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[bookmark: _Toc116221970]Introduction 
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. In figure [1] You can see when energy in the form of heat is applied, the electron reaches an excited state. 
In this state it has jumped to a higher shell from where it wants to fall back to its ground state as it wants to be at its lowest energy level, and due to the First law of thermodynamics energy cannot be created or destroyed to reach the ground state the excess energy is expelled in the form of light.

In this laboratory experiment, we delve into the different colour light generated when subjecting various metal salts to the flame tests the energy generated can be observed on the electromagnetic spectrum, most of this being unobservable to the human eye, however there is a portion that is perceivable called visible light. Visible light falls within the 380-750 nanometres (nm) range on the electromagnetic spectrum (see appendix). By utilizing the human eye as a basic biological spectrophotometer, we compare the colours observed during the experiment to a reference chart of known ionic compounds.

The aim of the experiment was to link the Uknown samples labelled A-H with the corresponding metal Ion by using our eyes to observe the emitted light given off in the reaction, then plot the estimated wavelength into a table of values.

My hypothesis of this experiment is that it would be hard discerning distinctions among the more subtle colour changes exhibited by the various metal ions potentially leading to inaccuracy.
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Figure [1]
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Equipment used

· Matches/splint
· Bunsen burner
· Metal rod
· Beaker with 1 M HCL
· Blue cobalt glass
· Heat-resistant mat
· Beaker with deionised water (DI water)
· 1 M solutions of unknown metal salts labelled A-H

Procedure
1. Set up the Bunsen burner on the heat resistant mat, blue flame when testing, red safety flame when not testing.
2. Take metal rod and place top into 1m solution of HCL then heat to clean, may have to repeat if flame colour changes.
3. Dip rod into Deionised water then heat over the hottest part of the flame to clean the rod of HCL
4. Once cooled, rod is placed into one of the unknown metal salt solutions then put over flame, record the colour of the flame without a spectrophotometer
5. Repeat steps 2,3,4 in order till all different solutions have been tested.
6. Record colour of flame for DI water and 1m HCL for control 
 



[bookmark: _Toc1355791442]Results and Discussion
During the Experiment the salt Solutions emitted a range of different coloured flames.

The key findings of the experiment were that the provided table, showing the colours that each metal ion should emit, was different to our completed table as the colour emitted by barium was not observed during the experiment.

Another key finding was the struggle to remove the contaminates left behind from testing the copper solution, as even after the process of cleaning the rod and heating off the HCL, the copper colour change could still be observed.

The main pattern observed during the experiment was the polarising results produced by each team. This could be because of many factors, one being contamination, another could be human error. However, from the different results that was a clear pattern.




	Sample
	Observed colour
	Metal ion Prediction

	DI Water
	Orange
	N/A

	HCL
	Orange
	N/A

	A
	RED
	Strontium

	B
	Pink
	Lithium 

	C
	Bright Orange
	Calcium

	D
	Lilac
	Potassium

	E
	Yellow
	Sodium

	F
	Pink
	Lithium

	G
	Blue/green
	Copper

	H
	Bright Orange
	Calcium



 
Comparing the differences of Strontium and copper in relation to their wavelength, frequencies and energy 
Strontium is around 700 nm and copper is around 515 nm

is the speed of light 

To get the frequency rearrange the formular to 

C= constant and is the speed of light
λ =(wavelength) is 700 nanometres, which is  meters
Hz= hertz  

 =  Hz = Frequency of Strontium 

 =  Hz = frequency of copper 
The equations above prove that copper emits a higher frequency than strontium however as shown above strontium has a longer wavelength so we can deduce that the higher the frequency the smaller the wavelength.


To calculate the energy the calculations is 


Plank’s constant = 
Strontium = J 

Copper J


The results of the flame test can be observed clearly when applied to flares as the material composition comprised within a flare has the most basic components of the flame test for example a fuel source (often sawdust) and a metal ion (most commonly Strontium).

The distinct colours that are produced by the metal ions allow for a bright light without an explosion to signal information such as Distress in the form of a red flare, the red flare can be used in daylight or at night and is used to call for help from nearby vessels, helicopters, or bystanders.[2]

The main limitations during the experiment were the primitive nature of our eyes when tasked with plotting the wavelength of each metal ion when heated a more accurate way of doing this would be by using spectrophotometer.






[bookmark: _Toc1660936652]Conclusion
In conclusion, our testing highlighted the limitations of the human eye in the accuracy of distinguishing subtle colour differences, particularly evident in samples C and H, where various hues of orange were difficult to differentiate.

A more precise testing method, as mentioned earlier, involves the use of a spectrophotometer. However, although it is more accurate there are many downsides such as the high cost (around fifty thousand pounds) and the lack of portability that being needing electricity.

The experiment affirmed the initial hypothesis regarding the difficulty of relying solely on the human eye, as it gives a subjective reading of the data. However, recognizing the situational use cases of different testing methods and knowing strengths and limitations of both the human eye (subjective observation), and high-tech equipment (objective observation) is important to understand and achieve practical results across different testing environments.
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¢ = A is the speed of light

To get the frequency rearrange the formular to

C= constant and is the speed of light
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