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1. SECTION 01 – AIM OF THE EXPERIMENT AND GENERAL DESCRIPTION

The aim of the Flame Test experiment is to try and identify the ionic compounds, not limited to, but utilised in, Ordnance, Munitions and Explosives (OME).
 
The experiment referred to in this report was carried out on 02 June 2023, by the UWTSD HNC OME Course, as a group activity, in pairs.

The main tasks were to establish the identity of the metal ion in each of the unknown salt samples presented to the course, labelled A – H.  
This was achieved by observing the colour produced by the flame, by burning a sample of each unknown salt, dissolved in a solution, applied to the end of a metal rod, and held to a blue, roaring Bunsen burner flame.  It should also be noted that the course were presented with the information that one of the solutions, A – H would be a mixture of two unknown metal salts.

The course, working in pairs, then compared and contrasted notes, and results.  This was discussed at great length, amongst the course.  Due to some contrasting results, it was agreed to conduct further experimentation, and utilise the laboratory time allocated.




































2. SECTION 02(a) – THEORY AND BACKGROUND INFORMATION

The Author conducted background research to better gain an understanding of the theory behind the experiment, and better quantify the results.

BASIC CONCEPT
In chemistry, the basic concept of fundamental atomic structure is that each atom consists particles:
· Protons 	(POSITIVE charge)
· Neutrons 	(NEUTRAL, or no charge)
· Electrons 	(NEGATIVE charge)

Of the above, in general, an atom is made up of electrons, which sit in Shells, or energy levels, surrounding a central, heavy nucleus [2], containing protons and neutrons.  
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Diagram of Oxygen Atom [3]


Chemistry follows a set of fundamental laws, such as the Law of the Conservation of Energy, stating that energy cannot appear from nowhere, or disappear into nothingness.  Energy can be neither created, nor destroyed.  
Energy exists as Potential energy, including chemically stored Energy; or Kinetic Energy, for example radiant energy, which travels in waves.  Another example of Kinetic Energy is thermal energy, which is energy that comes from movement within atoms and molecules in substances. 



DEFINITIONS & EQUATIONS

· Mechanism of Photon Emissions:  Bohr’s Model – Although a simplified model, Bohr’s Model offers an understanding of Absorption and Emission, whereby an atom absorbs one photon or emits one photon, when an electron jumps in state, from one energy level, or shell, to another [5].

· Absorption Spectra:  This shows the change of absorbance as a simple function of a wavelength from incident light (Fig. 01, below) [6].
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Figure 01 [6]
 
· Electromagnetic Radiation:  In physics, electromagnetic radiation is energy moving at the universal speed of light, where it travels through free space, or through a material, in electromagnetic waves [7] eg. Radio Waves, Gamma Rays or as Visible Light.  Visible light is the focus in the following equations in this Report.

· Photon Energy:  Amount of energy in a single photon.  Proportional to its electromagnetic frequency.  Higher frequency means higher energy level [8]
Frequency is shown as “f”, below.

· FURTHER SYMBOLS IN THE EQUATIONS BELOW
E  = 	Energy
c  = 	Constant = Speed of Light = 3x108 m/s 
h  = 	Planck’s Constant = 6.63x10-34 J.s (Joules per second) (2dp)
λ = 	Lambda = Wavelength 


CHEMICAL EQUATIONS AND FORMULAE  [9] [10] [12]

PLANCK’S EQUATION   E = hf = hc
						Λ

eg.	E = (6.63x10-34) (3.00x x108 m/s)   (2dp)
				415nm

1 GHz = 1x109 Hz
eg. 	275 GHz = 275x109 Hz

E = hf 
	So...	E = 6.63 x 10-34 J.s (275x109) 
		E = 1.82 x 10-34 J / photon

The relationship between f frequency, c speed of light, and λ wavelength [11]:

c = f λ

Or: 	f = c 
 	      	      λ	

· ELECTROMAGNETIC SPECTRUM, including visible light
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Figure 02  [11]


3. SECTION 02(b) – APPLICATIONS IN OME

Light Detection and Ranging (LIDAR) – Future use by Royal Navy, enhancing situational awareness and collision avoidance of USV’s [11].

Flares – Coloured Flares used for signalling, distress signals and tactical information dissemination [1].


4. SECTION 03 – CHEMICALS AND EQUIPMENT

· LAB TOOLS AND EQUIPMENT
· Bunsen burner
· Heat resistant mat
· Matches
· Metal rod (“Looped Wire”)
· 1 M solutions of unknown metal salts labelled A – H 
· Beaker with 1 M HCL
· Beaker with De-Ionised Water (DI Water)
· Blue Cobalt Glass

· FURTHER EQUIPMENT
· Laptop
· Calculator




5. SECTION 04 – PROCEDURE

· PROCEDURE STEPS
a. Team connect Bunsen burner on heat resistant mat.  Light with match, opening air vent ensuring airflow - non-luminous blue flame.  Ensuring yellow flame when burner not being used
b. Clean wire, dipping in the 1 M HCL.  Turn flame nonluminous blue.  Heat wire in most hot cone of blue flame.  Repeat until no colour shown burning  
Where flame colour still observed there may be impurities on wire.  Repeat Step b. until no colour flame observed 
c. Immerse wire in DI Water.  Remove, heat as Step b., removing remaining residue of HCL 
d. Repeat Step b. and Step c. before / following each test
e. Lower temperature of wire 
f. Dip looped wire in one of the solutions of unknown metal salts / mixtures A – H  
g. Take the looped wire, immediately to the hot part of the flame.  Ensure flame is turned to blue for testing and orange Safety Flame when not in use  
h. Recorded observations of flame colours in the provided table 
i. Using Blue Cobalt Glass, identify the mixture of potassium and sodium 
j. Record the flame colour for DI Water and 1 M HCL




6. SECTION 05 – OBSERVATIONS AND DATA


	Unknown metal salt
	Colour of the flame
	Identity of metal
	Wavelength 

	DI water
	ORANGE
	------
	------

	1 M HCl
	COLOURLESS
	------
	------

	A
	RED/ORANGE/PINK
	LITHIUM
	580 nm – 720 nm

	B
	RED
	STRONTIUM
	630 nm – 720 nm

	C
	ORANGE
	CALCIUM
	580 nm – 630 nm

	D
	VIOLET
	POTASSIUM
	400 nm – 420 nm

	E
	YELLOW
	SODIUM
	545 nm – 580 nm

	F
	RED
	LITHIUM
	630 nm – 720 nm

	G
	BLUE/GREEN
	COPPER
	450 nm – 490 nm

	H
	LAVENDAR
	SODIUM + POTASSIUM
	400 nm – 420 nm



TABLE 01


	metal ion
	Flame colour
	Metal ion
	Flame colour

	barium, Ba2+
	GREEN/YELLOW
	potassium, K+
	LAVENDER

	calcium, Ca2+
	ORANGE
	sodium, Na+
	YELLOW

	lithium, Li+
	RED/PINK
	copper, Cu2+
	BLUE/GREEN

	strontium, Sr2+
	RED
	SODIUM + POTASSIUM1
	LAVENDAR



TABLE 02

NOTE 1:  Identified using Blue Cobalt Glass - Lavender




OBSERVATIONS NOTE

· SAMPLE A:  Amongst the Course group there was a discussion about the colour flame displayed by Sample A.  This was retested repeatedly, but a conclusion was not achieved as to the definitive identity of metal of Sample A, among the group.


7. SECTION 06 – CALCULATIONS

PLANCK’S EQUATION   E = hf = hc / λ

eg.		E = (6.63x10-34) (3.00x x108 m/s)
				415nm

COLOUR 01:
Visible RED		λ = 700 nm	
So…				
	c = f λ

f = 	c 
 	      	      	      	λ	

f = 	 3x108
 	      	     		700x10-9	

f = 	4.285714286 x 1014  Hz

ΔE =	hf 

ΔE =	(6.63 x 10-34) x (4.285714286 x 1014)	   
			
			ΔE =	2.841428572 x 10-19  J  


COLOUR 02:
Visible BLUE/GREEN	λ = 450 nm	
So…				
	c = f λ

f = 	c 
 	      	      	      	λ	

f = 	 3x108
 	      	     		450x10-9	

f = 	6.667 x 1014  Hz  (3dp)

ΔE =	hf 

ΔE =	(6.63 x 10-34) x (6.667 x 1014)	   
			
			ΔE =	4.42 x 10-19  J  


COLOUR 03:
Visible ORANGE	λ = 600 nm	
So…				
	c = f λ

f = 	c 
 	      	      	      	λ	

f = 	 3x108
 	      	     		600x10-9	

f = 	5.0 x 1014  Hz  (3dp)

ΔE =	hf 

ΔE =	(6.63 x 10-34) x (5.0 x 1014)	   
			
			ΔE =	3.315 x 10-19  J  




8. SECTION 07 – RESULTS AND DISCUSSION

As the activity was carried out by the HNC Course group, in pairs several similar results were recorded.  There was extensive discussion on the mixture identification.  Usage of the blue Cobalt Glass was applied, with and without, several times.
Due to the discussion and lack of agreement between pairs of Students, and with time and resources in abundance, the group re-tried the experiment several times, further discussing with Lecturers.
The Author records the results as follows:

SAMPLE		   COLOUR		       IDENTIFICATION      WAVELENTGH (λ)
	B
	RED
	STRONTIUM
	630 nm – 720 nm

	C
	ORANGE
	CALCIUM
	580 nm – 630 nm

	D
	VIOLET
	POTASSIUM
	400 nm – 420 nm

	E
	YELLOW
	SODIUM
	545 nm – 580 nm

	F
	RED
	LITHIUM
	630 nm – 720 nm

	G
	BLUE/GREEN
	COPPER
	450 nm – 490 nm

	H
	LAVENDAR
	SODIUM + POTASSIUM
	400 nm – 420 nm



TABLE 03

As noted in the OBSERVATIONS: NOTE, SAMPLE A colour flame displayed was debated, and tested repeatedly.  In the Authors Report, a conclusion was not achieved as to the definitive identity of metal of Sample A.


9. SECTION 08 – CONCLUSION

The activity was carried out by the HNC Course group, in pairs.  The Author believes that this inserts an amount of subjectivity to the analysis of the results.

The flame colours observed, on first testing, were somewhat conclusive.  However, as further discussion amongst the group continued, and then it was decided to carry out further experimentation, as time and resources allowed further testing, the results became less conclusive and there was some disagreement between pairs within the group.
This illustrates that interpretation of data can be subjective.

However, this Report has recorded the data as laid out in SECTION 07.  It is the Author’s conclusion that Sample A was inconclusive, but Samples B – H were correctly identified.

To draw from this, the Author would recommend testing and identification of Metal Salts using other means of testing, to gain more conclusive data.
Equipment such as a Spectroscope [13] would produce a line spectrum, and therefore provide a less subjective result, against the use of the naked (human) eye [14].














APPENDICES
APPENDIX A1 – DATA SHEET
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Above: DATA SHEET INCLUDING HAND WRITTEN NOTES
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(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 Fig 2,
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