Vernier LabQuest Activity
Chemistry Forensics Experiment
Visible Spectra of Commercial Dyes: the Forensics Version

Visible Spectra of Commercial Dyes:
the Forensic Version
A star athlete at your school became ill during a critical tournament contest. It was reported that the athlete suffered from “flu-like” symptoms, and was treated and released after spending the night in a local hospital.
Laboratory test results from the hospital indicated that the athlete had ingested a sufficiently large amount of copper (II) sulfate to cause severe gastrointestinal distress. When interviewed by the local police, the athlete said that one of the bottles of sports drink in the locker room tasted “slightly off”, but thought nothing of it until being stricken with nausea and cramps. 
Investigators from your laboratory gathered all the different sports drinks in the locker room. It will be your job to use a spectrometer to test each sports drink and determine which one had been laced with copper (II) sulfate. The problem is complicated by the facts that copper (II) sulfate imparts a blue color to water when it is dissolved, and many of the sports drinks contain blue food dyes with colors that look very similar to copper (II) sulfate.
In this experiment, you will use a Vernier SpectroVis Plus spectrometer to identify the dyes in the sports drinks. To help your investigation, you will have samples of all of the FD&C food dyes approved for use in liquid food products, as well as a sample of copper (II) sulfate.
In Part I of this experiment, you will measure the absorbance spectrum of each of the FD&C food dyes and the CuSO4 solution so that you have a set of standards against which to compare the sports drinks. In Part II, you will measure the absorbance spectrum of each of the sports drinks found in the locker room. By comparing the standards with the drinks you should be able to identify the sports drink that had been “poisoned” with CuSO4.

OBJECTIVES
In this experiment, you will

· Measure and analyze the visible light absorbance spectra of samples of aqueous food dye mixtures and a CuSO4 solution to determine the absorbance spectrum for each sample.

· Use the absorbance spectra graphs of food dyes and CuSO4 solution to determine the composition of the coloring agents in samples of sports drinks.
· Determine which sports drink contains CuSO4 solution.
MATERIALS

	Vernier SpectroVis Plus
	FD&C food dye solutions

	Vernier LabQuest 2
	0.1 M CuSO4 solution

	one cuvette
	commercial sports drinks

	100 mL graduated cylinder
	unknown sports drink

	250 mL beakers
	distilled water

	plastic Beral pipets
	tissues (preferably lint-free)

	stirring rod
	


PROCEDURE

PART I  Measure the Absorbance Spectra of the Standard Solutions


1.
Obtain and wear goggles.


2.
Use a USB cable to connect a Vernier SpectroVis spectrometer to a LabQuest 2.


3.
Turn on the LabQuest 2. At the meter screen, tap File and choose New.

4.
Obtain a sample of the FD&C dye Red 40.

5.
Calibrate the spectrometer.
a. Prepare a blank by filling an empty cuvette ¾ full with distilled water. Place the blank cuvette in the Spectrometer.
b. Choose Calibrate: USB Spectrometer from the Sensors menu. The following message is displayed: “Waiting 90 seconds for lamp to warm up.” After 90 seconds, the message will change to “Warmup complete.”
c. Select Finish Calibration. When the message “Calibration completed” appears, select OK.

6.
Conduct a full spectrum analysis of a food coloring sample.
d. Empty the blank cuvette and rinse it twice with small amounts of a food coloring mixture. Fill the cuvette ¾ full with the food coloring mixture and place it in the spectrometer. Align the cuvette so that the clear sides are facing the light source of the spectrometer.
e. Start data collection. A full spectrum graph of the food coloring sample will be displayed. Stop data collection.
f. Write down the name of the food dye sample you tested.

7.
To save the data, tap the File Cabinet icon in the upper right of the graph screen, or choose Store Run form the Graph menu.

8.
Repeat Steps 6 and 7 with the remaining food coloring samples and the CuSO4 solution.

Note 1: To rename a run, tap the Table icon. In the table screen, tap the title of a run. Type in a new name (such as: Blue 1) to better identify your run of data.

Note 2: To manage the plots you will see on the graph, tap Graph and choose Graph Options. In the Graph Options screen, select the plot or plot you wish to see on the graph.

A LITTLE BIT ABOUT HOW SPECTROSCOPY WORKS

Your food dye sample will look similar to the graph below. In this example, the spectrometer projects light toward the cuvette of Red 40 solution and the molecules in the solution allow some of the wavelengths of light to pass through the sample and reach the spectrometer’s detector. The graph shows you that, in order for your eyes to see a red liquid, certain wavelengths (colors) of light are absorbed and others are not. Note the colors (wavelengths) where the peaks appear on the graph. As you test the other food dyes, you will see why these liquids display their particular colors. It will also be interesting to see the differences between two dyes of the same “color”.
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There is a great deal more to spectroscopy. Your instructor may guide you to read more about this method of analysis.
PART II Measure the Absorbance Spectra of the Sports Drink Samples

9.
Obtain samples of the sports drinks found in the locker room. Repeat Steps 6 and 7 with the sports drinks.

10.
To save your data in a file, choose Save from the File menu. Give your file a memorable name and tap Save.
DATA ANALYSIS


1.
Describe, in detail, the absorbance spectrum of each food dye sample and the CuSO4 solution. Emphasize the distinguishing features of each spectrum. Include the wavelengths and absorbance values of every peak in the graph of each food dye.

2.
Identify the food dye or dyes present in the sports drinks that you tested. Support your identification with specific information from your testing.

3.
Identify the specific bottle of sports drink that was “poisoned” with the CuSO4 solution.
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