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[bookmark: _Toc192966288]Abstract
This report aims to be a description of a common blind flame test, how it functions and the outcome of said test. Of further interest are applications within the world of OME.

Keywords:	
Introduction
Results
Discussion
Conclusions
References
Appendices
[bookmark: _Toc290554219][bookmark: _Toc299621184][bookmark: _Toc299631412][bookmark: _Toc299631472][bookmark: _Toc299631562][bookmark: _Toc299631639]

[bookmark: _Toc192966289]Acknowledgements
It is obvious that I must thank my lecturer, Ewa Kazimierska. Thank you for your patience and support.
I further remain grateful to my partner for her understanding in my taking over the living room and disappearing down the rabbit hole for hours on end.



Table of Contents
Academic integrity declaration	i
Abstract	ii
Acknowledgements	iii
List of Figures	v
List of Abbreviations	vi
1 Introduction	7
1.1 Purpose	7
1.2 Hypotheses	7
1.3 Variables, Terms and Equations	7
2 Results	8
3 Discussion	9
4 Conclusions	12
5 References	13
Appendices	14
Appendix A Materials and Methods	14
Precautions prior to procedure	14
Personal Protective Equipment (PPE)	14
Equipment and Materials	14
Process	15
Appendix B Data Sheet	16


[bookmark: _Toc51833371][bookmark: _Toc290554220][bookmark: _Toc299621185][bookmark: _Toc299631413][bookmark: _Toc299631473][bookmark: _Toc299631563][bookmark: _Toc299631640]

[bookmark: _Ref137801750][bookmark: _Toc192966290]List of Figures
Figure 1	8
Figure 2	15
[bookmark: _Toc51833372][bookmark: _Toc290554221][bookmark: _Toc299621186][bookmark: _Toc299631414][bookmark: _Toc299631474][bookmark: _Toc299631564][bookmark: _Toc299631641]

[bookmark: _Toc192966291]List of Abbreviations
	λ
	Wavelength
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[bookmark: _Toc192966292][bookmark: _Toc51833421]Introduction
[bookmark: _Toc192966293][bookmark: _Hlk192958455]Purpose
The purpose behind this test is to determine the metal ions contained within a blind selection of salts. 
[bookmark: _Toc192966294]Hypotheses
The Hypothesis is that through heating (as well as electromagnetic radiation or electrical energy), valence electrons enter an excited state leading to their movement into higher orbitals away from the nucleus. As instability causes them to drop back into lower orbitals they release energy in the form of a photon of light inside of a certain wavelength of which some will be within the visible spectrum. This visible wavelength is interpreted as a colour which should identify the metal-ions within the salt.
[bookmark: _Toc192966295]Variables, Terms and Equations
[bookmark: _Hlk192914883]Wavelength (λ) x frequency (f) = constant of the speed of light (c). c = 3.0 x (10 to the power of 8)m/s. c = λ x f
[bookmark: _Hlk192943304]ΔΕ = f x h. h = 6.63 x (10 to the power of 34)Js.


[bookmark: _Toc192966296]Results
As per the below table the findings during the experiment have been outlined. All findings are approximated in relation to wavelength. 
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[bookmark: _Toc193192701]Figure 1
Due to either contamination suspected of remaining in contact with the nichrome wire despite measures taken or the wire itself causing said colouration all observations contain at least trace amounts of orange. This note is omitted within the chart unless particularly noticeable. Both samples C and H are the last to be tested and remain unreadable (based upon blind sample content list) after cleaning and retest. The majority of samples are from group 1 of the periodic table which are generally considered the easiest to identify by means of this test. 


[bookmark: _Toc192966297]Discussion
Six out of eight samples have a high likelihood of having been correctly identified based upon strong colours observed. This evidences the flame test as a quick, easy and cheap method of identifying at best the metal contained within a sample and at worst the range of the spectrum in which to seek further clarification. It further allows the elimination of certain elements within samples during identification, at least in any meaningful quantity.
If we compare Lithium and Strontium, the difference between the colours is clearly defined with Lithium showing a pink shade that could be described as carmine and Strontium a deeper crimson. This is due to them emitting a photon at a specific wavelength within the visible spectrum. 
Visible light is a form of electromagnetic radiation, wherein differences in wavelength show up as colours. The wavelength is the distance within which the wave repeats in meters while the frequency is the number of waves per second defined as Hertz (Hz). All electromagnetic waves travel at the speed of light.
Light also travels as quanta of energy called photons. The energy level per photon (ΔΕ) may be measured in Joules (J) through the frequency and Planck’s constant (h) which he devised during his research into blackbody radiation.
Given that we are reading the wavelength of Lithium at approximately 680nm, and in light of the calculations above, we may assume that:
c / λ or: 3.0 x 10 to the power of 8 / (680 x 10 to the power of -9) = f
f = 4.41764706 x 10 to the power of 14Hz
[bookmark: _Hlk192943859]f x h or: 4.41764706 x 10 to the power of 14 x (6.63 x 10 to the power of 9) = ΔΕ
ΔΕ = 2.928900001 x 10 to the power of 24Js
In turn if we look at Strontium with a wavelength of approximately 720nm:
[bookmark: _Hlk192944000]c x λ or: 3.0 x 10 to the power of 8 / (720 x 10 to the power of -9) = f
f = 4.166666667 x 10 to the power of 14Hz
f x h or: 4.166666667 x 10 to the power of 14 x (6.63 x 10 to the power of 9) = ΔΕ
ΔΕ = 2.7625 x 10 to the power of 24Js
The importance of identifying metal ions within a compound are clear. Salts such as sodium azide are used amongst other things in car airbags and can be combined with other high-energy materials such as RDX or ammonium nitrate in order to increase the nitrogen content thus enhancing the explosive efficiency [1]. Within pyrotechnics such as signalling stars or airburst illuminators metallic compounds are used in colouration as well as to increase the temperature through the addition of, for example, magnesium. In an entirely different format, within smoke generating compositions the organic dyes absorb all but the colours that are within its region. So red dyes absorb all light within the visible spectrum other than those frequencies in the red range. There is also considerable use within the field of pyrotechnic countermeasures such as iron and potassium perchlorate. [2]. 
There are a number of limitations within the scope of this experiment that must be taken into account. Nichrome wire does not burn clean the way that a platinum wire would but rather adds an orange colouration to a given flame potentially obscuring less bold colours. Contamination between samples, regardless of safeguards taken, is inevitable without replacing said wire between each test. The wire was gently sanded with wet & dry prior to the first and prior to the fifth test so as to minimise said contaminations. The cobalt glass used can obfuscate certain colours behind it depending on shade which may lead to a repeat test being required. Failure to have a high enough temperature on the Bunsen burner or to place the sample into a cooler area of the flame has the potential to cause the test to fail. Holding a sample too long into a flame may cause the wire to glow, which can affect the flame colour. Combined with a time limit on laboratory use all of the above could have a limiting effect on the outcome of this experiment.


[bookmark: _Toc192966298]Conclusions
The 8th edition of A Dictionary of Chemistry describes a flame test as “A simple test for metals, in which a small amount of the sample (usually moistened with hydrochloric acid) is placed on the end of a platinum wire and held in a Bunsen flame. Certain metals can be detected by the colour produced: barium (green), calcium (brick red), lithium (crimson), potassium (lilac), sodium (yellow), strontium (red) [3]. Evidently the flame test, albeit within limitations, demonstrates that various metal ions exhibit a different flame colour upon exposure to heat permitting limited identification in an easy and cheap manner. While contamination may affect the result, and there are limits to how small a trace may be detected within a sample, this should prove a valuable resource to gain insight into the range of metals therein contained by comparison to known data. One must remain conscious of the fact that different samples may create similar flame colouration. When uncertain comparison between these may be required by the gathering of further samples.
Future research could include the use of spectrometry or spectroscopy to more precisely determine the wavelength of a given sample and narrow the margin for error. With a high enough definition image, it should be possible to analyse the likely metallic components within a detonation even from a significant distance or after the fact. If we imagine the burn-off from the surface of an asteroid, for example, following a powerful pulse of x-ray radiation it could give a clue as to its composition.
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[bookmark: _Toc192966301][bookmark: _Hlk192966060]Materials and Methods
[bookmark: _Toc192966302]Precautions prior to procedure
· Long hair to be tied back
· Long trousers and closed footwear to be worn
[bookmark: _Toc192966303]Personal Protective Equipment (PPE)
· Eye protection
· Lab coat
· Gloves (latex or nitrile)
[bookmark: _Toc192966304]Equipment and Materials
· Bunsen burner
· Heat resistant mat
· Matches or igniter
· Looped nichrome wire on wooden handle
· Beaker with 1 M Hydrochloric acid solution (HCL)
· Wash bottle containing deionised water (DI Water)
· Observation sheet
· Pen
· Blind selection of 8 metal salts labelled A – H containing:
· Barium Chloride
· Calcium chloride
· Lithium chloride
· Strontium chloride
· Strontium nitrate / Potassium nitrate
· Potassium chloride
· Sodium chloride
· Copper chloride


[bookmark: _Toc192966305]Process
1.) Place Bunsen burner onto heat resistant mat and light
2.) Adjust Bunsen burner until showing non-luminous flame with two cones
3.) Dip wire into HCl and place into flame just above first cone in order to clean, repeat until no further flame colour is showing
4.) Dip wire into DI water and place into flame just above first cone to clean off HCl residue
5.) Cool wire from glowing and dip into first sample and place into flame just above first cone, check through cobalt glass to verify if mixed sample then record observations
6.) Repeat points 3 through 5 for each sample
7.) Treat individual samples of HCl and DI water as if they were samples and record flame colours
8.) It is acceptable to sand back the wire with wet & dry, then clean the wire as per steps 3 to 4 when contamination significantly impacts the readings

Cobalt glass absorbs yellow light and therefore makes it easier to verify the true colour of the flame as it is not being overwhelmed.
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Blind Metal Salt SampleObserved Flame ColourationSuspected Metal IonApproximate Wavelength Observations

DI Water Orange N/A N/A Potential Contamination

1 M HCl Orange N/A N/A Retains orange colouration despite cleaning and sanding of wire

A Strong Orange Calcium 630nm

B Rapidly Fading Purple Potassium 400nm Cobalt glass obfuscates colours, potentially due to colour behind shade of glass

C Orange ? 610nm No distinction behind cobalt glass, potential contamination

D Red Strontium 720nm

E Blue/Green Copper 500nm

F Red/Pink Lithium 680nm Faint green corona, potential contamination carried over

G Green with Yellow Hue Barium 580nm Could be a combination of sodium and potassium if compromised by contamination

H Orange ? 610nm No distinction behind cobalt glass, potential contamination
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