




COLOUR CHEMISTRY – ACDB 4011
Ben Palmer-Drury – 23 June 2023



















Contents Page
Abstract & Introduction					P3
Theory							P4
Chemicals & Equipment 					P6
Procedure 							P6
Observations						P7
Calculations						P8
Results, Discussion & Conclusion			P9
References 						P10





















Abstract
The purpose of this experiment was to determine the identity of, 8 unknown salt samples, by observing them when heated in a naked flame. One sample contained a mixture of sodium and potassium, which could be observed through cobalt glass.
Introduction 
FES or “flame emission spectrometry” is an atomic optical emission spectroscopy technique, which uses a direct heat source, in this case a naked flame, to excite a substance. A small amount of the sample solution is introduced to the flame, using a special tool. This tool is a wooden dowel, fitted with a metal loop at one end. This is the exposure wire. When the wire, soaked in the solution is introduced to the flames corona, (the tip of the second, inner, flame of the burner), it is vaporised, atomised, and excited. This is achieved by distributing a valence electron, to a higher energy state. Every excited atom emits light, as the electron returns to its normal state. Each substance has its own characteristic wavelength that it emits light at, hence a different colour. The emission wavelength for each solution, is visually different and the corresponding emission spectrum can be used to identify the element. FES has become a simple, fairly cheap, high turn-over method, used for the routine analysis of numerous elements in a number of business fields [1]. For the purposes of OME, this can tell us what colour elements will produce in pyrotechnics and fireworks. 

















Theory 
There are a few drawbacks to this method. Visual colour identification is completely subjective, and is dependent on the observer’s interpretation. What the current reader may see as navy-blue, could be seen in different shades, by someone else [2]. ‘Seeing’ colour depends on light waves reflecting from surrounding objects. The rods and cones in the retina, react differently to contrasting wavelengths, sending electrical signals to the visual cortex, where it is interpreted [3]. One of the most obvious drawbacks to this method is colour blindness. Complete colour blindness is uncommon, however most people suffer from just seeing colours differently. This can be something as simple as brightness or shades [4]. This is why, in industry, when accuracy is needed, analysis is compiled by computer.
Light is electromagnetic (EM) radiation that is visible by the human eye, as indicated by the figure below;
[image: ] [5]







EM radiation travels in waves, at a speed of 299,792,458 meters per second in a vacuum. When these waves intersect matter this speed decreases [6]. In 1905 Einstein proposed that light, when transmitted, was composed of miniscule packets of energy (photoelectric effect). In 1926, these packets became known as photons. However, in 1900, Planck had already proposed a theory for the concept, by explaining that radiation, specifically heat, was emitted and absorbed in definite units. 
We now have the Planck Constant. This has a defined value of; 
“h = 6.6260693(11) x 10-34 J s. Uncertain values in the decimal place are in brackets”. [7]
For the purposes of this report it will be simplified to h=6.63x10-34 joules. This can be shown as; 
E=hf or Energy = Planck’s Constant X Frequency
The following table gives approximate spectrum wavelengths; 



[image: ]

[8]

Light when it passes through objects that are capable of refraction, (e.g. a curved glass), can emit, colours. It can also produce results in non-visible wavelengths, especially when hydrogen fills a jar. 
In general, the energy of a wave is related to its amplitude. However, the energy of light is related to frequency. 
[image: ]




		[9]
All light waves move at the speed of light, but the wavelength changes. Frequency is the number of full oscillations per second, measured in Hertz. A full oscillation is a measure of 1 positive and 1 negative movement of the wave returning to zero. 
The ultimate purpose for this exercise is to ascertain chemicals that can be used in OME applications. Primarily, this chemistry is reserved for use in fireworks, as different elements and compositions can be used to great effect, with combinations of colours. White light is useful in something like the 155mm Illuminating shell. This is fired into a low altitude and burns brightly at night, enabling regular troops to see. This round has a fill (not including propellant) indicated below. [10]. (Mg + Ba2 + KNO3). 
	Magnesium
	Shiny grey metal with low density, low melting point, and high chemical reactivity. Burns with bright white light.

	Barium nitrate
	Colourless, toxic and water-soluble. Inorganic. Burns green. Oxidiser.

	Potassium nitrate
	Ionic salt of potassium ions K+ & nitrate ions NO2-. Occurs naturally as niter. Part of the saltpetre family of nitrogen-containing compounds.



The white light is from a high temperature burn. The particles emit in a broad range creating white-out of the visible spectrum.




Chemicals and Equipment
PPE required for completion of this task;

	PPE
	EQUIPMENT
	CHEMICALS (1M)

	Lab coat
	Bunsen burner

	HCL – Hydrochloric acid

	Safety goggles
	Heat-resistant mat

	BaCL2 – Barium chloride

	Nitrile gloves
	Matches

	CaCl2 – Calcium chloride

	Long hair tied up
	Wooden dowel, with metal exposure wire
	LiCl – Lithium chloride

	Excessive facial hair covered
	1M solutions of unknown metal salts, labelled (A-H)
(See next column)
	SrCl2 – Strontium chloride

	Long trousers
	Beaker with deionised water (DI)
	Sr(NO3)2 – Strontium nitrate

	
	Blue cobalt glass

	KCl – Potassium chloride

	
	
	KNO3 – Potassium nitrate

	
	
	NaCL – Sodium chloride

	
	
	CuCl2 – Copper chloride


N.B - Hydrochloric acid available, if water is an insufficient cleaning medium.

Procedure
1. Set up a Bunsen burner, on a heat-resistant mat. Light it, and open the air vent to obtain a two-flame blue cone. The burner must be on a yellow safety flame when not in use.
2. Dip the exposure wire in the DI water, and heat it in the corona of the blue flame. Repeat until no colour is shown. If necessary, use hydrochloric acid to clean, and re heat. 
N.B Ensure a clean wire to avoid cross contamination of samples.
3. Let the wire cool. Dip into one of the marked solutions, then heat in the corona of the flame. Record observation in table. The original is included in the next section.
4. Use the cobalt glass to identify the mixture of sodium and potassium.
5. Repeat for all other samples. The author and his partner decided to perform each test a minimum of 3 times to observe and record.
6. Record the colour of the flame for DI water and HCl if used.






Observations & Data
[image: ]




	Metal Ion
	Flame Colour
	Metal Ion
	Flame Colour

	Barium Ba2+
	Green/Yellow
	Potassium K+
	Lavender/Lilac

	Calcium Ca2+ 
	Orange
	Sodium Na+
	Yellow

	Lithium Li+
	Red/Pink
	Copper Cu2+
	Blue/Green

	Strontium Sr2+
	Red
	
	


The table is indicative of the colours to observe for, as supplied by UWTSD.

Calculations
The table as shown in citation [8] will be used to derive the frequency for the below calculations. The frequency values used will be from mid-range.
E=hf or Energy = Planck’s Constant X Frequency
Solution C – A yellow colour was observed. This would indicate a sodium solution.
Sodium chloride photon energy = 6.63x10-34 j/s X 520x1015 THz
				= 3.45x10-16 eV

Solution D – A lavender/lilac colour was observed. This would indicate a potassium solution.
Potassium chloride photon energy = 6.63x10-34 j/s X 745x1015 THz
   				= 4.94x10-16 eV

Solution F – A red flame was observed. This would indicate a strontium mixture.
Strontium chloride photon energy = 6.63x10-34 j/s X 442x1015 THz
				= 2.93x10-16 eV















[bookmark: _GoBack]Results & Discussion
The results from the task are in the Data section on p7. The following table is a list of the elements used in this experiment and their uses within OME (all can be used in fireworks so this has been omitted);
	Base Element
	Uses

	Strontium
	Hard ferrite (Iron-based ceramic) magnets. Strontium-90 radioactive by-product. Tracer bullets.

	Lithium
	Dry cell batteries. A critical component to the manufacture of dry thermonuclear devices.

	Sodium 
	Sodium nitrate used in solid rocket propellant because of its slow burn rate.

	Potassium
	Potassium chloride used in matches, fertilizer (ANFO), rocket fuel.

	Barium
	As barium azide, was used in grenades. Barium nitrate used in primers, dets, flares, tracers…

	Calcium 
	Calcium ammonium nitrate used in ANFO IED’s.

	Copper
	Copper azide is very powerful primary, but unstable. Currently being stabilised by the Chinese.



The limitations of this technique have already been discussed in a previous section, due to the subjectivity of the observer, and their interpretation of colours. The author failed to identify the mixture of sodium and potassium at the time of conducting the experiment. Initially, solution A’s identity was deemed to be inconclusive. This was after an exhaustive discussion with the rest of the cohort. Upon reflection, it is now the belief that this solution is the potassium-sodium mix. This is due to the fact that, when the two colours that they produce on their own are mixed, they produce a colour similar to that which was observed. When this solution was initially introduced to the flame, it was identified as strontium. However, when it came time to burn solution F, which burnt a vibrant red, the assumption was changed. Also, the limitations due to subjectivity reappeared, when solution G was introduced, having previously finished with solution E. These two solutions seemed to have a very similar burn profile to the author, but after repetition and extra cleaning of the exposure wire, the final conclusions were reached.

Conclusion
In conclusion, all of the solutions were identified, insofar as the author could identify with their subjective observations. It is a quick, and fairly accurate technique for basic identification of solutions. For a more accurate and speedy analysis, a flame emission spectroscope would be optimum for the task. This equipment would remove subjectivity and any ambiguity on the part of the operator. An operator who was completely colour blind, would be able to identify substances tested (subject to the report format) using a spectroscope. The data derived from a spectroscope can be used to identify particular metal ions and the concentration per sample. Some of the flames produced were vivid, and the author can now further appreciate the science behind fireworks. 
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