
 SMARTPHONE SPECTROSCOPY 

 

AIM 

Analyse colour and concentration using a smartphone and investigate the Beer–Lambert law through 

calculations based on the results of the experiment. 

PRINCIPLE 

The reason we see colour is because everything around us absorbs different wavelengths of light. The 

colour wheel (as shown in figure 1) can help us keep track of what colours are being absorbed. For 

example when an object is yellow in colour it absorbs its complimentary colour purple and vice versa. 

 
Figure 1. A colour wheel showing the complimentary colours  

Picture courtesy: https://textile-ideas.blogspot.com/2013/08/color-wheel.html 

 

We are going to use this understanding and measure the quantity called LUX number (using smart 

phone) for solutions with different concentrations. A Lux number indicates the luminous flux 

received per unit area.  It is a unit of measurement equivalent to one lumen / m² and with which it is 

possible to calculate how much lighting affects a given area. In more diluted drinks there is only a 

small amount of coloured portion available to absorb the light thus most of the light from the torch 

will pass straight through the drink and into the camera of the smart phone, giving us a large lux 

number. However, in more concentrated drinks there is more coloured portion available to absorb the 

light. In this case, only a small amount of light will pass through the drink and into our smartphone 

camera, which will give us a smaller lux number.  

The LUX number that we get is directly proportional to the transmittance.  

The following equation will give you the percentage of transmitted light (%T) : 

 

                                                  
Transmitted light = lux number of coloured solution + water  

Incident light = lux number of water (blank sample) 

Absorbance is the opposite of transmittance and states how much of the light the sample absorbed: 

Absorbance = 2 – log
10

 (%T) 

%𝑇 =  
𝑇𝑟𝑎𝑛𝑠𝑚𝑖𝑡𝑡𝑒𝑑 𝐿𝑖𝑔ℎ𝑡 (𝐼)

𝐼𝑛𝑐𝑖𝑑𝑒𝑛𝑡 𝐿𝑖𝑔ℎ𝑡 (𝐼0)
 𝑋 100 

https://textile-ideas.blogspot.com/2013/08/color-wheel.html


The Beer-Lambert law states that there is a linear relationship between the concentration and the 

absorbance of the solution, which enables the concentration of a solution to be calculated by 

measuring its absorbance. 

Therefore if we know the concentration and we calculate the absorbance we can investigate Beer 

Lambert law through our experiment. 

MATERIALS REQUIRED 

• A small torch 

• A smartphone with light meter application installed (e.g. Light meter, Luxmeter) 

• Identical drinking glasses -3  

• Fruit squash / any coloured solution like turmeric solution (preferably with dark colour) 

• Water 

• Something for measuring (e.g. a graduated cylinder/cooking jug/measuring cap) 

• A spoon 

• A  filter having complimentary colour to that of your coloured solution (eg, sweet wrapper or 

drinks bottle) 

 

PROCEDURE 

STEP 1 : Download a light meter app to the smartphone. There are many free versions available 

across all platforms. They are sometimes called a ‘lux meter’ because they provide us with ‘lux 

numbers’. 

STEP 2 : Prepare your light filter. You can get this from a sweet wrapper or by cutting it out of a used 

drinks bottle. Cover this around the torch light. 

STEP 3: Using the measuring jug, measure an equal amount of water into each glass. It doesn’t matter 

how much you use as long as it’s the same amount in each glass. 100 ml should be sufficient. 

STEP 4 : Add a measured amount (1 ml, 5 ml, 10 ml) of coloured solution to each glass to create your 

concentrations. Ensure each drink is thoroughly mixed using the spoon.  

STEP 5: Set up the experiment with the torch and filter on one side of one of the glasses and the 

smartphone on the other side. Ensure the camera is directly across from the torch. Consistency 

between each sample is very important to achieve the best possible straight-line graph. 

  
 Picture courtesy: https://www.thoughtco.com 

 

https://www.thoughtco.com/


STEP 6 : Repeat the experiment for each drink, recording the lux number each time. Observe that the 

lux number is inverse to the concentration, so the higher the concentration the lower the lux number. 

STEP 7: Plot a graph between concentration and absorbance and verify Beer- Lambert law. 

OBSERVATION 

LUX number of pure water (Io) = 

SAMPLE Coloured 

Solution 

added 

(ml) 

Water (ml) Lux number 

‘I’ 

% 

Transmittance 

(I/Io ) x 100 

Absorbance 

2 – log
10

 (%T) 

 

SAMPLE A  100    

SAMPLE B  100    

SAMPLE C  100    

SAMPLE D  100    

 

ASSIGNMENT 

Prepare a lab report based on the experiment you performed. 

You may use the following points to write down the report. 

 

1. How does a spectrometer in your smart phone work. 

2. Explain why different concentrations of solution have different LUX values. 

3. Explain why you have chosen a particular colour filter. 

4. Explain how using this experiment you can find the concentration of unknown solution. 

 

 

 

 

 

 

 

 

 

 

 


