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Advanced Chemistry – 2008
UV/Visible Spectroscopy

Experiment #1 – Determining the validity of Beer’s Law
Prepared by

Dr. Dharshi Bopegedera

Investigating the limitations of Beer’s law and determination of the concentration of unknown solutions 

Do this experiment in pairs. Select a UV/visible spectrometer to work with and ALL GROUPS MUST use the same instrument for the entire experiment. 
We will prepare a series of solutions of known concentrations and determine their absorbance using a diode array UV/visible spectrometer in order to detect the limitations of Beer’s law (sometimes also called Beer-Lambert’s law). We will then use this information to find the concentration of several unknown solutions. 

Theory:

Beer’s law states that

A =  ( c l  


Therefore if ( and l are kept constant, A is proportional to c.

Note: 

A = absorbance = log I0/I

I0 = intensity of incident radiation

I = intensity of transmitted radiation

( = molar absorptivity coefficient or molar extinction coefficient

c = concentration in mol/L or M

l = path length in cm




Our hypothesis in this experiment is that Beer’s law holds at concentrations below 0.01M. To ensure that concentration stays in this limited region, we must keep absorbencies (A) below 1.0. This means we hypothesize that absorbance is proportional to concentrations at values of A ( 1.0 if ( and path length (l) are held constant. We are setting up this experiment to test this hypothesis.

Part I: Preparing the bromcresol green “stock solution” (ONE PAIR OF STUDENTS CAN DO THIS FOR THE ENTIRE CLASS)
The buffer solution is 0.05 M sodium phosphate solution with a pH of 7.3 will be provided for you. Weigh out 10.0 mg of bromcresol green sodium salt crystals. Transfer volumetrically to a 50 mL volumetric flask and make up to the mark with the buffer solution. Label as “stock solution”.

Transfer 1.00 mL of the “stock solution” to a 10 mL volumetric flask and make up to the mark with the buffer solution. Label as “working solution”. 

Run a blank spectrum using the buffer solution. Record the UV/visible spectrum of the “working solution” using a diode array spectrometer.  Select the peak around 616 nm and record the exact wavelength. This wavelength (() will be used for the rest of the experiment so pay attention to accuracy and significant figures here. Determine the absorbance (A) at this wavelength (() paying careful attention to accuracy and significant figures. Use the absorbance (A) value and Beer’s law to determine the molar absorptivity coefficient at this wavelength ((). PAY ATTENTION TO UNITS AND SIGNIFICANT FIGURES!  This value will be used for all the calculations so you need to make sure that this part is done correctly.

Part II: SPLIT THIS WORK AMONG THE GROUPS AND SHARE THE DATA. Use volumetric glassware only to make up these solutions. Do not use beakers or graduated cylinders. 

For this part the blank spectrum should be run with the buffer solution. A “Part II solution” of bromcresol green will be provided for you.  Record the exact concentration of this “Part II solution” in your lab notebook. Use the “Part II solution” to prepare the following test solutions. 

	Volume of “Part II solution” (ml)
	Use a 5 mL volumetric flask and make up to the mark with the buffer so that the total volume is (mL) 
	Concentration 

(mol/L)
	Recorded absorbance at _____nm wavelength

	0.01
	5.00
	
	

	0.03
	5.00
	
	

	0.05
	5.00
	
	

	0.10
	5.00
	
	

	0.20
	5.00
	
	

	0.40
	5.00
	
	

	0.60
	5.00
	
	

	0.80
	5.00
	
	

	1.00
	5.00
	
	

	1.50
	5.00
	
	

	2.00
	5.00
	
	

	2.50
	5.00
	
	

	3.00
	5.00
	
	

	3.50
	5.00
	
	

	4.00
	5.00
	
	

	4.50
	5.00
	
	


Measure the absorbance of each of the above solutions at exactly the same wavelength (() you measured in Part I. Use the absorbance and concentration values for the above solutions to plot a graph of absorbance versus concentration. Use Microsoft Excel only for graphing.






Based on your graph comment on the validity of the hypothesis you are testing in this experiment.

Part III: - EACH PAIR MUST DO THEIR OWN WORK
Now that you have established the region in which Beer’s law is valid, you can use this information to determine the concentration of bromcresol green solutions of unknown concentrations. 

Obtain Solution A, Solution B, and Solution C from lab staff. These are bromcresol green solutions of unknown concentrations. Use the diode array spectrometer to determine the absorbance of these solutions at the same exact wavelength (() you measured in Part I.  Now use the graph you plotted in Part II to determine the concentrations of Solution A, Solution B, and Solution C.

Data analysis for the entire lab must be done on your own. 
Discuss where this procedure would be valuable to a chemist. 
Notes form 2003/04 AMR program:
(reference: The Merck Index, Tenth edition, Item number 1358)
Bromcresol green is C21H14Br4O5S  [We used the sodium salt of this. ]

Molecular weight of bromcresol green is 698.05 g/mol

Use as an indicator: pH 3.8 yellow, pH 5.4 blue-green

pK = 4.7

For “Part II solution” we used 4.71 X10-6 M bromcresol green sodium salt solution. 
Jenna’s data from 2003/04 AMR program.

	Volume of stock solution II / 5 mL


	Absorbance at 614 nm

	0.01
	0.0289

	0.1
	0.29681

	0.5
	1.4619

	1.0
	2.8387
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