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1 Introduction

The purpose of this experiment is to identify unknown metal ions using a flame
test, observing their colour output and comparing it to the emission spectrum to
understand the wavelengths of light which produce different colours during

deflagration of materials.

The expectation is that each metal ion salt which is burned will produce a visibly
different colour, which can be compared to the emission spectrum and an

associated wavelength can be identified.

A dependant variable included in this report include wavelengths/colours emitted,
from the burning of each of the metal salt ions, which translate into frequencies

and therefore energy emittance. This is represented by the following equations:

> a

f=
Equation 1 - Relationship between Frequency, Wavelength and The Speed of Light

Which can be used to identify the change in energy using the equation:

AE = f X h

Equation 2 - How to Calculate the Change in Energy Using Frequency and Plancks

Constant

Where:

f is the frequency of light in Hz!

c is the constant speed of light (3.0x108ms™?)
A is the wavelength(m)

h is a Planck constant (6.63x1034Js)

AE is the change in energy level produced by the emittance of photons



2 Results

2.1 Observations and identification

For the experiment the following table was used to record findings, where the

identified metals were assumed from the observations made in the following

table:

Unknown metal | Colour of the | Identity of | Wavelength
salt flame metal (nm)
DI water Light Yellow |- |-
1 M HCI Light Yellow |- |-
A Orange Sodium 610
B Lilac Potassium 405
C Dark Orange Calcium 640
D Red/Pink Lithium 680
E Blue/Green Copper 480
F Dark Red Strontium 750
G Yellow/Green Barium 560
H Orange/Yellow Mix 590

Table 1 - Recorded Observed Results  [1]

The associated wavelengths recorded in the table are estimations based on the
following scale:
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Figure 1 - Visible Light Spectrum [1]



2.2 Key Findings and Patterns Observed

The key findings identified during this experiment were the visible difference
between colours emitted, which distinguishes obvious differences in wavelengths
of photons emitted during the test, and therefore distinctive differences in
changes of energy. There were no discernible patterns when analysing the data

recorded in table 1. This will be discussed later in the report.

For visual referencing a chart has been created, listing the elements in order of

how they appear in the periodic table (with the exception of the mixed compound):
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Figure 2 - Chart of Wavelength Comparison
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3 Discussion

3.1 Significance of Results

The results obtained during the experiment signified the difference levels of
energy produced, in the form of photons, differentiated by their wavelengths. This
allows better understanding of how to identify material composition based on

visual analysis.

3.2 Comparison of Elements

When comparing the results of copper and strontium, the frequency was first
calculated, following by the change in energy when burned.

For Strontium:

3.0x108

= —750 X 10_9 = 40 X 1014HZ

AE = (6.63 X 1073%) x (4 x 101*) = 2.65 x 1071
For Copper:

3.0x108

= W = 6.3 X 10*Hz

AE = (6.63 x 1073%) x (6.3 x 10*) = 4.14 x 10719

It can be discerned from these calculations that a lower wavelength results in a
higher frequency, and in turn there is a higher change in energy. This is likely due
to copper being a more stable substance, having more of its electron shell filled,
and therefore requires a higher energy input to excite the electrons into a higher
state, therefore when they return back to the ground state they release a larger

guantity of energy in the form of photons.

3.3 Relevance to OME

With regards to OME, a more advanced method called spectroscopy is used,
where a Fourier-Transform InfraRed (FTIR) spectrometer is used to collect high-

resolution spectral data of a wide spectral range, enabling analysts to identify



chemicals and verifying the use of substances such as Semtex, dynamite, TNT

and hundreds of other coloured materials.[3]

3.4 Applications of Spectrometry Analysis

Other applications of Spectrometry analysis include pesticide screening, soil
contamination, drug discovery and absorption, carbon dioxide monitoring and

many other things.[4]

3.5 Limitations and Sources of Error
Limitations for this experiment were as follows:

- Cleanliness of equipment causing potential contamination — particularly
using the same metal rod across all salts, even though it was cleaned it
cannot be guaranteed that it was clear of contamination

- Using only visual analysis

Both of these variables could lead to errors when attempting to identify colours

and associated wavelengths.



4 Conclusions

4.1 Summary and Evaluation

In summary, different elements can be identified by the input of energy and
observation and analysis of light colour output, comparing it to a wavelength
spectrum. It can also be said that the longer the wavelength, the lower the
frequency and therefore the lower the change in energy. The difference in colour
output observed during this experiment supports the hypothesis stated in the

introduction.

4.2 Future direction

Considering the limitations and potential errors, if this experiment were to be
conducted again it could be improved using separate, clean metal rods for each
substance burned, as well as a spectroscope to analyse the colour/wavelength

of photon emission for more accurate results.
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6 Appendices

6.1 Appendix 1 — Materials and methods

6.1.1 Materials and equipment

The following equipment was used during the experiment:

Bunsen burner

Heat-resistance mat

Matches

Metal rod

1M solutions of unknown metal salts labelled A-H
Beaker with 1M Hydrochloric Acid (HCL)

Beaker with deionised water (DI water)

Blue cobalt glass

6.1.2 Experimental procedure

1. A Bunsen burner was set up on the surface of the heat-resistant mat. It

was then lit and the air vent to opened to obtain a non-luminous flame with
two blue cones. When the Bunsen burner was not in use, it was ensured

that the safety yellow flame was on.

The wire was cleaned by dipping it into the 1M HCI and then heated in the
hottest part of the flame. This step was repeated several times until no
colour was shown. If the flame’s colour changed, there was still an impurity
on the wire and it was dipped again in the acid and returned it to the flame

until the wire is clean.

The wire was then dipped in DI water and heated as before to remove any
residue of HCI from the cleaning step. Steps 3 and 4 were repeated

before/after each test.

The wire was then allowed to cool and dipped in the solution of one of the
unknown metal salt/mixtures. The wire was then heated in the hot part of
the flame an observation of the coloured flame was recorded in the table.

Cobalt glass was used to identify the mixture of sodium and potassium.



5. Steps 2-4 were repeated for all other unknown samples.

6. the colour of the flame for DI water and 1 M HCI was also recorded for
reference.

6.1.3 Use of Cobalt Glass

Blue cobalt glass was used during this experiment to remove yellow(sodium)

emission, to identify elements which weakly emitted blue and/or violet.[5]

6.2 Appendix 2 — Original Data Sheet
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