ACDB 4011: Flame Test
Introduction
The Hypothesis was to use heat to cause the 8 subject solutions to emit coloured light on the visible electromagnetic spectrum.
A coloured flame occurs due to the compound being artificially ‘charged’ with energy, which in turn causes the electrons to move from the inner shells of the compound to the outer shells, and due to this being an excited state photons are emitted for the electrons to release the energy and return to the inner shells. For each metal, the colour of the flame is different depending on the wavelength of the photon emitted. With the purpose of the test being to identify the unidentified solutions based on the colour of the light emitted.
Within this test, the independent variable was the metal salt used in each solution due to it being different in each solution.
The Dependent variable is the colour of the flame released by the heating of the metal salt, as this changed with the independent variable and was recorded for the test.
The control variables were:
· The height of which we placed the metal rod which had the subject solution on, in this case being placed just above the corona of the Bunsen burner blue flame. 
· Cleaning of the metal rod used.
The two following equations will be used in the report:
· 	
· 

Materials and Methods

Materials & Equipment used:
· Bunsen Burner.
· Heat-Resistant Mat.
· Matches.
· Metal rod.
· 1 Mole solutions of unknown metal salts labelled A-H.
· Beaker with 1 Mole solution of Hydrochloric Acid (HCL).
· Beaker containing Deionized water.
· Blue cobalt glass.

Experimental Procedure:
1. Put on Lab Coat, disposable gloves & Eye Protection
2. Place heat resistant mat down.
3. Put Bunsen burner on top of the mat, and light it, using a match. Put on yellow safety flame until the experiment starts.
4. Clean metal rod using the HCL and heat on the blue flame until there is no colour coming off the rod.
5. Put the rod into the deionized water and heat to remove excess HCL.
6. Dip the rod into a sample solution after it is cooled and heat by putting it above the corona of the blue Bunsen burner flame.
7. Record the colour of the flame and use the cobalt glass to look at the flames to identify the sodium/potassium mixture.
8. Repeat steps 4-7 for each solution.


Results

The results from the experiment can be seen in the table below.
	Unknown metal salt
	Colour of the flame
	Identity of metal
	Wavelength 

	DI water
	------
	------
	------

	1 M HCl
	------
	------
	------

	A
	Yellow/ Orange
	Sodium
	590nm

	B
	Red
	Strontium
	700nm

	C
	Orange
	Calcium
	620nm

	D
	Lavender
	Potassium
	405nm

	E
	Green
	Barium
	500nm

	F
	Red/Pink
	Lithium
	650nm

	G
	Green/ Blue
	Copper
	500nm

	H
	Orange
	Sodium/ Potassium mix
	620nm



Table 1: Flame Photometry Experiment Results
Note: Wavelengths are estimated.
For each solution tested, I used my observation of the colour emitted to identify which metal salt was in the solution before noting it down before using the colour to identify the wavelength of the light emitted by each compound. I used the table below to identify the wavelength of each metal salt.
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Image 1 – Colour Spectrum – [1]
Discussion
a. Interpret the experimental results and explain their significance.
The results gathered from the experiment, which was the colour outputted, enabled me to identify the metal salt within the solution and record the wavelength. This is useful for a variety of reasons, to quality check known metal salt solutions and for selecting a metal salt to be used in an application. This is used in applications like fireworks, to design a specific colour to be emitted for the purpose of a show/ entertainment.

Calculations:
 
Variables
c = 3.0 × 108 ms-1 = Constant Speed of Light
h = Planck constant
 = Wavelength
E = Energy difference between levels
 = Frequency 
Lithium  

· [bookmark: _Hlk158893001]c = 3.0 × 108 ms-1 s
·  
f = 3.0 × 108 ms-1 s /

f = 4.6 x 105Hz
 

·  10-34 J
· 
 10-34 J x  
x 10-28

Potassium

c = 3.0 × 108 ms-1 s
 
f = 3.0 × 108 ms-1 s /

f = 7.4 x 105Hz
 

·  10-34 J
· 
 10-34 J x  
x 10-28

Comparing the calculations between Lithium & Potassium, Lithium has a higher wavelength lower frequency and a lower energy change then Potassium. This shows that the wavelength is inversely proportional with both the energy change and frequency, so the higher the wavelength the lower the frequency and energy and the lower the wavelength the higher the frequency and energy.
This show that more energy is needed to achieve a higher frequency.
This experiment is relevant due to quality testing aircraft deployable chaffe and tracer rounds, to ensure that the metal salt being used is correct and is the required dilution and is pure. Experiments may be conducted to mix different dilutions of metal salt, where you want to verify that a more diluted solution would maintain the required effect, as well as to make a compound of multiple salts to make a bright specific colour, e.g. bright green for at night tracer rounds to be used, you would want multiple metal salts to be included to perfect the colour. 
Within reference [2] different coloured firework stars are made, this supports my findings, as the blue star was made from a composition including 48% Potassium perchlorate, which I found to be a lavender colour, so it would make a lot of sense for a blue firework to compose of a lot of potassium.
The phenomenon from this experiment can also be observed within flares for survival situations or on boats, for if someone has gone overboard or needs help. The colour of the flare is specifically made in order to maximize visibility from nearby ships etc., rather than being a colour like dark blue which would blend in to the surroundings.
Within this experiment, there are a lot of limitations or potential sources of error due to it being a quick presumptive test. These include:
· Using the same stick each time, although I washed / rinsed the stick after each use, there is a possibility that not all the solution was cleaned off the stick and could have caused cross contamination. This could be resolved by using a brand-new clean stick each time.
· Lack of a Reference Sample. Next time I could conduct experiment with the solutions labelled first, before the ABCDE etc label, to have a reference, to compare the results to. This would also increase the total results to give more of an accurate test.
· Being limited by eyesight. This test is up to interpretation by the person conducting it, for example, whereas I may see a red flame, someone with better or worse eyesight could see red. Someone who is colourbind wouldn’t be able to differentiate. 
· Human Error. In theory, something could have gone wrong via human error – for example, the samples could have been labelled wrong and because I didn’t witness it, I wouldn’t have known.


Conclusions

To conclude, I was able to identify the metal ions within the chemical compounds using the flame test and comparing the colour emitted to the reference table, which supports the hypothesis that we tested during this experiment about metal ion identification.
Future research could be done following this test to check for things like concentration of the metal ions within the solution and tests for any other contaminants within the solution, so that you can create a compound that produces a colour perfectly suited to the design requirements. 
This test was a good, easy and fast baseline to know the main metal ion within a compound, however as discussed within this report, it can be inaccurate and has several drawbacks, so in occasions where precise data is required, further tests could be done to attain this.

References
[1]“Visit LED horticultural: What is led horticultural technology? - Indoor Discount,” www.indoordiscount.com. https://www.indoordiscount.com/en/conseil/108-visit-led-horticultural-what-is-led-horticultural-technology (accessed Feb. 21, 2024).
[2] A. Ambekar, M. Kim, W.-H. Lee, and J. J. Yoh, “Characterization of display pyrotechnic propellants: Burning rate,” Applied thermal engineering, vol. 121, pp. 761–767, 2017, doi: 10.1016/j.applthermaleng.2017.04.097.

2
image1.jpeg
400 450 500 550 €00 700 800

Longueus 'ondeen i ot covlurs d spcie iible

VOIS NDIGO. BLEU VIR JAUNE ORANGE  ROUGE





