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Experiment 37A    Spec20 FV 8/01/17 
 

EDIBLE COLORS: BEER’S LAW AND FOOD DYES1 
 
 
MATERIALS: test tubes 13x100, 16x125; volumetric flasks: 500 mL, 50 mL(2), 25 mL(2); pipets: 10 mL(2),  5 mL; 

beakers: 100 mL(2); plastic buret funnel; glass stirring rod; plastic droppers; Spectronic 20 and 
Spectronic 200 spectrometers;  centrifuge; FD&C Yellow Dye #5; POWERade®.   

 
PURPOSE:  The purpose of this experiment is to prepare a series of solutions of a pure compound, FD&C Yellow Dye 

#5, and to use those solutions to create a calibration curve.  With the calibration curve the students may 
analyze commercial beverage samples for dye content.  This lab is designed to introduce students to 
absorption spectroscopy and Beer’s Law, as well as the preparation of standard solutions and generation of 
a standard curve. 

 
LEARNING OBJECTIVES: By the end of this experiment, the student should be able to demonstrate these 

proficiencies: 
 
 1. Identify and use the following equipment:  Spectronic 200 spectrometer, centrifuge and volumetric  
  glassware. 
 2. Prepare solutions of known concentration by mass and by dilution methods. 
 3.     Understand the relationship between the colors or wavelengths of a solution and the colors or wavelengths 
  absorbed or transmitted by the solution. 
 4. Generate a calibration curve for absorption spectroscopy. 
 5.    Create graphs and use them to determine the concentration of an unknown solute. 
 
PRE-LAB:   Complete the Pre-lab questions on p. E37A-8 before lab. 
 
DISCUSSION:  Color is an important property of foods that adds to our enjoyment of eating. Nature teaches us early on 
to expect certain colors in certain foods, and our future acceptance of foods is highly dependent on meeting these 
expectations.  The novelty effect of adding green color to ketchup (or beer) is entertaining because we are so accustomed 
to the usual appearance of familiar foods.   The joke is lost on people who find the adulterated foods completely 
unpalatable.  The practice of adding coloring agents to foods has been around since antiquity.  Until the last century, the 
additives were virtually all taken from natural materials.  However, “natural” does not necessarily mean safe. For 
example, in the 1800s candy was almost always contaminated with one or more of the following:  HgS for bright reds, 
CuSO4 for strong blues, Cu(C2H3O2)2 for greens, and even Pb(C2H3O2)2 or PbCO3 for whites.2  All natural, but all toxic.  
The use of toxic metal salts as colorants was banned in the US in 1906, but seven 
synthetic color additives were permitted; these were the first “certified” food 
colors.  Now, the Food and Drug Administration (FDA), one of the country’s oldest 
consumer protection agencies, certifies only nine specific compounds for use in 
foods, drugs and cosmetics (FD&C) – one of them is “FD&C Yellow #5” the 
compound examined in this experiment.  Other colors are obtained by using 
combinations of the certified agents.3 
 
FD&C Yellow #5, or simply Yellow 5, is chemically known as tartrazine, 
Na3C16H9N4O9S2.  Tartrazine provides the lemon yellow color seen in many 
beverages such as POWERade®, Gatorade®, Kool-Aid®, and the like, and 
contributes to the color of numerous other foods and other consumer products.  The 
structure of tartrazine is shown in the figure.  Tartrazine is one of many synthetic 
“azo” dyes, named for the –N=N– group between the rings.   It is relatively stable 
so products with this agent do not readily lose their color, and it is very strongly 
colored, so only a small amount is required.  As suggested by data in the MSDS, it 
is quite safe at levels typically ingested.  
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In this lab we will determine the amount of tartrazine (Yellow 5) in samples of commercial drinks like POWERade®.  
Because the substance is strongly colored, and virtually no other colored species are present, quantification of Yellow 5 
can easily be accomplished through absorption spectrophotometry.  (If there were other colored species present the 
analysis could still be done this way, but it becomes a bit more complicated.)  As described in detail in Appendix I 
(http://www.usna.edu/ChemDept/_files/documents/manual/ApdxI.pdf), solutions of a given color will absorb the wavelengths 
of light complementary to the observed color.  Thus, we measure the absorbance of solutions of the yellow food dye 
tartrazine at 425 nm (blue-violet), not in the yellow region (near 590 nm).  In order to quantitatively determine the 
unknown amount of tartrazine in a sample of POWERade®, we need to know the mathematical relationship between the 
measured absorbance at 425 nm and the actual amount of dye.  We do that by first creating set of standards, a series of 
solutions of known concentration of tartrazine; this allows us to determine the relation between absorbance and 
concentration for this specific compound, at one specific wavelength.  The general relation between absorbance and 
concentration is known as the Beer-Lambert law.   
 
     A = ε c l 
 
where A is the absorbance, c is the concentration (usually in moles/liter), and l is the pathlength, the length of solution 
through which the light passes.  (For our cells, l = 1.00 cm.)  By using our standards to create a calibration curve, a plot 
of measured absorbance vs. known concentration, we can determine the proportionality constant ε (known as the molar 
absorptivity).  Once we know that, we can use the absorbance determined for our POWERade® sample and work 
backwards to determine the actual amount of Yellow 5 in the beverage.  Calibration curves and absorption 
spectrophotometry are very common tools of analytical chemistry; you will utilize such analyses several times this year.  
For more details, see Appendix I.   
   
One final point about the analysis of real-life samples – they can be complicated.  Commercial beverages have many 
constituents, some of which might be insoluble.  They may be there for nutritional reasons, or simply cosmetic ones.  
(Among other things, they might provide the cloudy or frosty appearance desired by the manufacturers.)    Light 
scattering from small particulates in the sample can interfere with the analysis by making it appear that less light gets 
through the sample to the detector.  In many cases, this particular problem can be solved by centrifugation.  The rapid 
spinning of the sample pushes heavier particles to the bottom of the tube, leaving the top much clearer and more suitable 
to spectrophotometric analysis.  The small bubbles evolving from highly carbonated beverages can have the same effect, 
but that is not really amenable through centrifugation.  Degassing the solution by heating or other means may eliminate 
that problem.      
     
 
REFERENCES 
1 adapted from Sigmann, S.B. and Wheeler, D.E., J. Chem. Educ. 2004, 81, 1475-1578. 
2Rohrig, B., “Eating with your eyes: the Chemistry of food colorings”; American Chemical Society, ChemMatters online; 
https://www.acs.org/content/acs/en/education/resources/highschool/chemmatters/past-issues/2015-2016/october-
2015/food-colorings; , accessed 27 June 2016. 
3Food and Drug Administration, http://www.answers.com/topic/food-and-drug-administration, accessed 28 June 2016. 
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PROCEDURE: 
 
The instructor will demonstrate the use of the spectrophotometer, centrifuge, and volumetric glassware.  Take notes for 
future use. 
 
Samples of POWERade® will be provided.  If you wish to analyze a drink of your own choice you may do so, provided 
that: 
 a)  the material contains ONLY FD&C Yellow #5 as coloring agent – check the label carefully; ask your 

 Instructor for guidance if you are unsure.  Some drinks which may qualify are Gatorade® (Lemon-lime), 
 Mountain Dew®, and Kool-Aid®; these are available in the Mid Store or local grocery stores.  Although these 
 directions are optimized for POWERade®, the same scheme can be followed for most beverages.  

  
 b)  the bulk of the material stays outside in the corridor.  Food materials brought into the lab become chemical 

 samples and may no longer be consumed. 
   
Part A: Preparing the sample and stock solutions. 
 
1.  Obtain a large test tube and fill it about 80% full with the beverage sample.  Wipe off the outside and place the test 

tube in a laboratory centrifuge, noting the position number marked on the rotor.  Obtain another sample from 
classmates, or a test tube filled with water to the same level, and place it in the centrifuge chamber opposite the 
original test tube.  Make sure there is a balancing tube for every tube in the centrifuge, as explained by your 
Instructor.   Close and latch the lid.  Turn the timer knob left to the “hold” position.   You will run the centrifuge for 
about 30 minutes, or until all your standards are prepared and you are ready for the sample.  Record the identity of the 
sample, and the manufacturer’s suggested serving size (which must be listed on the label). 

 
2.  Use the analytical balance to accurately weigh (4 decimal places!) a clean, dry 100 mL beaker.  To this, add about 

0.01 g of pure FD&C Yellow #5.  (This is a tiny amount of material, about ½ the size of a small rice grain.  Your 
Instructor will show you a sample for guidance.)  Record the mass of the beaker plus solid dye sample.  NOTE- the 
three doors of the balance must be closed to obtain an accurate reading!   Remove the beaker and add about 50 mL 
of distilled water, and use a clean glass stirring rod to stir until completely dissolved.   Quantitatively transfer this 
sample through a clean small funnel to a clean 500 mL volumetric flask.  (It is OK if the flask has water in it, as long 
as it is clean.)   Rinse the beaker and stirring rod with distilled water several times, adding the rinsings through the 
funnel into the volumetric flask.  (The idea of “quantitative transfer” is to move into the flask every molecule of 
Yellow 5 that you weighed out.  The multiple rinsings help ensure that the transfer is complete.)  After several 
rinsings of the beaker, remove the funnel and fill the flask to the mark with distilled water.  (Add the last drops of 
water with a disposable pipet.)   As demonstrated by your instructor, invert and/or swirl to mix well.  This is solution 
#1, the “stock” solution from which you will make your other standards.  You should already know an approximate 
value of the concentration of this stock solution, based on your Pre-Lab calculation.   Now determine the ACTUAL 
concentration based on your mass data and the volume of the solution (Question 1 on p. E37A-5). 

 
    approximate tartrazine concentration (from Pre-Lab)  ___________________  mol/L 
 
Part B: Preparing the standard solutions by dilution of the stock solution 
EACH midshipman should make up at least two of the standard solutions in Part B. 
 
1.  Clean your two 25 mL and two 50 mL volumetric flasks, including stoppers.  Finish cleaning with a final rinse of 

distilled water.  It is NOT necessary to dry the insides of these flasks; DO NOT stand them on end in an attempt to do 
so!  Use a marker to label the 25 mL flasks #2 and #3, and label the two 50 mL flasks #4, and #5, respectively.   

 
2.  Pour about 5 mL of your stock solution into a clean 100 mL beaker, rinse the beaker and discard the rinse.  Pour about 

75 mL of your stock solution into the rinsed beaker.  Rinse the 10 mL and 5 mL pipets with the stock solution and 
discard the rinses.  (To rinse a pipet, draw some of the solution into the pipet, manipulate the pipet so that the solution 
contacts all interior surfaces, and then discard the rinse.)  Pour more stock solution into the beaker as necessary. 

 
3.  Using your rinsed pipets and your clean volumetric flasks, prepare your remaining standard solutions by dilution of 

the stock solution (solution #1) according to the following table: 
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e.g., for Solution #5, use your rinsed 5 mL pipet to transfer 5.00 mL of the stock solution into the 50 mL volumetric 
flask labeled #5.  Fill the flask to the mark with distilled water.  Invert and swirl to mix thoroughly.  Perform the other 
dilutions in a similar manner.  (For solution #2 only, use the 10 mL pipet twice to total 20.00 mL delivered.)   

 
Part C: Preparing and using the spectrometer. 
 
1.  Turn on the Spectronic 20 instrument by rotating the Power Switch/Zero Control (left front knob) slightly 

clockwise, and set the Filter Lever (front face) to the left. Adjust the Wavelength Control knob (top panel knob) 
until the display reads 425 nm.  Press the Mode button until the Transmittance indicator is lit.  Make sure the sample 
compartment is empty and the compartment lid closed.   Rotate the Power Switch/Zero Control (left front knob) 
until the display reads 0.0 %T.   Now take a “blank” measurement as follows.  Pour a small amount of deionized 
water into an empty cuvette.  Rinse and discard the rinse. Pour more water into the cuvette until it is ~ 2/3 full.  Wipe 
off the outside of the cuvette with a tissue, carefully place it in the sample chamber and close the lid.  Now adjust the 
Transmittance/Absorbance control (right front knob) until the display reads 100.0 %T.  The setting is very touchy 
so make only small adjustments when you are close to the value.  Once it is stable at 100.0 %T, press the Mode 
button until the Absorbance indicator is lit.  The display should read 0.000 absorbance.  (Think about it – 100% 
transmittance means zero light absorbed.)   The instrument is now calibrated and you should not change any of the 
knobs after this point, or you will have to repeat the procedure. The “blank” includes all components of the 
measurement – the cuvette and solvent – except the “analyte”, the dye you want to measure.  In this way, zero 
concentration of dye is set to zero absorbance.   

 
2.  Now measure and record the absorbance of your standard solutions as follows.  Pour a small amount of Solution #5 

into the empty cuvette.  Rinse and discard the rinse.  Pour more of Solution #5 into the cuvette until it is ~ 2/3 full.  
Wipe off the outside of the cuvette with a tissue, and carefully place it in the sample chamber.  Try to always align the 
cuvette in the same direction for each measurement.   Record the absorbance of the sample at 425 nm.  Remove the 
cuvette, empty the contents, and repeat the process with Solution #4, then #3, then #2, and finally the stock Solution 
#1.  Make sure to always rinse first with the solution you are about to put into the cuvette.   

 
3.  When all of your standard solutions have been measured, go back to your beverage sample (remember that?) in the 

centrifuge.  Turn off the centrifuge (return the timer knob to the vertical position) and WAIT until the rotor stops 
turning.  Remove the sample tube, trying not to agitate it, and look carefully at the contents.  At the bottom of the 
tube, and along one side, you will probably see a small amount of white solid.   You want to avoid disturbing that 
material.  Use a plastic dropper to remove a small sample of clear liquid above the solid.  Use this to rinse your 
cuvette.  Remove another small sample, put it in the cuvette to about 2/3 full, and measure and record the absorbance 
of the beverage at 425 nm.  (NOTE:  If you chose to use your own sample, the absorbance of the beverage might not 
fall within the range of the standards.  Consult your Instructor if this is the case.) 

 
4.  (Optional) If you have time after the analytical measurements above, use the Spectronic 200 spectrometer to scan the 

Absorbance spectrum of your beverage sample between 400 nm and 700 nm.  Repeat with one of your standard 
samples.  Are there spectral features in the beverage sample not included in the standard solution? 

 
Clean-up: 
 
1.  All solutions can be safely poured down the drain.  Empty your volumetric flasks and rinse them with distilled water.  

Lie them on their sides to drain; DO NOT leave them in an inverted position!  It is not necessary that they be dry.   
 
2.  Rinse your pipets by drawing water into them and then expelling it.  It will NOT work to simply hold them under the 

faucet!  Place the rinsed pipets (with the fine tips up) in a test tube rack to help them drain.   
 
3.  Clean your remaining glassware and return it to your station.  If there is any yellow color left in the glassware, it is 

NOT CLEAN!  Pay special attention to any container that held the beverage; sugary residue becomes sticky, messy, 
and can be a health hazard. 

SOLUTION # PIPET SOURCE RECEIVER 
5 5 mL. stock soln. 50 mL volum. #5 
4 10 mL stock soln. 50 mL volum. #4 
3 10 mL stock soln. 25 mL volum. #3 
2 10 mL x2 stock soln. 25 mL volum. #2 

1 (Stock)    
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 Name ____________________________________    Section ______________________ 
 
    Date ________________________ 

DATA SECTION 
Experiment 37A 

 
Part A: Preparing the sample and stock solutions 
 
Sample beverage identity:  _________________________________________________________ 
 
Manufacturer’s recommended serving size (from label), with units  __________________ 
 
 
Mass of dry 100 ml beaker (analytical balance!)   _________________ g 
 
Mass of beaker plus solid Yellow 5 (analytical balance!) _________________ g 
 
Mass of Yellow 5 used to prepare Solution #1   _________________ g 
 
Volume of Solution #1 (stock solution) prepared   ______500.00______ mL 
 
Part C Absorbance measurements 
 
 
 
 
 
 
 
 
 
 
 
(Optional) Comments on scanned spectra of sample and standard. 
 
 
 
 
 
Data Analysis 

 
1.  Use the actual mass of Yellow 5, its molar mass (534.36 g/mol) and the volume of solution #1 (stock solution) 
prepared to calculate the molar concentration of Yellow 5 in the stock solution. 
 
 

   
 __________   M 

 
2.  Create an Excel spreadsheet with columns for your solution number and absorbance data, and initial and final volumes 
and concentrations for the dilution steps (as in the Table of Procedure step B3), to accommodate the five standard 
solutions.  Enter all of the absorbance data and the concentration of solution #1 just determined. Calculate molar 
concentrations of your other standard solutions (Solution #5 through Solution #2) obtained by dilution of your stock 
solution (Solution #1), according to the table in Procedure step B3.  Show a hand calculation for Solution #2 here. 
 
 

__________   M 
 
 

SOLUTION # ABSORBANCE 
#5  
#4  
#3  
#2  
#1  

Unknown (beverage)   
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3.  Make a plot of Absorbance vs. Concentration.  Determine the trendline; show trendline equation and R2 value on the 
plot. 
 
List the trendline equation ___________________________    and R2 value _____________ 
 
 
4.  Use the absorbance of your beverage sample and the trendline equation to determine the molar concentration of 
Yellow Dye #5 in your beverage sample.   Show your work: 
 
 
 
 
 
 
 
         ____________ M 
 
 
5.  For very dilute solutions it is common to use the concentration unit “parts per million (ppm)”. For dilute aqueous 
solutions, such as PowerAde, 1 ppm = 1 mg solute/L solution, so the unit is sometimes just expressed as “mg/L”.   Use 
the molarity of Yellow Dye #5 (tartrazine) calculated above, and the molar mass of the dye to determine the 
concentration in ppm (mg/L).  Show your work.  (Hint: use unit analysis.) 
 
 
 
 
    
 

____________ ppm 
 
 
6.  Knowing the concentration of Yellow 5 in the sample, use the manufacturers “serving size” (recorded from the bottle 
label) and the molar mass of tartrazine to calculate the mass of the dye consumed in one serving.  Pay attention to units!   
 
 
 
 
 
 
         _____________ g 
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Questions for Consideration  
 
1.  Beer’s Law is given as A = εcl.  The pathlength l of your cuvette is 1.00 cm.  What is the value of ε, the molar 
absorptivity of your dye at the wavelength of measurement?  (HINT: Use your Beer’s Law plot to determine this.) 
 
 
 
 
 
2.  You calculated the amount of tartrazine dye consumed in one serving.  Compare this to the toxicity data for tartrazine 
from the MSDS (https://www.spectrumchemical.com/MSDS/F3075.PDF).  The LD50, the lethal dose for 50% of test 
subjects, is 12750 mg/kg for rats.  (LD50 for humans is not available, and deliberate testing may be unethical.)  Assume a 
body mass of about 75 kg for the sake of comparison.) 
 
 
 
 
 
 
3.  The Discussion section pointed out that cloudiness from insoluble materials may create problems for the analysis, 
since they scatter light away from the path through the sample.  You removed most such particles by centrifugation.  If 
you had not done so, how would your analytical result be affected?  Would you determine a higher concentration of 
tartrazine in the beverage, a lower one, or would it not change?  Explain your answer. 
 
 
 
 
 
 
4.  There are only nine certified food colors; all other colors are obtained by combination. For example, the orange color 
of orange Kool-Aid® is obtained by mixing FD&C Yellow #5 and FD&C Red #40, in about a 3.6:1 proportion.   The 
absorption spectra of these dyes overlap somewhat, which complicates the analysis because absorbances are additive.  If 
the ε value for Red #40 at 425 nm is 0.289 as large as ε for Yellow #5 at that wavelength, what are the concentrations of 
the two dyes when the absorbance of the beverage at 425 nm is 0.75?      
 
 
 
 
 
 
 
 
 
 
 
5.  A simplified structural diagram of FD&C Red #40 is shown below.  In such diagrams, every unmarked vertex is a 
carbon atom attached to one or more hydrogen atoms (as many as necessary to ensure that the carbon has a total of 4 
bonds).  What is the chemical formula and molecular weight of Red #40?  List some structural similarities it shares with 
Yellow #5. 
 
 
      
 
 

N N

OCH3

CH3

SO3Na

NaO3S

OH

https://www.spectrumchemical.com/MSDS/F3075.PDF
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 Name ____________________________________    Section ______________________ 
 
    Date ________________________ 

PRE-LAB QUESTIONS 
Experiment 37A 

 
Complete these questions prior to attending lab.  They will be collected before you can start the experiment. 
 
1.  Read Appendix I in the lab manual (http://www.usna.edu/ChemDept/_files/documents/manual/ApdxI.pdf).  
 
 
2.  Solutions of tartrazine (Yellow 5) appear to be yellow.  What color is predominately absorbed?  (Circle) 
 
 
 red      orange yellow        green  violet  
 
 
3.  The absorption spectrum for tartrazine (yellow food dye) is shown below.  Sketch how you think the transmission 
spectrum will appear. 
 

 
 
 
 
 
 
 
 
 

 
 
 
4.  Your stock solution will be made by dissolving approx. 0.01 g of tartrazine in water and using a volumetric flask to 

bring the total volume up to 500.00 mL.  What will be the approximate molar concentration of tartrazine in the stock 
solution?   Show the calculation and result here, and copy the result to Part A of the Procedure section on p. E37A-3. 
  

 
 
 
 
5.  In a dilution step, 10.00 mL of a 1.55 x 10-3 M solution is placed in a 25 mL volumetric flask (25.00 mL), and the 

flask filled to the mark.  What is the new concentration of the solution? 
 
 
 
 
 
 
6.  A solution of a food dye has a molar absorptivity (ε) value of 57300 L/mol-cm and an absorbance of 0.385 in a 1.00 

cm pathlength cell.  Use the Beer-Lambert Law to determine the molar concentration of the dye. 

http://www.usna.edu/ChemDept/_files/documents/manual/ApdxI.pdf
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