CHEM 220L: Fundamentals of Analytical Chem

Mullaugh


Beer’s Law
Following this activity, students will be able to:

· Describe the relationship between absorbance and transmittance.
· Develop a proportional relationship between absorbance and concentration.
· Account for the role of sample pathlength in absorbance measurements.

· Determine the molar absorptivity of a compound based on its absorbance behavior according to Beer’s Law.

· Construct a spectrum from absorbance measurements at various concentrations.

Introduction to Beer’s Law

Beer’s Law describes the linear relationship between the absorbance of electromagnetic radiation (i.e., light) and concentration. This relationship is used extensively in a variety chemical analyses, from simple test kits that produce a color in the presence of certain analytes to high-end liquid chromatography instrumentation. Most absorbance measurements require the same basic set up:  a light source, a means to select a narrow range of wavelengths of light, a sample cell and a detector that can measure the power of radiation passing through samples and reference solutions. A spectrometer’s detector measure transmittance (T) of light through a sample (Psam) relative to the power of light that passes through a reference (Pref).
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Transmittance is often expressed as a percent (T x 100%), but most often we use absorbance (A).
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Absorbance is often preferred because it is directly proportional to concentration, as described by Beer’s Law.
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Where A is absorbance, [image: image5.emf]








 is molar absorptivity, b is the path length of the cell and C is the concentration of the solution.  Molar absorptivity is characteristic of the analyte molecules and depends on the wavelength of light. We will also observe ways absorbance can change due to changes in the chemical environment of the analyte, such as solvent, concentration and pH.
Part I: Beer’s Law Basics

Follow this link to access the Beer’s Law simulator: https://goo.gl/3etxTt Click on the button for the Beer’s Law simulation. Take a moment to familiarize yourself with the layout.
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1. Turn on the light source to analyze the 100 mM drink mix solution.

a. What is the transmittance and absorbance? Confirm that they agree by substituting into the equation relating them.
b. Decrease the concentration of the drink solution to 50 mM. How do transmittance and absorbance each change when concentration is halved?
c. Increase the drink concentration as high as it will go to 400 mM. It is considered poor analytical practice to use absorbance values that exceed 2. Why?

d. If you were in the lab and measured an absorbance greater that 2.00, what should you do?

2. Note the source has a specific wavelength. What part of the spectrometer ensures only a narrow range of wavelengths passes through the sample? Why is this important for Beer’s Law? 
3. Select a solute and concentration. Using its preset wavelength, measure the absorbance with different pathlengths. Move the ruler to measure the path the light takes through the sample.
	Solute: ___________________________
	Concentration: ________ 

	Pathlength (cm)
	0.5
	1.0
	1.5
	2.0

	Absorbance
	
	
	
	


a. What term in Beer’s Law corresponds to pathlength? Where your observations above consistent with Beer’s Law?
b. When would using a long pathlength be desirable?

4. Select a different solute, concentration and pathlength. Record the absorbance and transmittance at [image: image8.emf]








. Switch to variable wavelength mode and measure the absorbance every 50 nm. Use this information to sketch the spectrum on the next page. Compare the spectra in absorbance and transmittance.
Solute: _______________
Concentration: ________
Pathlength: ____ cm

	Wavelength (nm)
	Absorbance
	Transmittance
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