AP Lab #5:  Concentration vs. Transmitted Light Through a Solution

Beer's Law states that the absorbance (A) of a species at a particular wavelength of electromagnetic radiation, λ, is proportional to the concentration, c, of the absorbing species and to the length of the path, b, of the electromagnetic radiation through the sample containing the absorbing species.  This can be written in the form: 

A = a x b x c 

The proportionality constant (a) is called the molar absorptivity.

It is common to use the energy carried by the radiation per unit area per unit time, which is called the intensity, I, to measure of the "amount" of electromagnetic radiation impinging on a surface.  For a partially transparent sample, we can consider the fraction of the intensity that is permitted to pass through the sample as a measure of the transmittance of the sample.  In fact, we define the percent transmittance, %T , of a sample in terms of the intensity of the light incident on the sample, I0 , and the light transmitted through the sample, It as:  
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                                           %T = 100 It / I0 
  

A completely transparent sample will have It = I0, and its percent transmittance will be, appropriately, 100.  Similarly, a sample which permits no radiation of a particular wavelength to pass through it will have It  = 0, and a corresponding percent transmittance of  0. 

Since the more interesting materials are those that absorb electromagnetic radiation at some frequencies, we define absorbance of light of wavelength λ by a sample in terms of the percent transmittance.  Since the amount of radiation absorbed can vary over an extremely wide range, it is useful to define absorbance logarithmically (much the same way as we define pH).  The absorbance of a sample is defined in terms of percent transmission as follows: 

                                                              A = -log (T)



Where T is transmittance.  So if the % Transmittance is 50%, T = 0.50.  The absorbance of a sample exhibiting a percent transmittance of 100 (a completely transparent sample) will be 0.  The logarithmic dependence of absorbance means that a sample that absorbs 10 % will have A = 1, 1% transmittance corresponds to A = 2, 0.1% transmittance to A = 3, etc. 

Spectroscopy is a technique that allows you to assay events in a reaction by measuring the amount of light that is absorbed or transmitted as it passes through a sample.  A spectrophotometer is a device that measures the amount of light (electromagnetic radiation) a solution (sample) absorbs. We will be using a simple spectrophotometer to measure the amount of light your samples absorb. A sample put into the path of an electromagnetic ray absorb a quantity of energy from that ray and transmits the remaining energy. The amount of transmitted energy is always less than the amount of incident energy.


A detector within the spectrophotometer measures the amount of light transmitted.  You will measure the Absorbance of light in several solutions, and from those measurements you will calculate molar absorptivity. 
In this experiment you will learn to make solutions and dilutions of a colored compound.  Then you will use a spectrophotometer to measure the Absorbances of each solution.  You will then plot a graph of Absorbance vs. concentration and from the slope of that graph you will determine the molar absorptivity (a).  Finally you will be given an unknown concentration of your colored compound and you will have to determine that compound’s concentration using Beer’s Law.
Science Practices: [2.E, 5.A, 5.D]

Objective

What is the relationship between the concentration of a solution and the amount of transmitted light through the solution?
Safety


Always wear safety goggles.  Wash hands before leaving the lab.
Materials


Cobalt (II) chloride hexahydrate

distilled water
 
balance



10-mL volumetric pipet

disposable pipets
Kimwipes,


four 100-mL volumetric flasks 

weighing boats 
spectrophotometer 25-mLvolumetric pipet 

cuvettes

labels


20-mL volumetric pipet

Pipette pump 

beakers
Procedure 




Part A – Solutions and Dilutions
1. Using a balance, weigh out enough CoCl2·6H2O (Cobalt (II) chloride hexahydrate) to make a 0.080M Stock Solution in a 100-mL volumetric flask.                    

2. Using your 0.080M Stock solution, make the following dilutions using volumetric pipets ONLY.  (Do NOT use graduated cylinders): 




0.020M in a 100-mL volumetric flask, 




0.016M in a 100-mL volumetric flask, 




0.0080 M in a 100-mL volumetric flask

Label the top of all four volumetric flasks with the concentration and your group name.




Part B – Using a Spectrophotemeter
3. Turn on the Spectrophotometer and let it warm up for 15 minutes.

4. Set the wavelength to 510 nm using the Wavelength Dial.
5. Set the Filter Position Lever to 340-599 nm.
6. Using the 0%T Dial, set the % Transmittance to read 0.0.
7. Fill a cuvette with distilled water.  Clean the outside of the cuvette with a Kimwipe to remove oil from fingerprints left on the cuvette.  Insert the cuvette correctly into the cuvette slot. (See Teacher for help).
8. Use the 100%T / 0A Dial to set the Transmittance to read 100.0.  Record this number.
9. Press the Mode Button on the Spectrophotometer to change it to read Absorbance. It should read .000.  Record this number.
10. Remove the cuvette with distilled water.

11. Insert another cuvette with your 0.080M cobalt chloride sample.  Make sure to clean the outside of the cuvette with a Kimwipe first. 
12. Record the transmittance of your 0.080M sample.
13. Press the Mode Button on the Spectrophotometer to change it to read Absorbance. 

14. Record the absorbance of the 0.080M  sample.  Then push the Mode button two more times to go back to Transmittance.

15. Insert another cuvette with your 0.020M cobalt chloride sample and record the transmittance.  Make sure to clean the outside of the cuvette with a Kimwipe first.

16. Press the Mode Button on the Spectrophotometer to change it to read Absorbance. 

17. Record the absorbance of the 0.020M  sample.  Then push the Mode button two more times to go back to Transmittance.
18. Insert another cuvette with your 0.016M cobalt chloride sample and record the transmittance.  Make sure to clean the outside of the cuvette with a Kimwipe first.

19. Press the Mode Button on the Spectrophotometer to change it to read Absorbance. 

20. Record the absorbance of the 0.0160M  sample.  Then push the Mode button two more times to go back to Transmittance.

21. Insert another cuvette with your 0.0080M cobalt chloride sample and record the transmittance.  Make sure to clean the outside of the cuvette with a Kimwipe first.

22. Press the Mode Button on the Spectrophotometer to change it to read Absorbance. 
23. Record the absorbance of the 0.0080M  sample.  Then push the Mode button two more times to go back to Transmittance.
24. Use Beer’s Law to calculate the molar absorptivity of your cobalt chloride samples.




Part C – Testing the Unknown
25. Using your molar absorptivity calculation, find the unknown concentration of a CoCl2·6H2O sample which will be provided by your teacher.  You will need to use the spectrophotometer to find the unknown’s absorbance.  Make sure to follow procedure steps 4 – 11 before inserting your unknown sample into the spectrophotometer.
Observations 


 Write down all relevant observations.

Data - 
Dilution Data
1.  Mass of CoCl2·6H2O used to make 0.080M solution in a 100-mL

______ grams
2.  Volume of 0.080M solution used to make a100 mL of a 0.020M solution
______ mL
3.  Volume of 0.080M solution used to make a100 mL of a 0.016M solution
______ mL

4.  Volume of 0.080M solution used to make a100 mL of a 0.0080M solution
______ mL
                    Spectrophotometry Data

Transmittance
Absorbance
5.  Distilled Water at 510 nm
__________

__________

6.  0.080M CoCl2·6H2O solution at 510 nm
__________

__________


7.  0.020M CoCl2·6H2O solution at 510 nm
__________

__________
8.  0.016M CoCl2·6H2O solution at 510 nm
__________

__________

9.  0.0080M CoCl2·6H2O solution at 510 nm
__________

__________


10. Unknown CoCl2·6H2O solution at 510 nm
__________

__________
Calculations 
1. Show your calculations for determining the grams needed to make 0.080M CoCl2.6H2O solution in a 100-mL volumetric flask.
2. Show your calculations for determining the volume of your 0.080M CoCl2.6H2O solution that was used to make the three dilutions.
3. Make a graph using Excel to plot Transmittance vs. Concentration of your CoCl2.6H2O solutions.  Make Concentration the x-axis.
4. Make another graph using Excel to plot Absorbance vs. Concentration of your CoCl2.6H2O solutions.  Make Concentration the x-axis.
5. Decide which graph gives a better straight line for the purposes of determining concentration.
Discussion 
· Answer the objective.  
· What is the mathematical relationship between absorbance and transmittance.  
· Discuss why either absorbance or transmittance is better for determining an unknown 


concentration.  
· Determine molar absorptivity from the slope of the correct graph. (Include units).  
· What was the concentration of your unknown sample an how did you determine this?   
· How was Beer's Law used in this lab?
Additional Discussion Questions

NOTE: when handing in the formal lab, you must write down the questions as well as the answers.  They must ALWAYS be in complete sentences.

1. Write out Beer’s Law and define each term.
2. Describe absorbance and how it relates to how light is transmitted through solutions of various concentrations..

3. Why was the wavelength on the spectrophotometer set to 510 nm?
4. Explain how Beer’s Law is used to determine the concentration of an unknown sample.
5. How would you make exactly 250 mL of a 0.080 M CuSO4·5H2O solution using solid CuSO4·5H2O?

6. Indicate how you would prepare 50.00 mL of 0.040M CuSO4·5H2O from thee 0.080 M solution in question #5.

7.  The following data were obtained for CuSO4·5H2O solutions at a wavelength 

of 650 nm.

Concentration (M) 
Absorbance

0.000 


0.000

0.0100 

0.110

0.0200 

0.200

0.0400 

0.450

0.0800 

0.920

a. Using Excel or Graphical Analysis, plot a graph of Absorbance (y-axis) vs. 

Concentration (x-axis)

b. Using the above data. Get the best straight line and the slope of this line. 
c. From the graph determine the molarity of a copper sulfate pentahydrate 
solution whose absorbance is 0.170 at 650 nm.
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