
 

 

Spectrophotometer 
 
Author(s):  Daniel R. Albert, Michael A. Todt and H. Floyd Davis.  Modified by William 
                   Joseph Ivan DeBenedetti  
 
Date Created: June, 2012. Modified May, 2017 
 
Subject: Chemistry 
 
Grade Level: 9-12 
 
Standards:  Next Generation Science Standards (www.nextgenscience.org) 
 
HS-PS4-4.     Evaluate the validity and reliability of claims in published materials of the  
                      effects that different frequencies of electromagnetic radiation have when 
                      absorbed by matter. 
 
 
 
Schedule: 3-60 minutes lessons 
 
CCMR Lending Library Connected Activities: 
Light Waves 
Diffraction 
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Objectives: 
 
Students will learn about absorption 
spectrophotometry by building a LEGO 
spectrophotometer. They will use it to 
analyze the amount of cranberry juice 
contained in a juice mix. 
 

Vocabulary: 
Absorption 
Relflection 
Refraction 
Diffraction 
Spectrophotometer 

Students Will: 
 
Learn more about how light behaves. 
 
Construct a spectrophotometer 
 
Be able to measure and calculate 
absorbance 
 
Graphing 
 
 
. 
 
 
 
 
 

Materials: 
 
For Each Group (3-4 students) 
___  Spectrophotometer  
              1-16x32 plate 
              11- 2x4 bricks 
              1- 1x4 brick 
              1 -1x4 brick w/LED& 55 ohm 
               resistor 
              1 Lens holder 
              1 Double convex lens 
              4 - 2x1 bricks w/cardboard (2) 
              2 - 2x1 bricks w/cardboard (2) 
              1 - 4x4 turntable 
              2 - 2x2 bricks 
              2 - 1x2 brick 
              1 - 1x1 brick w/photodiode 
              detector  
              1 Multimeter 
              1 Battery pack w/3 AA batteries 
             1 Paper protractor 
             1 Cuvette 
             1 Diffraction Slide 
 
For Teacher 
___  Teacher Notes 
 
Teacher Will Need to Provide 
___  Cranberry juice & Cranberry Apple 
         juice mix 
___   Scientific calculator (or computers 
         w/Excel) 
___  Tape 
 

 
Safety 

 
There are no safety concerns for this 
lab. 
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Science Content for the Teacher: 
 
Spectrophotometry is a method to measure how much a chemical substance 
absorbs light by measuring the intensity of light as a beam of light passes 
through sample solution. The basic principle is that each compound absorbs or 
transmits light over a certain range of wavelength. This measurement can also 
be used to measure the amount of a known chemical substance. 
Spectrophotometry is one of the most useful methods of quantitative analysis in 
various fields such as chemistry, physics, biochemistry, material and chemical 
engineering and clinical applications. 
 
Here's how a spectrophotometer works. A lamp provides the source of light. The 
beam of light strikes the diffraction grating, which works like a prism and 
separates the light into its component wavelengths. The grating is rotated so that 
only a specific wavelength of light reaches the exit slit. Then the light interacts 
with the sample. From this point, the detector measures the transmittance and 
absorbance of the sample. Transmittance refers to the amount of light that 
passes completely through the sample and strikes the detector. Absorbance is a 
measurement of light that is absorbed by the sample. The detector senses the 
light being transmitted through the sample and converts this information into a 
digital display. 
 
Video Explaining how a Spectrophotometer works: 
http://www.lsteam.org/projects/videos/how-does-spectrophotometer-work 
 
Cranberries contain phytochemicals such as anthocyanins, which give them their 
red color. In this lab, you will test cranberry juice at a 100% concentration to find 
out at what wavelength the juice absorbs the most light. You will then find the 
absorbance, at that wavelength, for different concentrations of cranberry juice. 
This data will then help you to find out how much cranberry juice is in a juice mix.  
 
Refer to teacher’s guide to see how to solve for Beer’s Law (absorbance) and 
for how to calculate the wavelength for a measured angle. 
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Classroom Procedure: 
 
Before the Class: 
Students should be familiar with behaviors of light (Absorption, Reflection, 
Refraction, Diffraction). 
Check to make sure Spectrophotometer bags have all required pieces 
Photocopy building instructions and activity sheet for students 
Prepare different concentrations of cranberry juice (12.5%, 25%, 50%, & 75%) 
 
Background (20-30 minutes) 
Review with class, some of the different ways light behaves (Absorption, 
Transmittance, Refraction, Diffraction). 
Review with class on how a spectrophotometer works (Note: the diffraction slide 
in the diagram goes before the lens. In this activity, it goes behind the lens. Either 
way, it does not change the pattern). 
 
Building the Spectrophotometer (30 minutes): 
Have students follow the directions to construct the LEGO spectrophotometer. 
 
Experiment(60 minutes): 
Have students follow lab procedure to find the concentration of cranberry juice in 
a cranberry/apple juice mix (you can also use other cranberry mixture as well). 
 
* Note: To get ideal results, you want to have the room as dark as possible. 
If you cannot do this, then keep the lighting in the room consistent 
throughout the experiment. 
 
** Appendix A includes a lab where the students collect data to graph the 
absorbance spectrum for cranberry juice. 
 
Works Cited/Resources: 
 
Libretexts. "Spectrophotometry." Chemistry LibreTexts. Libretexts, 21 July 2016. 
Web. 19 Apr. 2017. 
https://chem.libretexts.org/Core/Physical_and_Theoretical_Chemistry/Kinetics/R
eaction_Rates/Experimental_Determination_of_Kinetcs/Spectrophotometry 
 
Admin. "How Does a Spectrophotometer Work?" Learning Solutions. 13 Aug. 
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Assessment: 

The following rubric can be used to assess students during each part of the activity. The                
term “expectations” here refers to the content, process and attitudinal goals for this             
activity. Evidence for understanding may be in the form of oral as well as written               
communication, both with the teacher as well as observed communication with other            
students.  Specifics are listed in the table below. 
  
4= exceeds expectations 
3= meets expectations consistently 
4= meets expectations occasionally 
1= not meeting expectations 
  

  Engage Explore Explain 

4 Shows leadership in the 
discussion and activity, 
displays good 
understanding of physic 
terms. 

Completes work 
accurately while providing 
an explanation for what is 
observed.  Works very 
well with partners. 

Provides an in-depth explanation 
of findings. Makes excellent and 
thoughtful comparisons to 
everyday life. Completes activity 
sheet. 

3 Participates in the 
discussion and activity; 
shows an understanding 
of physic terms. 
 

Completes work 
accurately and works 
cooperatively with 
partners. 

Provides clear explanation of 
findings. Notes good correlations 
to everyday life. Completes 
activity sheet. 

2 Contributes to the 
discussion and activity, 
but shows little 
understanding of physic 
terms. 
 

Works cooperatively with 
partners, but makes some 
mistakes with the 
procedure. 

Provides a limited explanation of 
findings. Struggles to make 
comparisons to everyday life. 
Completes some of the activity 
sheet. 

1 Does not participate in 
discussion and/or 
activity.. Shows no 
understanding of physic 
terms. 
 

Has trouble working 
cooperatively. Does not 
complete work.. 

Provides little to no explanation of 
findings. Struggles to make 
comparisons to everyday life. 
Does not complete the activity 
sheet. 
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