AP Chem Lab 2
Absorption Spectroscopy

Determination of Cobalt Chloride Concentration 

Pre-Lab


Light is used to carry and transmit information throughout the universe.  We perceive light mostly in the visible spectrum, 400 – 700 nm.  Through the transmission, absorption and scattering of light, we can gain information beyond what our usual observations reveal.


You will verify the Beer-Lambert Law, one of the most fundamental and widely applied spectroscopic laws.  In the first part of the experiment, you will determine where in the visible spectrum of light a cobalt (II) chloride solution absorbs light the best. In the second part you will determine the relationship between absorbance and the concentration of a solution.


Spectroscopy is the study of the interaction of electromagnetic radiation with matter.  In spectroscopy, two terms are inescapable: transmittance and absorbance. Transmittance (T) is defined as the ratio of the intensity of light after it passes through the medium being studied (I) to the intensity of light before it encountered the medium(I0) as shown in the equation:






T = I/I0

Spectroscopists more commonly refer to percent transmittance(%T), which is simply I/I0 x 100%. Often the same spectroscopic information that is reported as percent transmittance is more conveniently expressed as absorbance (A):






A = -log(I/I0)

Note that 






A = 2 – log(%T)

If one knows the percent transmittance, one can calculate absorbance and vice versa. Some spectrophotometers have both a %T and an absorbance scale displayed on the meter.

Because the %T scale is linear, it can be read with good precision form 0% to 100%. The absorbance scale is logarithmic and above 0.7, it is too compact to read precisely so the absorbance must be calculated from %T above 0.7. Modern digital spectrophotometers may be programmed to display either %T or absorbance. 

An operation statement of the Beer-Lambert law can be represented as 






A = (cl 

where c is the concentration of some absorbing substance in solution, l is the optical path length, and ( (epsilon) is the molar absorbtivity.  The molar absorbtivity is a constant that depends on the nature of the absorbing system (the solute-solvent combination) and the wavelength of the light passing through it.  A plot that shows the dependence of A(() vs. wavelength is called a spectrum. In one part of this experiment you will determine the visible spectrum of aqueous cobalt chloride solutions and the best wavelength to use for your unknown analysis.


When absorbance measurements are made at a fixed wavelength in a cell of constant path length, ( and l are constant.  Therefore, the absorbance, A, should be directly proportional to c, the concentration of the solute. A solution that shows such a linear relationship between A and c is said to obey the Beer-Lambert law, which is the optimum situation for a spectrophotometric method of analysis.  In the second part of this experiment, you will attempt that aqueous cobalt chloride solutions obey the Beer-Lambert law.  The graph of absorbance vs. concentration will be linear from the origin at 45( if the solution follows Beer-Lambert.  If the data deviates from this line, the solution deviates from Beer-Lambert.

Procedure 

A. Operation of the spectrophotometer  Demonstrated by Pfaff

Turn on the Spectronic 20 spectrophotometer (Spec 20), and allow at least 5 minutes for warm up.  Explore the relation between wavelength and color of monochromatic light by placing a cuvet containing a ¾ inch piece of white chalk in the sample compartment, but do not close the door.  Slowly change the wavelength over the 400-700nm range while looking into the test tube. You may need to raise, lower, or turn the cuvet to obtain the best reflection from the chalk surface. Note the wavelengths at which you observe blue, yellow and green light.


B. Preparation of 0.200 M aqueous CoCl2(6H2O Simulated data given

Weigh 4.8 g of CoCl2(6H2O into a clean, dry beaker and then add about 50 ml of water.  Swirl the beaker until the CoCl2 has totally dissolved, then carefully pour the solution into a 100 ml volumetric flask. Rinse the beaker with several small portions of water, adding it carefully to the volumetric flask.  Finally dilute the solution in the flask to exactly 100 ml, and mix well.


C. Determination of the aqueous CoCl2 spectrum Simulated Data

Obtain two matched cuvets and fill one of them half full with distilled water to use as a reference blank.  Set the wavelength of the Spec 20 at 390 nm; then insert the blank into the cell compartment, taking care to align the reference marks.  Close the compartment door and set the instrument to exactly 100 %T, or zero absorbance.  Remove the reference cell and adjust the zero setting if necessary.  Check the zero and 100%T settings again by placing repeating the procedure until the settings are reproducible.  Next, rinse the sample cuvet(the empty one) with a small portion of the cobalt chloride solution and discard the rinse.  Fill the cuvet about 2/3 full with the cobalt chloride solution, insert the sample in the compartment, align the reference marks, close the door, and read the %T as accurately as possible.


Change the wavelength to 400 nm, and again use the blank to adjust the zero and %T settings. When the settings are reproducible, replace the blank with the sample and record the %T as accurately as possible.  Repeat this procedure in 10 nm intervals over the 390-600 nm range. 


For each wavelength, calculate the absorbance by substituting into A = 2-log(%T) and plot the absorbance vs. wavelength to determine the wavelength of maximum absorbance.  this is the wavelength you will use for the analysis of Beer’s Law

D. Beer’s Law Simulated Data

Place four clean, dry cuvettes in a test tube rack.  Use a buret or pipet to dispense 6 ml,  

4 ml, 2 ml, and 1 ml of the cobalt chloride solution into each cuvette respectively, and add distilled water to make the total volume in each cuvette 8 ml.  Swirl each tube to mix the solution.  Calculate the concentration in each of the test tubes, and record in the data table.  
For each solution, use the simulated percent transmittance and calculate the absorbance by using the same equation as before. Plot the absorbance vs. concentration for the 5 solutions (include the original roughly 0.200 M solution). Draw the best fit line through the data points, including the origin.  


Questions:

1. If the solution obeys Beer’s Law, why is it better to plot the absorbance vs. concentration data for several solutions, rather than using only a single solution and the origin to determine the straight line?

2. What does it mean if the experimental points obviously curve away from the expected line? 

3. Calculate the molar absorbtivity, (, for the Cobalt chloride using a path length of 1.00 cm for square cuvettes. 

E. Determination of an unknown

Using simulated data for an unknown cobalt chloride solution. Determine the absorbance and concentration of the unknown.

Sample tables for spectroscopy lab

A. Preparation of 0.200 M  Cobalt Choride

Mass of beaker plus CoCl2( 6H2O
24.818
Mass of beaker



20.000
Mass of CoCl2( 6H2O


_________

B. Determination of the aqueous CoCl2 spectrum

Wavelength
390
400
410
420
430
440
450

% Transmittance
87.1
84.3
79.3
72.8
60.5
46.2
32.9

Absorbance
___
___
___
___
___
___
___

Wavelength
460
470
480
490
500
510
520

% Transmittance
25.3
20.3
17.2
14.0
11.5
10.5
12.3
Absorbance
___
___
___
___
___
___
___

Wavelength
530
540
550
560
570
580
590
600

% Transmittance
17.1
27.1
40.4
57.7
69.9
78.6
83.4
85.2
Absorbance
___
___
___
___
___
___
___
___

What is the wavelength of maximum absorbance____?

C. Beer’s Law

Wavelength used
_____

Calculate the concentrations of each solution and show the calculation in your lab book

Concentration (M) ____
____
____
____
____


% Transmittance
10.5
18.4
33.8
60.7
80.5
Absorbance
____
____
____
____
____

D. Determination of an Unknown

Unknown label ___________

Wavelength used
_________

Absorbance 
_________

% Transmittance
_________

Concentration
_________

