Spec-20 Lab:  Light Absorbance of Food Coloring
Background:  In order for a compound to have a color, it must absorb some portions of visible light.  Visible light is one form of electromagnetic radiation with wavelengths ranging from approximately 350 nm to 800 nm.  White light contains all wavelengths in this visible region.  A compound will absorb visible radiation when it possesses the energy needed to move an electron from its lowest ‘ground’ state to some higher excited state.  When a sample absorbs visible light, the color we perceive is the sum of the remaining colors that are reflected or transmitted by an object and strike our eyes.  An opaque object reflects light, whereas a clear one transmits light.  If an object absorbs all wavelengths of visible light, then no wavelengths reach our eyes, and the color appears to be black.  The colors of large organic dye molecules, such as those in food coloring, are based upon their molecular structures.  They will absorb very specific wavelengths of visible light.  Your goal is to prepare a spectrograph of the absorbance of a food dye versus the wavelength of light passing through it.  This will create a “fingerprint” of the dye that can be used to identify its presence in an unknown sample.  (Note:  It may be easier to read the % Transmittance scale to three significant figures and then convert to Absorbance using the equation:  A = - log(%T / 100).

Materials:  Spectrophotometer-20, 4 colors of food coloring solutions (5 drops of dye per 200 mL of distilled water), four 250 mL beakers, cuvettes (or small 13 x 100 mm test tubes), pipettes

Procedure:  Part 1
1. 
Turn on the Spectrophotometer-20 and allow it to warm up for at least 10 minutes. 
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2. 
Obtain a 7 mL sample of one of the food coloring dyes, as assigned by your teacher.  Place your dye in a cuvette (or small 13 x 100 mm test tube).
3. 
Switch the Spec-20 to read “% Transmittance”.  Set the wavelength to 375 nm and the transmittance to 0% with no cuvette in the instrument.

4. 
Fill a second cuvette with distilled water to serve as a “blank”.  Place the “blank” in the Spec-20 and set transmittance to 100%.  The spectrophotometer should be re-calibrated in this fashion after each wavelength is tested.  Switch the Spec-20 to read “Absorbance” during the data collection time period.

5. 
Replace the “blank” with the cuvette containing your dye solution.  Read and record the Absorbance.  

6.
Change the wavelength to 400 nm, insert the “blank” in the sample chamber, and re-calibrate the Spec-20 for 0 to 100% transmittance at this new wavelength.  

7. 
Insert your dye sample in the Spec-20, and again, record the Absorbance.  

8. 
Repeat steps 3 - 7 for each of the following wavelengths:  425, 450, 475, 500, 525, 550, 575, 600, 625, 650, 675, 700, 725, 750, 775.  

9. 
Use Vernier’s Graphical Analysis Program to create a spectrograph of your dye, plotting the “Absorbance vs. wavelength”.  In order to sharpen the graph, you can take additional absorbance readings using smaller wavelength increments (~5 nm) over the range for which the absorbance changed dramatically.  Re-graph with this additional data.  Copy your data table and spectrograph for each person in class.

10.
Substitute artificially colored drinks, such as Kool-aid, for the stock solutions made with food coloring.  Compare the spectrographs of each and check the labels for the ingredients used in the products.  Are the dyes in the drinks the same as the dyes used in the food coloring?  Justify your answers!
Sample Data for Food Dyes  
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Data Set

Wavelength
nm
375
400
425
450
475
500
525
550
575
600
625
650
675
700
725
750
775

Green

0.355
0.487
0.504
0.402
0.185
0.034
0.037
0.064
0.187
0.358
0.793
0.444
0.048
0.012
0.009
0.000
0.000

Blue

0.094
0.199
0.102
0.013
0.018
0.034
0.074
0.180
0.502
0.910
1.370
1.082
0.136
0.019
0.009
0.007
0.009

Yellow

0.738
1.050
1.140
1.055
0.662
0.277
0.105
0.044
0.062
0.043
0.033
0.066
0.108
0.231
0.404
0.595
0.791

Red

0.189
0.273
0.399
0.571
0.923
1.203
1.058
0.762
0.153
0.022
0.009
0.006
0.007
0.004
0.006
0.005
0.005
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Data Table:  unknown sports drink
	Wavelength (nm)
	Absorbance
	Wavelength (nm)
	Absorbance
	Wavelength (nm)
	Absorbance

	375
	0062
	525
	0.353
	675
	0.003

	400
	0.094
	550
	0.240
	700
	0.002

	425
	0.135
	575
	0.051
	725
	0.003

	450
	0.178
	600
	0.007
	750
	0.002

	475
	0.309
	625
	0.004
	775
	0.002

	500
	0.402
	650
	0.003
	-----
	


Conclusions: Plot the data shown above from the unknown sports drink on the spectrograph and make a claim about the food dyes that could be present in the drink. Justify your answer. 
