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1. Introduction 

1.1. Aim of experiment 

The purpose of this experiment is to determine which unknown metal salts were 
present in a series of eight different solutions as well as provide experience in 
lab protocol, techniques and report writing. 

1.2. Hypothesis 

The hypothesis being tested in this experiment is that the metal salts can be 
determined by heating the solutions in a flame, identifying the colour produced, 
and therefore wavelength of the light emitted.  This wavelength can then be 
compared with the existing data on the wavelengths of light produced by metal 
salts and the student can then determine what salts are present through 
comparison. 

1.3. Experiment variables 

Independent variable:  
Solution tested and therefore the metal salts present in each solution. 
 

Dependant variable:  
Colour of the flame produced by the heated solution. 
 

Control variables:  

• Flame type: Bunsen burner. 

• Lighting conditions: Ease of viewing flame. 

• Ambient temperature: Constant room temperature. 

• Cleaning solution: 2M HCl, Deionised water. 

• Inoculation loop material 

1.4. Experiment equations 

𝑓 =
 C

λ
 

f = frequency (Hz) 
λ = Wavelength (m) 
C = Speed of Light constant (3.0*108 ms^-1) 

Equation 1 - Relationship between speed of light, wavelength and frequency 

ΔE = f x h  

f = frequency (Hz) 
h = Planck’s Constant (6.63*10-34)  
ΔE = Difference in energy levels (J) 

Equation 2 - Relationship between change in energy, Planck’s constant and 

frequency  
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2. Results 

2.1. Results  

In the experiment all the solutions produced a coloured flame when burned. The 
different colours observed by the student are listed alongside an estimation of 
which metal ions are present in the solute.  An additional estimation of the 
observed wavelength is also recorded, using Figure 1 as a reference. 
 

  

Figure 1 - Visible Light Spectrum [1] 

 

 

Unknown Metal Salt Flame colour Metal identity Wavelength (nm) 

DI Water Yellow N/A N/A 

2M HCl Yellow N/A N/A 

A Orange Na 610 - 620 

B Lilac K 400 - 410 

C Dark Orange Ca 630 - 640 

D Red Sr 690 - 700 

E Blue Green Cu 480 - 490 

F Pink, Red Li 670 - 680 

G Yellow Green Ba 555 - 565 

H Yellow Orange Na 610 - 620 

Table 1 - Results from experiment 

The mixture solution was narrowed down to samples A and H however the 
additional colours present in the flame were not able to be observed even with 
the cobalt glass. This is present due to contamination from the Sodium salts as 
they produce a bright Yellow/Orange flame which drowns out the other salts 
light emission. No patterns in the data were apparent to the student as even 
though some of these elements share similar locations on the periodic table, 
they would still produce a variety of colours. 
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Figure 2 - Periodic table [2] 

3. Discussion 

3.1. Significance of results 

 
Even though the metal ions were from the same groups, they would still vary in 
colour produced due to the difference in gaps between energy levels. This is 
due to the difference in proton count as well as the number of electron shells. 
An increase in the proton count will increase the electrostatic force however the 
increase of electron shells dampens this force through electron shielding. The 
shorter the wavelength observed, the higher the energy between energy levels 
in the metal. The flame colours are produced by the emission of photons from 
the electrons in the metal moving between energy levels. 

3.2. Metal salt comparison 

When comparing the wavelengths produced by lithium and potassium in Figure 
1, the difference in energy gaps between the energy levels in the metals can be 
determined through the following calculations: 

Calculation of frequency (Hz): 

fK = 3*108 / λK = 3x108 / 405x10-9 = 7.41x1014 Hz 

fLi = 3*108 / λLi = 3x108 / 675x10-9 = 4.44x1014 Hz 

Calculation of energy gap (J): 

ΔE (J) = 6.63x10-34 * f (Hz) 
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ΔEK = 6.63x10-34 x 7.41x1014 = 4.91x10-19 J 

ΔELi = 6.63x10-34 x 4.44x1014 = 2.94x10-19 J 

 
Using the above calculations, potassium has an energy gap 1.67 times greater 
than lithium. 

3.3. Relevance to OME 

 
The use of spectroscopy is relevant in the OME field as explosive compounds 
can be identified. One of these techniques is called Fourier transform infrared 
spectroscopy (FTIR). This process can identify, and discriminate explosives 
based on their characteristic fingerprint spectra, not only as pure crystalline 
forms but also in real post-blast forms [3] . This technique works by measuring 
the absorption of light by the sample when a light is shined on it. This light will 
contain multiple wavelengths of light and then an absorption spectrum is 
produced and can be compared to determine the explosive. 
 

3.4. Application of spectroscopy 

Another application of spectroscopy is its use in Phytochemistry, which is the 
study of bioactive compounds extracted from plants. [4] 

3.5. Sources of error 

 
The method of this experiment allowed for a range of error sources: 
 

1. Use of the same inoculation loop – Allowed for contamination from both 
previous experiments and the current experiment. This would be fixed by 
ensuring that you use a fresh loop for each sample. 

 
2. Dipping of loop in sample – The sample would be contaminated with any 

remnants left from both the student’s group as well as the other groups in 
the lab. This could be resolved by transferring the main sample into 
containers for each group, reducing cross-contamination. 

 
3. Human error – When determining the wavelength of light, the method relied 

on human observation along with a comparison against a printed chart to 
estimate the wavelength of light. This could be made more accurate using 
equipment to measure the wavelength instead. 

 

4. Conclusions 

The results of the experiment validated the hypothesis of the experiment, the 
different salts were determined with exception of the mix. Each of these salts 
produced different wavelengths of light and direction for further experimentation 
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could be to test a wider variety of metal salts to determine if a wider pattern can 
be observed
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6. Appendices 

6.a. Annex a - Materials and methods 

Lab tools and supplies: 

• Bunsen burner 

• Heat-resistant mat 

• Matches 

• Metal inoculation loop 

• 1 M solutions of unknown metal salts labelled A-H 

• Beaker with 2 M HCL 

• Beaker with deionised water 

• Blue cobalt glass 
 
Procedure [1]: 

1. Set up a Bunsen burner on the surface of the heat-resistant mat. Light it 
and open the air vent to obtain a non-luminous flame with two blue cones. 
Ensure that the safety yellow flame is on when the Bunsen burner is not in 
use. 
 

2. To clean the wire, dip it into the 2M HCl and heat it in the hottest part of the 
flame. This step is usually repeated several times until no colour is shown. If 
the flame’s colour changes, there is still an impurity on the wire. Dip it again 
in the acid and return it to the flame until the wire is clean.  
 

3. Dip the wire in deionised water and heat as before to remove any residue of 
HCl from the cleaning step. Repeat steps 3 and 4 before/after each test! 
 

4. Cool down the wire and dip it in the solution of an unknown metal 
salt/mixture. Heat the wire in the hot part of the flame. Record your 
observation of the coloured flame in the table below. Use the cobalt glass to 
identify the mixture. 

 
5. Repeat steps 2-4 for all other unknown samples.  

 
6. Record the colour of the flame for DI water and 2 M HCl. 

 
Explanation of cobalt glass 
The use of cobalt glass in this experiment is due to the wavelength filtering 
properties the glass has. Sodium has a very strong flame when burning which 
can obscure the light emitted by other salts present in the mixture if any. The 
cobalt glass absorbs these wavelengths of light making it easier for the human 
eye to determine any other salts present in the flame. 
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6.b. Annex b – Original data sheet [5] 

 


