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Introduction:
The purpose of this experiment was to determine whether it is possible to identify certain metal salts using a flame test to visually detect the emission photons given off after excitation. 

The hypothesis is that when an aqueous solution contain different metal salts is excited some of the electrons within the salt will increase to a higher energy state. Then, on returning to their ground energy states they will release this energy as a photon of a specific wavelength which will be observed as visible light with a colour relating to its position on the electromagnetic spectrum.
The colours observed will relate to the frequency of the electron’s lower energy state and hopefully these frequencies will be within the visible light spectrum of the electromagnetic spectrum. 

The variables to take account of are: possible contamination of samples, emission spectra being outside the visible wavelengths, type of metal wire used to introduce samples to the flame, flame intensity, and human error in analysing the colour produced. 

Materials:

Bunsen burner,
Heat proof mat,
Matches,
Metal rod (Nickle chromium mix)
1M Solutions of unknown metal salts labelled A-H
Beaker with 1M Hydrochloric Acid (HCl)
Beaker of deionised water (DI water)
Blue cobalt glass.





Method:

For this Flame Photometry procedure, a standard method was followed by all operators. So, results could be compared and contrasted between different experiments. 
The method followed was:

1. Bunsen burner placed onto heat proof mat with all other equipment collected and arrange on lab bench as to be at hand without causing a hazard. 
2. After igniting the Bunsen burner, it was to be kept of the “Safety Flame,” unless being actively used. 
3. Before each sample is tested wire cleaning must take place.

· Wire cleaning procedure: Dip wire into 1M HCl and heat at the tip of the inner cone of Bunsen burner flame.
· Repeat this step as often as needed until there is no colour change when introducing the wire to the flame.
· When wire is sufficiently cleaned dip one more time in DI Water and heat again to remove traces of HCl.
4. For each sample to be tested the experimental procedure shall be followed.
· Experimental procedure: Cleaned, cooled metal wire shall be dipped into the unknown metal salt solution.
· The coated wire is then introduced to flame just above the inner cone for heating.
· All observations relating to colour shall be recorded and tabulated.
· Cobalt glass can be used to help with identification when sodium/potassium mixtures are suspected.  
5. Repeat experimental procedure for each sample to be tested. 













Results:

The flame photometry test was carried out using the method stated above. The resulting colour emissions were recorded in the table below. Graph 1 was then used to estimate the wavelength of the emission in question by colour comparison.   
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Graph 1: Colours and wavelengths of visible electromagnetic spectrum [1]

Graph 1 shows the wide variety of colours relating to a shift of only ca 300nm in the electromagnetic spectrum. This is why flame tests are useful only to indicate possible metals rather then to positively identify chemicals present in a solution.   




























	Unknown metal salt
	Colour of the flame
	Identity of metal
	Wavelength

	DI water
	N/A
	------
	------

	1 M HCl
	N/A
	------
	------

	A
	Yellow
	Sodium
	590 nm

	B
	Red
	Strontium
	720 nm

	C
	Orange
	Sodium & Potassium
	630 nm

	D
	Lavender
	Potassium
	400 nm

	E
	Yellow/white/blue
	Barium
	550 nm

	F
	Pink red
	Lithium
	650 nm

	G
	Green/Blur
	Copper
	490 nm

	H
	Orange
	Calcium
	630 nm & 590 nm


Table 1: Results from Flame test.[1]


The results above can then be used to calculate the difference between the higher and lower energy levels of the excited electrons. 

To do this, two equations are used. The first is to relate the wavelength (λ) into frequency (f) 

Equation 1: c = f x λ			c = 3.0 x 108 ms-1 (speed of light constant)
Rearranged to give f 		f = c/λ

Equation 2: ∆E = h x f 		h = 6.63 x 10-34 Js (Planck’s constant)

	Metal salt Sample
	Identity of metal
	Wavelength 
(m) e-7
	Frequency (Hz) e12
	∆E
(Js) e-21

	A
	Sodium
	590 
	5.08
	3.85

	B
	Strontium
	720
	4.16
	2.76

	C
	Sodium & potassium
	590 & 400
	5.08 & 7.5
	3.85 & 4.97

	D
	Potassium
	400
	7.5
	4.97

	E
	Barium
	550
	5.45
	3.16

	F
	Lithium
	650
	4.62
	3.06

	G
	Copper
	490 
	6.12
	4.06

	H
	Calcium
	630 
	4.76 
	3.16


Table 2: Photometry results with calculations for f & ∆E (all calculations rounded to 2dps)

These results show that it is possible to make a solid indication of the metals which may be present within a solution and, that further approximations can be made relating to the frequency and energy of the excited electrons. 

The results also show that the greater the wavelength the lower the frequency and relative energy of the measured electrons.


Discussion:

The results show that flame photometry is a good rudimentary qualitive method to identify certain metal salts within a solution. Further assumptive calculations can be made relating to the: wavelength, frequency, and the change in energy of excited electron.    
If you compare the results of sample D and sample G there is a clear distinction between the colours emitted during the flame test, which helps narrow the wavelength range for the two samples considerably. Samples D and G have presumptive wavelengths of 400nm and 490nm respectively, these results also show that the longer the wavelength the lower the frequency. Lower frequency also equates to lower energy levels. This is due to the inverse relationship between wavelengths and frequencies. 

Flame photometric methods are useful for the initial classification of expected explosive materials in environments where full laboratory conditions are unavailable. This is particularly relevant in war theatres where quick, easy to use, and reliable results are needed, and bulky equipment is a hindrance. 
“Easy-to-use presumptive tests, which are typically colour-based or microcrystalline tests, provide quick results that can aid in time-sensitive investigative decisions. Such tests have been designed to alert for a variety of targets including those of forensic and security interest. Typically designed for direct analysis of micrograms of suspect material with little-to-no sample preparation, presumptive chemical tests react reagent(s) with suspect material. Colour tests require no detector beyond the user’s eye.” [2]

Flame tests are also used in a variety of different industries and for different reasons. “Flame photometry has become a simple, relatively inexpensive, high sample throughput method used for the routine analysis of Na, K, Li, Ca, Mg, and Ba in clinical, biological, pharmaceutical, food, industrial, and environmental analysis. “[3] 

Although this is a useful method, there are sever limitations as well. Not all metal salts produce easy to detect colour emissions which can lead to miss identification. Human error due to subjective colour identification can lead to either false positives or negatives. The colours produced when testing a sample containing a mixture of elements can become blended leading to false identification. 

Conclusions:
    

The results show that the hypothesis is correct and that metal salts will produce distinct colour emissions after exciting via flame heating. And, that through analysis and use of empirical data these results can be used to determine the specific metal salt and, the energy change of the excited electrons. 

Further research based from these findings would be useful into the non-visible portion of the electromagnetic spectrum. Also using distinct energy packets within the electromagnet spectrum to excite the electrons into higher energy levels, to enable analysis of both absorptions and emissions.
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List of equations:
1) c = f x λ			
2) ∆E = h x f
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