
Lego Spectrometer

You will build a UV/Vis spectrometer out of Lego pieces and measure the absorption spectrum of 

MnO4
–. The main components of the spectrometer are: (i) a light source (white-light LED); (ii) a 

sample; (iii) a slit (two razor blades); (iv) a lens; and (v) a dispersing optic (transmission grating). 

Part 1: Building the Spectrometer

Use the Lego board and blocks provided to build the spectrometer. The Lego board fits into the 3D 

printed support and has a space for the camera (add later) and a viewing card. Things to watch out 

for while putting spectrometer together:

(1) Ensure that the light source is at the

height of the lens and slit. 

(2) Leave a space for a sample.

(3) Ensure the slit is the right way up.

(4) Place the lens so that you can change

the focal length.

(5) Ensure the grating is the right way up.

(6) Place the grating at the end of the Lego

board (so the image ends up in the

right place for the camera).

Optimise the lens position and slit position by placing a card at the end of the spectrometer. You 

should be able to see a vertical line. If it is not perfectly vertical, move the slit left/right. If the line is 

not focussed, move the lens backwards/forwards. Now flip the card so that you can see the 

dispersed light and move the lens slightly to refocus the colours (note that there is a dark band 

between blue and green – this is normal and is the usual spectrum of a white-light LED).

Install the CCD camera (Logitec C270 webcam) in the space provided. Plug the USB into a PC and 

download the Logitec control software (https://download.cnet.com/Logitech-Webcam-Software-for-

Windows-10/3000-2348_4-77592932.html). 

Part 2: Data Acquisition and Analysis Methods

On the Camera software, open the “Quick Capture”

tab. Move the camera so that you can see the

spectrum. You may need to place a box over the

camera and screen to keep out stray/ambient light!

You can play around with the settings by going to

“Advanced Settings”, but you generally will not need to

change this. Hit the camera picture to take an image.

Pictures are saved as a .jpg file.

To analyse the data, a Python script has been written.

The script takes the image and sums the columns to

leave a series of numbers (intensity as a function of

pixel), I(pix)). The output can now be used in Excel or

any other software you like to use for analysis.

https://download.cnet.com/Logitech-Webcam-Software-for-Windows-10/3000-2348_4-77592932.html
https://download.cnet.com/Logitech-Webcam-Software-for-Windows-10/3000-2348_4-77592932.html


To run the Python script,

(1) Go to  https://mybinder.org/ on a browser (Chrome or Firefox, not explorer)

(2) In the tab marked “GitHub repository name or URL”, paste: 

https://github.com/cjcjordan713/lego-spectrometer

(3) Press “launch”. This may take a few minutes.

(4) A Jupyter folder should open with two files: “readme” and “Image-to-numbers.ipynb”. 

(5) Upload your jpg image to this is the folder (use the tab in the upper right or drag). 

(6) Click the IPython notebook file, “Image-to-numbers.ipynb”, which should open a new tab.

(7) There are instruction in the notebook:
a. Run cell 1, which may take a few minute. 
b. Enter image name in cell 2 (without the file extension) and run.
c. Run cell 3. The output, I(pix), will be saved in the Jupyter folder with your images.

(8) When running new images, you only need to run cell 2 & 3; you only need to run cell 1 once.

Open I(pix) in Excel to view the spectrum (as a function of pixels).

Part 3: Measuring the UV-Vis Absorption Spectrum of Potassium Permanganate

You will need to take a number of spectra. Do this quickly so things don’t misalign/change, so 

prepare your samples before you run samples. Take the following measurements:

(1) Spectrum with no sample IWL(pix)

(2) Spectrum with filter as a sample, IF(pix)

(3) Spectrum with water as a sample I0(pix)

(4) Spectrum with MnO4
– solution as a sample, IS(pix)

Use the Python script to make a spreadsheet with columns: pix, IWL(pix), IF(pix), I0(pix), and IS(pix).

To calibrate the spectrum, compare IF(pix) with the absorption spectrum of the filter and turn pix 

into λ (https://community.dur.ac.uk/j.r.r.verlet/LegoSpectrometer/). To do this:

(1) Turn IF(pix) into an absorbance: AF = –log10 {IF(pix) / IWL(pix)}.

(2) Make a table of pix vs λ by noting rough peak positions in both spectra.

(3) Plot λ vs pix and fit a (non-linear) line to find λ(pix) and then convert all pix to λ.

Finally, to obtain the absorption spectrum of

the MnO4
– solution, calculate 

A(λ) = –log10 {IS(λ) / I0(λ)}. 

The “correct” absorption spectrum taken on a

fancy spectrometer is shown. 

The molar extinction coefficient at the peak is

2.4 x 103 M–1 cm–1… what was the

concentration of the solution? 
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