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	Article Content
· Introduction: Describes the analysis for the food dye red no. 40 by a visual colour comparison.
· Required Equipment and Supplies: The only “chemicals” needed are Kool Aid and cough drops. You will not need distilled water.
· Instructions: The exercise can be completed in 30 to 40 minutes.
· Sample Calculations: Includes equations and worked examples.
· Additional Questions: Questions which may be used with students, depending on the grade level.
· Background: Theory and practical information about the exercise.
· Theory and Practice of the Method of Light Absorbance

· Allura Red (Red No. 40) and Cherry Kool Aid

· The Visual Colour Comparison Method

· Chemical Analysis in the Food Industry

· References: Links to web pages with support information.


Summary
This article presents a chemical analysis experiment - suitable for grades 7 and above - which is safe, simple, short, and inexpensive. Use it as a demonstration, a partially hands-on exercise, or as a fully independent activity for the students, depending on the grade level, the time available, and the desired outcomes.
Introduction
The quantity of a synthetic food dye in a cough drop may be determined using the human eye as an instrument - a procedure called visual colour comparison. The exercise is safe, simple, short, and inexpensive, requiring no chemical reagents or complex equipment. It is an example of chemical technology, the application of chemical knowledge for a practical purpose.
There are eight synthetic chemical food dyes allowed for use in Canada; the regulation of their use is contained in the Food and Drugs Act (1). One of the allowed food dyes is allura red (2, 3), also known as FD&C Red No. 40. Red no.40 is used in foods, medicines, and candies to achieve a cherry, raspberry, or strawberry-red colour. This dye is the major colour component in Cherry Kool Aid (4) and in Halls (5), Vicks (6), and Life Brand (Shoppers Drug Mart) cherry cough drops.

In this exercise the mass (mg units) of the dye Red No. 40 in a cherry cough drop of any or all of the three brands listed will be determined by a visual colour comparison to a set of solutions prepared from Cherry Kool Aid.
When made up according to the directions, Cherry Kool Aid contains 100 ppm of red no. 40. The regulatory limit for red no. 40 in Canada is 300 ppm. The unit ppm means parts per million. In a dilute solution in water 1 ppm means there is 1 mg of the substance dissolved per litre (1000 mL) of solution.
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There are no hazardous materials used in this exercise. However, the food dye red no. 40 will stain skin and clothing; take appropriate precautions.
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The grade 7 students of the National Ballet of Canada School in Toronto are doing a visual colour comparison. The author is making a guest presentation to Marty Oslinger’s Science class in the science dry lab classroom. Principal John Maitland is shown in the background.

Photograph: M. Oslinger, 2010 03 04
Required Equipment and Supplies
1. Two graduated measuring vessels of at least 250 mL capacity; plastic measuring cups or 400 mL beakers may be used.
2. A set of at least nine identical small, clear, colourless cups or vessels of about 250 mL to 350 mL capacity: small polymer drink cups (7 oz or 9 oz), small glasses, or 400 mL glass beakers may be used.
3. One or more small measuring vessels, suitable to measure volumes from 5 mL to 25 mL; kitchen measuring spoons or small graduated cylinders may be used. A buret could also be used.
4. White or light-coloured paper towels; a wash bottle or small squeeze-pipet or eye dropper for adding small volumes of water; stirring spoons or sticks (optional).

5. One package of Cherry Kool Aid (makes 2.0 L of drink, requires a 2.0 L vessel) or a box of Cherry Kool Aid Singles (each package makes 250 mL of drink) and a pair of scissors.
6. Halls, Vicks, and / or Life Brand Cherry Cough Drops.
Instructions
The exercise may be performed entirely as a demonstration, partly as a demonstration and partly in groups, or by groups working independently. The instructions are for groups working independently, but may be modified as desired. The exercise works using tap water.

In Advance If Possible
1. Clean the measuring vessels, the small cups, and the wash bottle, or squeeze-pipet, or eye dropper, and rinse them with tap water. Label eight small cups or vessels as follows: 100 ppm; 2 ppm; 4 ppm; 6 ppm; 8 ppm; Halls; Vicks; Life.

2. Place one Halls Cherry cough drop into the labeled cup or small vessel (see Required Equipment # 2 above) and add about 50 mL of tap water to the vessel. Repeat with two Vicks Cherry cough drops in a second vessel and with one Life Brand Cherry cough drop in a third vessel. Cough drops take about an hour to dissolve into still, cold tap water. If you cannot do this in advance, the drops will dissolve faster in hot water or with constant swirling, but this is tedious and may lead to spillage.
3. Make a 2.0 L solution of Cherry Kool Aid in tap water in advance. Use a vessel of known volume, or add the tap water from a graduated vessel. Cap the vessel and mix the solution until it is uniform. Alternatively, give each team a Cherry Kool Aid Single, which makes 250 mL of solution.
Preliminary Steps
4. If a 2.0 L solution of Cherry Kool Aid has been prepared, each student team receives a cup-full in the small cup labeled 100 ppm. Otherwise, each team gets a package of Cherry Kool Aid Singles, and adds the solid to a measuring vessel. Wash all the powder into the vessel, and dissolve the powder completely and uniformly in tap water to a total volume of 250 mL. Place this solution in the small cup labeled 100 ppm. The solution should be intensely pink / cherry red in colour.
5. Prepare an area of about six standard paper towels (3 × 2) in a well-lit area as a light-coloured background for observing solution colours. Fill the wash bottle with tap water, or put some tap water into a small vessel.
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Instructions Cont.)
Exercise 1 (See Figure 1)
6. [image: image4.png]Figure 2: Parallax Error

If the eye is not level
with the bottom of the meniscus
a reading error will occur



Measure 5 mL of the 100 ppm Cherry Kool Aid into a measuring vessel. If you are using a kitchen measuring spoon, wipe off the bottom of the spoon with paper towel before adding the Kool Aid to the vessel. Always transfer what is in the spoon, but not what is on the outside surface. If you are using a small graduated cylinder, be sure to avoid parallax error (Figure 2).
7. Add tap water to a total volume of 250 mL. Use the wash bottle, or a squeeze pipet, or an eye dropper, or water from a small vessel to make the final addition. Put your eye at the level of the graduation mark to avoid parallax error. If you overshoot the 250 mL mark, discard the solution and start again.
 SEQ CHAPTER \h \r 1
8. Add tap water to a total volume of 250 mL. Use the wash bottle, or a squeeze pipet, or an eye dropper, or water from a small vessel to make the final addition. Put your eye at the level of the graduation mark to avoid parallax error. If you overshoot the 250 mL mark, discard the solution and start again.
9. Stir or pour the solution back and forth between the measuring vessels or small vessels several times to make sure it is completely uniform.
10. Use a graduated vessel to measure 200 mL of the diluted Cherry Kool Aid solution. Place this solution into the small cup labeled 2 ppm (see below for the Sample Calculations). This solution should be very pale pink in colour.
11. Rinse the used vessels clean with several small amounts of tap water. Repeat instructions No. 6 to No. 10 three more times, using the volumes shown in the table below. Place 200 mL of each solution into the corresponding labeled small cup. Each of the four solutions prepared should be distinctly different in apparent depth of colour, from very pale pink to moderately dark pink. These are the four comparison standard solutions of red no. 40 food dye.
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Instructions Cont.)
Exercise 1 (Cont.)
12.  SEQ CHAPTER \h \r 1Rinse the used vessels clean with several small amounts of tap water. Add the dissolved Halls Cherry cough drop solution to a graduated measuring vessel. Add tap water to the 200 mL mark. Pour the solution back and forth between the measuring vessel and a small cup several times to make sure it is completely uniform. Place this solution into the small cup labeled Halls.
13.  SEQ CHAPTER \h \r 1Rinse the used vessels clean with several small amounts of tap water. Add the two dissolved Vicks Cherry cough drops solution to a graduated measuring vessel. Add tap water to the 200 mL mark. Pour the solution back and forth between the measuring vessel and a small cup several times to make sure it is completely uniform. Place this solution into the small cup labeled Vicks.
14.  SEQ CHAPTER \h \r 1Rinse the used vessels clean with several small amounts of tap water. Add the dissolved Life Brand Cherry cough drop solution to a graduated measuring vessel. Add tap water to the 200 mL mark. Pour the solution back and forth between the measuring vessel and a small cup several times to make sure it is completely uniform. Place this solution into the small cup labeled Life.
15. Compare each of the Halls, the Vicks, and the Life Brand cough drop solutions to the set of four diluted Kool Aid solutions. Estimate the approximate solution strength of red no. 40 in each in ppm units. Estimate the value of the ppm to the nearest integer between 2 ppm and 8 ppm. Record the estimated ppm value for each solution.
Exercise 2 (If Time Permits)
Use trial and error to prepare two comparison solutions of diluted Kool Aid solution, each of which more exactly matches the colour of each cough drop solution. Record the volumes of 100 ppm Kool Aid used, and the total volumes used. Calculate the ppm values of the solutions prepared.
Sample Calculations

Calculation 1
Calculate the ppm of the first diluted Kool Aid solution. Dilution of solutions is an important technique in chemistry and biology. The ppm value of the diluted solution may be calculated using Equation 1 as shown in Figure 3. The 100 ppm solution of Kool Aid was diluted from 5 mL to 250 mL volume. The dilution factor for this example is 5 to 250 = 1 to 50, or fifty-fold. Answer: the diluted solution is 2 ppm.
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Sample Calculations (Cont.)
Calculation 2
Calculate the amount of red no. 40 present in the cough drop solution in mg units. A cough drop solution of total volume 200 mL was estimated to be 5 ppm. The amount present may be calculated using Equation 2 as shown in Figure 4.
Answer: the amount of red no. 40 present is about 1.0 mg.
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Additional Questions
1. Two Vicks cherry cough drops were dissolved in water and the solution was diluted to a total volume of 200 mL. Following the procedure of Exercise 2, a matching solution of cherry Kool Aid was prepared by mixing 10 mL of 100 ppm Kool Aid with water, to a total volume of 225 mL. Calculate the amount of red no. 40 dye in each Vicks cough drop, in mg units. (0.44 mg)
2. Calculate the mass in mg units of red no. 40 dye in (a) a package of Cherry Kool Aid Singles which makes 250 mL of 100 ppm solution. (25 mg) (b) a package of Cherry Kool Aid which makes 2.0 L of 100 ppm solution. (200 mg)

3. Web Research Topics: (a) Eight (8) synthetic food dyes are allowed for use in Canada. Seven (7) of these dyes are allowed for use in the United States. Which is the dye allowed in Canada, but not in the United States? Why has it been banned in the United States, but not in Canada? (b) Is Allura Red allowed for use in the European Union?

4. Prove that Equation 1 in Figure 3 is correct. You can do this by using Equation 2, recognizing that the total amount of substance dissolved in the solution is the same after dilution as it was before dilution.

5. Visit a food store or a candy counter selling imported products. Find examples of products that list ingredients and which contain: (a) Red no. 40 as a colouring agent. (b) European food dyes with E numbers (find a web page that lists the allowed EU colouring agents). Are these E agents allowed in Canada? Why can you buy them in Canada?

6. Take colour photographs of the diluted Kool Aid solutions. Print the photographs in colour on paper, or on acetate sheeting; or display the photographs on a computer monitor. Use the photographs instead of the diluted Kool Aid solutions to perform an analysis. You have just made an analysis “kit”.

Background
Theory and Practice of the Method of Light Absorbance
Absorbance of light by chemicals in solution is utilized as an important method of chemical analysis. The theory, usually referred to as the Beer-Lambert Law or Beer’s Law (Figure 5), will be found in any textbook of chemical analysis or chemical instrumentation.
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In theory, the absorbance (depth of colour) is directly proportional to the amount of substance present per unit volume of solution (concentration) as long as the path length is constant. However, real substances “top out’ and deviate from straight line behaviour when the amount present is large. And in practice, instruments and the human eye have difficulty when the percentage of the light absorbed is either very small or very large.

For these two reasons, an analytical method must be fully investigated, and the solutions used must always be kept within a usable linear region. Keep the following general principles in mind in this exercise:

1. Do not use visual comparison standards outside the working region, and make sure that the depth of colour of an unknown falls inside the working region. The working region for allura red is about 2 ppm up to 10 ppm. Below 2 ppm, the depth of colour is too faint, and above 10 ppm the depth of colour is too deep for visual distinctions. Above about 12 ppm the absorbance seems to ‘top out’.
2. Comparisons are only valid when the amount of light falling on the solutions and the path lengths are the same. This is why it is necessary to use a matched set of containers, and to put the same amount of liquid in each. As well, the amount of light illumination should be the same for each vessel.
Background Cont.)
Allura Red (Red No. 40) and Cherry Kool Aid

Allura red appears red to the human eye since it has a maximum of absorbance at about 503 nm in the blue region of the visible spectrum. Samples of allura red are tested for quantity and purity using a method similar to that used in this exercise, except that an instrument called a spectrophotometer is used to measure the amount of light being absorbed at 503 nm.

Allura red and other food dyes are used in four types of experiments at Mohawk College (7, 8). A sample of 90 % pure solid allura red dye - donated to Mohawk College by a food colour distributor - was used to prepare what is called a primary standard solution. During the course of the work, it was determined that the cherry Kool Aid and the cherry Halls cough drops when dissolved in water absorbed light in essentially the same way as the sample of dissolved pure allura red (8).
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Several samples of cherry Kool Aid, when prepared according to the instructions, were found to contain approximately 100 ppm of allura red in the solution. For the purposes of this exercise, the cherry Kool Aid is being used as a secondary standard solution of 100 ppm allura red.

The validity of this assumption cannot be verified.

The Visual Colour Comparison Method

The method of visual colour comparison is frequently used in the environmental and occupational health (OHS) areas, particularly for fieldwork. The method is imprecise, but it has the advantages of being simple, robust, inexpensive, and fast. A field measurement in the environmental or OHS area need not be any better than ± 25 % precise to be useful in detecting hot spots. The more precise instrumental methods of photometry and spectrophotometry require that samples be taken to a laboratory, and are more complex, less robust, more expensive, and relatively slow.
Almost any method that has been developed for spectrophotometry in the visible region of the spectrum can be adapted into a visual colour comparison. However, since few analytes absorb visible light; reagents are used to develop colour. The primary and auxiliary reagents used may be hazardous, and the residues and wastes must be stored for proper disposal. For many analytes, commercial kits are available, containing the apparatus, the chemicals (in pouches or ampoules), the instructions, and the colour comparison charts (9). Two specific examples are phosphate (environmental) and formaldehyde (OHS) (10).

Chemical Analysis in the Food Industry

Materials usually undergo physical and / or chemical testing after purchase by manufacturers, prior to sale or use, or as routine quality control. In the case of foods, drugs, and cosmetics, some content analysis results may be required for regulatory purposes. Food content analysis results can be used to support health and nutrition statements. The nutrition label of a typical food product gives an indication of how much testing is done (11).
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[image: image10.png]Figure 5: Beer - Lambert Law (Beer's Law)
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