to offset and remedy the footprint left behind.
Quality control of fuels and propellants can require identifying instances of impurities that could compromise safety or impair performance. Flame photometry can be used specified standards are met and maintained, and that the compounds have not degraded.
e. [bookmark: _Toc161316550]Limitations of the experiment
The Flame Photometry test is inherently imprecise as the human eye is an ineffective scientific measurement tool. Today’s experiment was only identifying metal ions that produced distinct coloured flames from one and other, however some metal ions would produce flames of similar colour that would be difficult to tell apart by eye and would instead need a spectrometer to accurately measure.  Magnesium, titanium, nickel, hafnium, chromium, cobalt, beryllium, and aluminium all produce a similar white flame, and the shades of green, bright green, and apple green of copper(II) non-halide, boron, and barium respectively may be difficult to discern [1].
Someone who has a colour vision deficiency may have trouble differentiating between metal ions that produce a red flame and those that produce a green flame, or between those that burn into a blue flame, and a yellow flame [9].
The chemical composition of the flame can change depending on the fuel being burned and this can very heavily affect the colour of light observed resulting in a difficulty matching colours to the chart with a high degree of confidence [1].
This particular experiment was done in a group setting, which vastly increases the chance of human error and cross contamination. Although I ensure that the wire wand was properly washed in between samples, there was no guarantee that the rest of the students in the laboratory were as diligent. In addition, we were the second group of the day, and reused samples from the previous test.


5. [bookmark: _Toc161316551]Conclusion
a. [bookmark: _Toc161316552]Summary and evaluation
Upon completion of the experiment, it is safe to conclude that the different metal ions present in the solution do produce different colours when exposed to a flame. We can accept the hypothesis and identify the labelled solutions. The colour of the flame produced (the dependent variable) will change based on the element exposed (the independent variable) since the wavelength of the element corresponds to the colour of the flame.
b. [bookmark: _Toc161316553]Potential directions for future research
The experiment can be improved upon by using a dedicated wire for each sample, this would rule out the opportunity for cross-contamination and produce more reliable results. A more accurate measuring device than the human eye would also produce more accurate results.
The wavelength of the light produced is not solely dependent on the cation of the sample, different anions produce different emission bands. CuCl releases light in the wavelength of 435-526 nm resulting in a blue-green whereas CuOH emits at 535-555 nm, omitting the blue tint and appearing green-yellow. CuOH emits in a higher wavelength still and appears orange-red at 580-655 nm [4].
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