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[bookmark: _Toc138422381]Purpose of Experiment
	In this experiment, I will be working with one of my peers to identify metal ions in 8 unknown salt samples. We would do this by observing and recording the colour that occurs in the flame. Each colour represents a different metal ion. By using Table 1 we can identify which colour represents which metal ion. We are also told that one of the solutions contains a mixture of sodium and potassium and to correctly identify them we must use the cobalt glass. The lab is set up in three different areas. Each area has several unknown solutions that we use to test on the flame of a Bunsen burner. Once we have agreed on identifying the correct solutions we move to the next and so on.

[bookmark: _Toc138422382]Research
	For this experiment it is important to research the basic concepts of general colour chemistry. The chemistry of colour covers the way in which different frequencies and wavelengths of visible light are absorbed or reflected by molecules known as pigments. These pigments have specific compositions and configurations that correspond to their respective colours [1]. When heated, the electrons gain energy, and are ‘excited’ into higher energy levels; however, the electrons occupying these levels is more energetically unstable, and they tend to fall back down to their original energy levels, releasing energy as they do so. This energy is released as light, with the characteristic flame colours of different metal ions due to varying electron transitions [2]. For this experiment it is important to understand what photon emission is. When the electron changes levels, it decreases energy, and the atom emits photons. The photon is emitted with the electron moving from a higher energy level to a lower energy level. The energy of the photon is the exact energy that is lost by the electron moving to its lower energy level [3]. Electromagnetic radiation is a type of energy that is all around us and takes many forms, such as radio waves, microwaves, X-rays, and gamma-rays. Sunlight is also a form of electromagnetic energy, but visible light is only a small portion of the electromagnetic spectrum, which contains a broad range of wavelengths [4].
Colour chemistry is used within the pyrotechnic industry. Fireworks contain colour chemistry to get the colours you see at the point of the firework explosion. They contain Mineral elements which include Barium which produces bright greens; strontium yields deep reds; copper produces blues; and sodium yields yellow. Other colours can be made by mixing elements: strontium and sodium produce brilliant orange; titanium, zirconium, and magnesium alloys make silvery white; copper and strontium make lavender. Gold sparks are produced by iron filings and small pieces of charcoal. Bright flashes and loud bangs come from aluminium powder. [5]
Suitable equations, formulas and calculations for this experiment would include calculating wavelength frequency, and energy of photons. To calculate the energy of a single photon is as follows: E = h x f where h is Planck's constant: 6.626 x 10-34 Joule-sec and f is the frequency.
To calculate frequency, the equation is as follows:  f = c /  where f = frequency in Hertz (Hz). C = Speed of light in a vacuum, which is approximately 3.00 × 10^8 meters per second (m/s). And  = Wavelength of the colour in nanometres (nm)
To Calculate wavelength, the equation is as follows:  = c / f where  = wavelength in nanometres (nm). C = Speed of light in a vacuum, which is approximately 3.00 × 10^8 meters per second (m/s). And F = frequency of colour in hertz (Hz). C can also be known as V for Velocity.
[bookmark: _Toc138422383]Chemicals & Equipment used
	In this experiment we had to identify 8 different solutions. Barium, Calcium, lithium, strontium, potassium sodium and copper. The chemicals listed contained hazards including irritation, flammable, corrosive, acute toxicity and hazardous to environments. The only chemical that hasn’t got a hazard classification in this experiment is Sodium Chloride (NaCL). 
	The equipment that we were using for this experiment involved a bunsen burner, heat resistant mat, matches, metal rod, solutions of unknown metal salts (these were labelled A-H), beaker containing Hydrochloric Acid, deionised water, and the cobalt glass. The bunsen burner was used to ignite the salt solution, the salt would react with the flame to give us a colour. The heat resistant mat is used to prevent damage to the work benches. We can also place hot materials or chemicals on them if we needed to. The matches would be used to re-ignite the bunsen burner in the event of the loss of flame. The metal rod has a short wire at the tip. This wire would be submerged into the unknown salt solutions. The hydrochloric acid and deionised water would be used to clean the metal wire. The blue cobalt glass will be used to identify the mixture of potassium and sodium.

[bookmark: _Toc138422384]Procedure
1. Firstly, before carrying out this experiment, it is important that the correct Personal Protective Equipment (PPE) is worn. Lab coat, safety goggles and latex gloves will be the PPE used for this experiment. It is also important that long hair is tied back, and no contraband is brought into the lab.
2. Next, we set up the bunsen burner. To do this we place the bunsen burner on top of the heat mat supplied. Connect the hose to the gas tap and open. Ignite the gas, with the matches and adjust the flame using the air vent at the base of the bunsen. The bunsen burner should be set to a blue flame with 2 cones when carrying out experiment. When not in use set the bunsen burner to the yellow safety flame.
3. We then use the Hydrochloric Acid (1 M HCL) to clean the wire. The process for this is to dip the wire into the hydrochloric acid and then heat it in the hottest part of the flame. This ensures that the wire is free from any contaminants or previous test samples. However, if the colour of the flame changes, there is still an impurity. To resolve this, we repeat this step until there is no reaction with the flame.
4. Next the wire is dipped into the deionised water and heated to remove any excess hydrochloric acid. Steps 3&4 are to be repeated between each test.
5. We then dip the wire into the unknown metal salt mixture, steer and then heat the wire in the hottest part of the flame (the tip of the blue cone). We observe the colour that occurs and record it in the table. We will use the cobalt glass to identify the mixture of sodium and potassium.
6. Steps 3-5 are to be repeated for all other samples.
[bookmark: _Toc138422385]Observations / Data
	In this experiment I was paired up with Khris Bhudoye. Our observations and data can be found in Figure 1. Here we can see letters A-H of unknown metal ions. We would go through each unknown metal ion and identify the colour that appears in the flame. We would then refer to the table Figure 2 which displayed the metal ions and its corresponding flame colours. For example, Strontium (Sr2+) will display red. 
As you can see from Figure 1 me and my peer determined that; A was Pink, B was red, C was orange, D was violet, E was yellow, F was pink/red, G was blue/green, and H was Bright orange.
[bookmark: _Toc138422386]Calculations of 3 colours
	We must use the equation E = h x f to calculate the energies of the photons. This was stated in the research. Firstly, we must know the wavelength of the colour we are working with. We can do this by researching each colour. For example, green has wavelength of 550nm. We can insert this into the equation so:

If we look back to Figure 1, we can see that C emitted orange. Orange gives a wavelength of 600nm.


We can also see that E emitted yellow. Yellow gives a wavelength of 580nm.


And finally, we found D emitted a violet colour. Violet’s wavelength is 380nm.


Wavelength vales for: Green, Orange, and Yellow [6]
Wavelength value for violet [7] 
[bookmark: _Toc138422387]Results & Discussion 
	The table of results can be found in figure 1. We found that solution B emitted the colour red therefore identity of metal would be Strontium (Sr2+). Solution C emitted the colour orange therefore suggesting Calcium. D emitted a lavender/violet colour therefore suggesting potassium. E emitted a yellow colour suggesting the presence of sodium. F emitted a pink/red colour which means we can identify this metal as lithium. G emitted a blue/green colour therefore suggesting the presence of copper. H emitted a bright green/ yellow therefore suggesting the presence of Barium. The reason A wasn’t mentioned in this list is because found that once comparing results with other classmates we concluded that A would need further research to determine its metal. A was emitting a red / pink colour. However, with two other solutions already emitting these colours (B&F) it would be very difficult to determine what A is representing. Therefore, I believe further research is required for A. This could suggest that A contained the mixed solution of potassium and sodium. One small error for this experiment is agree with you peer whether the colour that was emitted was the same colour you were both seeing. For example, red/ pink & yellow/green can look very similar. 
[bookmark: _Toc138422388]Conclusion
	By following the procedure and risk assessment for this experiment, the experiment was carried out successfully. From this experiment I was able to successfully identify the 7/8 metals by the colour that it emits when held against a flame. I was also able to research the wavelength of the colour that was emitted. This would then be used for me to calculate the energy of the photon using the appropriate formula.
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The colour of the light depends upon the metal in the salt.

metal ion Flame colour Metal ion | Elame colour
barium, Ba2* GREEN/YELLOW potassium, K* LAVENDER -
=
calcium, Ca? ORANGE ‘/ sodium, Na* YELLOW
lithium, Liv RED/PINK | copper, Cu* " | BLUE/GReEN 7
strontium, Sr2* REDES MJ%/ Polasihen

Table 1. Metal ions and corresponding flame colours.
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Observations and Identification:

(9p) Complete the table below. Based on the observed colour of the flame and Table 1,

identify the metal ion in each unknown salt. Using the electromagnetic spectrum in Fig2,

estimate and report with the appropriate unit the wavelength for each observed colour.

Identify the solution containing mixture of sodium and potassium:
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