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[bookmark: _Toc51833421][bookmark: _Toc192852589]Introduction 
[bookmark: _Toc192852590]Purpose of Experiment
This experiment uses flame emission spectroscopy to identify unknown metal ions by analysing the colour of emitted light when excited by heat.
A flame heats metal salts, producing the characteristic colours of specific elements [1]. These colours correlate with unique wavelength ranges on the electromagnetic spectrum. 
The experiment applies Planck's equation to determine emitted photons' wavelength, frequency, and energy.
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Figure 2: Electromagnetic spectrum and types: Source:

[bookmark: _Toc192852591]Hypotheses 

The hypothesis for this experiment is that: 

· Each metal salt will produce a different colour flame.  

· The colour will match known flame colours for each metal ion, (Table 1) 


	Element
	
	
	
	
	
	
	

	Metal Ion
	Barium
	Calcium
	Lithium
	Strontium
	Potassium
	Sodium
	Copper

	Colour
	Green
	Orange
	Red/Pink
	Red
	Lavender
	Yellow
	Blue/Green


Table 1 – Known recorded data: source: The Royal Society of Chemistry

[bookmark: _Toc192852592]Definition of the Planck Equation 
The Planck constant equation () determines the wavelength and frequency of each sample in the visible light spectrum. When an electron, that has been excited to a higher energy level (in this case by the flame) returns to its ground state, it releases light of a specific wavelength [2].
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Figure 3: Planck Constant - source: www.energywavetheory.com





[bookmark: _Toc192852593]Notations and Key Terms

The frequency of the emitted light can be calculated using Planck's constant equation.    The formula f = c/λ is used to calculate the frequency of a wave () given the wave speed () and the wavelength (). The constants and variables are defined below.
() = Change/difference
() = Energy of photons (Joule-second, Js)
) = Planck's constant (6.626 × 10⁻³⁴ Js)
( = Frequency of the emitted light measured in (Hertz, 1 Hz)
() = Wavelength measured in nanometres () ()
) = Speed of light constant ()

[bookmark: _Toc192852594]Results 
[bookmark: _Toc192852595]Experimental Data
The flame colours observed for the unknown metal salts were recorded, compared to the known data from Table 1 above, and the identity of the metal ion recorded.  
Table 2 – Recorded Experiment data 
	Unknown metal salt
	Colour of the flame
	Identity of metal ions
	Wavelength

	DI water
	Colourless
	------
	------

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

	A
	Orange
	Sodium (Na)
	580 to 630 nm

	B
	Lavender
	Potassium (K)
	400 to 450 nm

	C
	Orange/Red
	Calcium (Ca)
	580 to 700 nm

	D
	Red/Orange
	Strontium (Sr)
	600 to 700nm

	E
	Green/Blue
	Copper (Cu)
	 450 to 560nm

	F
	Red
	 Lithium (Li)
	 630 to 780 nm

	G
	Green
	Barium (Ba)
	490 to 560 nm

	H
	Orange
	 Sodium (Na)
	580 to 630 nm



[bookmark: _Toc192706477][bookmark: _Toc192852596]Key Findings
During the test, a different-coloured flame was observed for each metal salt. The observed flame colours align with known emission spectra of metal ions, as seen in Figure 2. 
Also recorded was the absence of flame colour from the HCl and DI.  This absence of colour gives confidence in the experimental methodology, because the colourless flame will not interfere with the flame colours if the metal ions.
On one occasion, the flame observed a mixture of colours. This was possibly due to residual metal salt contamination on the wire. To rule out the contamination impacting the results, the wire was cleaned, and the experiment repeated, giving a different result. This highlighted the need for good cleaning and sterilisation.

[bookmark: _Toc192852597]Discussion 
[bookmark: _Toc192852598]Analysis of Results 
The observed flame colours align with known emission spectra of metal ions. The calculated energy values, derived from the observed wavelengths (column 4, Table 2), confirm the characteristic emissions of these metal ions.
Two of the experiments, A and H, had similar flame colours. This was recorded initially, and no further analysis was conducted; however, in hindsight, if the cobalt blue glass had been used to filter, the yellow wavelengths of sodium ions would have been seen, and the flame colour would have been from a different ion.  

[bookmark: _Toc192852599]Relationships Identified Between Wavelengths, Frequency and Energy
Two samples are studied in more detail to explore the relationship between wavelength, frequency and energy.  The following is a comparison of Calcium and Barium [3]  
Table 3 – Observations and Identification table results for unknown sample one
	Unknown metal salt 
	Colour of flame 
	known metal ions
	Wavelength range (nm)

	Sample C
	Orange red 
	 Calcium
	580 to 700 nm

	Sample G
	Pale Green  
	 Barium
	490 to 560 nm



Calcium (): Produced a bright orange-red flame with a 580-700 nm or 5.80x10-7 – 7.00x10-7 m wavelength.
Barium (): Emitted a green flame corresponding to a 490-560 nm 4.90x10-7 – 5.60x10-7 m wavelength.
The frequency for each sample is calculated using the formula provided above  .  Then the energy is calculated using the Planck constant equation 

Calcium – 	   =>   => =
Barium -    =>  => 
As a result, Barium has a longer wavelength (580nm) than calcium (490nm). Therefore, Barium also has a higher energy.
[bookmark: _Toc192852600]Applications in OME
A credible application of this method is its use for forensic analysis within the Ordnance, Munitions, and Explosives sector to aid in identifying compounds, such as pyrotechnics, that are not as easily detected using trace detection equipment. As highlighted by [4] the black powder formulation, potassium nitrate, charcoal, and sulphur are challenges with inorganic trace detection. 
[bookmark: _Toc192852601]Limitations for Potential Errors
The use of the flame emission spectroscopy method has its limitations. For instance, these include:
· Visual observation is qualitative, affecting wavelength estimation.
· ﻿﻿Contamination on wire loops due to not cleaning with HCL and DI, may introduce extraneous colours.
· ﻿﻿Sodium's intense yellow emission interferes with weaker colours, requiring cobalt glass for filtering
· Using a spectrometer would provide precise quantitative wavelength values, reducing error

[bookmark: _Toc192852602]Conclusion 
[bookmark: _Toc192852603]Summary
This experiment identified the metal ions present in the unknown samples using their unique properties in a flame test. 
Based on their unique flame colours and corresponding wavelengths, calcium and barium ions were subjected to detailed analysis, and the Planck equation calculations confirmed the expected energy emissions.
Future studies could investigate how different metal concentrations affect the intensity of emissions in flame spectroscopy, including using a spectrometer.
If the flame test were repeated, the cobalt blue glass would filter out light from a strong source, allowing a weaker source of light to be seen. This would allow the identification of other present metal ions, which would not have been possible without filtering.
To conclude, conducting multiple trials for each sample and comparing results to a reference spectrum to increase reliability.
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Materials & Methods 
Chemical Solutions used:

· Hydrochloric acid solution (1 M HCl)
· Barium chloride (BaCl2)
· Calcium chloride (CaCl2) 
· Lithium chloride (LiCl)
· Strontium chloride (SrCl2)
· Potassium chloride (KCl)
· Potassium nitrate (KNO3)
· Sodium chloride (NaCl)
· Copper chloride (CuCl2)
· Deionised water (DI water)

Equipment used:

· Lab coat
· Safety Glasses 
· Gloves
· Bunsen burner 
· Heat-resistant mat 
· Matches 
· Blue cobalt glass
· Metal rod 









Step by Step procedures for the Experiment

1. Set Up and Light the Bunsen Burner
· Place the Bunsen burner on a heat-resistant mat.
· Light the Bunsen burner.
· Open the air vent to obtain a non-luminous flame with two blue cones.
· Ensure the safety yellow flame is on when the Bunsen burner is not used.

2. Clean the Wire
· Dip the wire into 1M HCl.
· Heat the wire in the hottest part of the flame.
· Repeat this process until no colour is shown in the flame.
·  If the flame's colour changes, there is still an impurity on the wire.
· Dip the wire again in the acid and return it to the flame until the wire is clean.

3. Remove Residue
· Dip the wire in deionised (DI) water.
· Heat the wire as before to remove any residue of HCl from the cleaning step.
· Repeat steps 3 and 4 before and after each test.

4. Test the Unknown Metal Salt/Mixture
· Cool down the wire.
· Dip the wire in the solution of an unknown metal salt/mixture.
· Heat the wire in the hot part of the flame.
· Record your observation of the coloured flame in the table below.
· Use cobalt glass to identify the mixture of sodium and potassium. Cobalt glass is used to filter out the yellow light from sodium ions, allowing other, weaker light emissions to be seen.

5. Repeat for Other Samples
· Repeat steps 2-4 for all other unknown samples.

6. Record Observations for Controls
· Record the colour of the flame for DI water.
· Record the colour of the flame for 1M HCl.
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