
[bookmark: _Toc160791853][bookmark: _Toc161050371]Lab Report 1 Flame photometry















Contents
Lab Report 1, Flame photometry	1
flame tests.	3
Introduction	3
Hypothesis	3
Equations used:	3
Method	3
Results	4
Discussion	5
In summary	6
References	6




























[bookmark: _Toc161050372]1 Flame tests
[bookmark: _Toc160791855][bookmark: _Toc161050373]1.1 Introduction 
The goal of this experiment was to determine the different colours produced by various metal ions. We were given 8 unknown solutions and asked to work out possible identities to the solutions. One of these solutions was a mix of two metal ions and our final goal was to work out this combination. 
[bookmark: _Toc160791856][bookmark: _Toc161050374]1.2 Hypothesis 
Different metal ions when rapidly heated produce different coloured flames based on the different wavelengths of energy emitted when heating the solutions. 
I will be able to identify the different metal ions by heating them. 
[bookmark: _Toc161050375]1.3 Equations used:
       F =        where C = speed of light (3.0X108) and f = Frequency 
      where h = Planck constant (6.63x10-34) and ΔE = energy difference. 


2 Materials and methods 
Personal protective equipment (PPE):
Gloves, goggles and a lab coat. 
Experimental equipment/materials:
Bunsen burner, heat proof mat, matches, metal rod, 1 M solutions of unknown metal salts labled A-H, beaker with 1M of HCL, beaker with deionised water and blue cobalt glass.  
[bookmark: _Toc161050376]2.1 Method 
1. Put on the appropriate PPE before starting the experiment. 
2. Connect the Bunsen burner to the gas and then place it on the heat proof mat. 
3. Light the Bunsen burner and making sure that a yellow safety flame is on at the start and when it is not in use. To do this close the air vent. 
4. Open the air vent to get a non luminous flame with two blue cones, 
5. Before starting dip the neodymium rod into the 1M HCL then heat it in the hottest part of the flame, just above the outer cone, then dip it in the de ionised water, and reheat the wire. Do this several times. 
6. Repat step 5 several times between each experiment, this will ensure no cross contamination. 
7. Once the wire is cool dip the wire into one of the unknown solutions and place it in the hot part of the flame. 
8. Record any observations of the flame. For each sample look through the Cobalt glass to ensure that the result is not being obstructed. 
9. Repeat steps 5-8 for each unknown sample. 
10. Make sure to also record the observation for heating for deionised water and HCL. 




[bookmark: _Toc161050377] Results
Figure 1 
	Uknown metal salt 
	Colour of flame 
	Identity of metal 
	Wavelength(nm)  
	Energy difference, 

	DI water 
	Orange 
	None 
	600
	3.315x10-28

	1 M HCL 
	Orange 
	None 
	600
	3.315 x10-28

	A
	Yellow 
	Sodium 
	580
	3.489471301 x10-28

	B
	Red
	Strontium 
	700
	2.841428581 x10-28

	C
	Orange 
	Calcium 
	600
	3.315 x10-28

	D
	Lavender 
	Potassium 
	400
	4.9725 x10-28

	E
	Green 
	Barium 
	540
	3.683332965 x10-28

	F
	Pink 
	Lithium 
	640
	3.05999999 x10-28

	G
	Blue/green 
	Copper 
	500
	3.978 x10-28

	H
	Yellow/lavender 
	Potassium and Sodium 
	580 
	3.489471301 x10-28
4.9725 x10-28



Looking at the results I identify a clear pattern, the higher the wavelength the higher the ΔE, see figure 2.  
When conducting the flame test, H was the unknown combination of metals, however using this information the most likely combination of metals are Potassium and Sodium. 
I then used the following equations to work out the values for Figure 2 
	
	Metal ion, 
	Wavelength (nm) 
	ΔE (J) 
	Frequency (Hz)  

	1
	Potassium 
	400
	4.9725 x10-28
	750000

	2
	Copper 
	500
	3.978 x10-28
	600000

	3
	Barium 
	540
	3.683332965 x10-28
	555555.5

	4
	Sodium 
	580
	3.489471301 x10-28
	526315.79

	5
	Calcium 
	600
	3.315 x10-28
	500000

	6
	Lithium 
	640
	3.05999999 x10-28
	461538.46


       F =        
      






 Figure 2 
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Figure 3 
[bookmark: _Toc161050378] Discussion
Flame photometry showed how different metal ions react to intense heating. When the metal ion is heated, electrons move to a higher energy level, but this higher energy is unstable and electrons energy levels fall back down emitting this energy as light. We can measure/estimate the emitted light wavelength to identify the ΔE value for each solution.  
Potassium and lithium are both group 1 metals, having similar electronic configuration, both in the S block. These elements emit light at opposite ends of the visible light spectrum despite being in the same group, usually meaning they have similar properties. Potassium emits a light with a wavelength of 400nm and a frequency of 750000 Hz emitting a lavender flame when burned. Contrastingly, Lithium has a wavelength of 640 and a frequency of 461538.46 Hz. This large difference in frequency is reflected in energy difference. Potassium had an energy difference of 4.97 x10-28 J compared to (3.05x10-28) J emitted by lithium. I thus observe lithium requires less energy to raise its 3 electrons to a higher energy level compared to the Potassium’s energy requirement to raise its 19 electrons to a higher energy level. A conclusion is that the more electrons a metal ion has, the more energy required to raise them to a higher energy level, affecting the emitted light frequency and wavelength.
However, Copper has 29 electrons and is in the same period at potassium yet has a lower energy difference. One reason is Copper sits in the Periodic Table D block, with different atomic structure to S block elements. Another factor is the decrease in atomic size across the period. (copper has a smaller relative atomic size compared to potassium) Therefore electrons have less far to travel to be raised to a higher energy level, requiring less energy, leading to a lower ΔE value. 
How does flame photometry relate to OME? 
The ultimate goal of a flame test is to test for the presence/identity of a metal ion in a solution or powered mixture. This is highly OME relevant; flame tests can identify metal ion presence in an unknown solution enabling safe disposal of the solution once identified. Additionally new explosive substances found, (eg in battlefield environment) can be analysed via flame photometry to determine substance composition. 
Barring fireworks, other uses for burning metal ions include flares. A particularly good example of a metal ion in us, most flares are a metal nitrate compound, which burn well when mixed with flammable materials, generating different colour flames with different metal ions. This is useful for signalling and has military and civilian applications.  
Despite its simplicity, several accuracy improvements could still be made to this experiment.
Washing the same nichrome wire between tests, despite thorough cleaning, could result in residue from previous tests contaminating samples. Using different wires in each sample could mitigate this. . 
Another variance is the subjective colour identification and the estimation of each light wavelength.  EG Lithium pink/red is not absolute. More accurate wavelength reading is established with a spectroradiometer and could have assisted in differentiation in Sample H, the mix of 2 different metal ions. 
[bookmark: _Toc161050379]In summary
Results suggest our hypothesis correct, different metal ions can be identified when heated. Additionally, the higher the frequency of light, the higher ΔE value is for a specific metal ion. Finally, we conclude the lower the wavelength the higher the frequency and ΔE values will be. 
Potential future investigation could seek to identify a metal ion in a mixture of metal ions, and to repeat with more accurate wavelength measurement methods rather than relying on human sight. . 
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The Visible Light Spectrum

The visible light spectrum is the section of the
electromagnetic radiation spectrum that is
visible to the human eye.
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