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Introduction

This article describes four laboratory exercises using water-soluble food dyes: quantitative spectrophotometry, paper chromatography, thin-layer chromatography (TLC), and fibre and fabric dyeing.

There are eight water-soluble synthetic dye substances allowed for food use in Canada, all of which should be safe for student use.  These substances absorb visible light intensely.  Very small quantities are required for student use but care must be taken to avoid staining the skin and clothing.

For most of these exercises, you can forego the purchase of individual dyes and instead use supermarket materials at a much lower cost.

Purchase of individual food dyes
The eight allowed dyes are listed in the table below.  They are produced in quantity for distribution in bulk to the food industry.  You can see the colours of the aqueous solutions of the food dyes by visiting the website of a distributing company (1, 2).  
Seven of the eight dyes can be purchased as individual chemicals from Sigma-Aldrich (3) in large amounts.  You can purchase a Food Dye Kit containing 2 g amounts of each of the seven dyes allowed in the U.S. from Rainbow Colors (4) for $ 20 plus shipping cost.  This 2 g amount of each dye is ample for method development and several years work with students.
	Dyestuff
	% Dye Content, Sigma Catalog Number, Quantity, Price

	Allura red or

FD&C Red 40 (red)
	80 %
458848-100 g $C 43.40

	Amaranth or

FD&C Red 2 (purple)
	90 %
A1016-50 g $C 40.90

	Erythrosine B or

FD&C Red 3 (red)
	80 %
E8886-25 g $C 49.70

	Sunset yellow or

FD&C Yellow 6 (red-yellow)
	90 %
465224-25 g $C 27.20

	Tartrazine or

FD&C Yellow 5 (yellow)
	90 %
T0388-100 g $C 29.00

	Fast green FCF or

FD&C Green 3 (blue-green)
	90 %
F7252-5 g $C 44.00

	Brilliant blue FCF or

FD&C Blue 1 (blue)
	

	Indigo carmine or

FD&C Blue 2 (blue)
	85 %
I8130-25 g $C 32.80



Amaranth is allowed for use in Canada but not in the United States.  Brilliant blue FCF is a member of a large family of blue dyestuffs, but the food dye itself does not seem to be available from chemical suppliers.
The Sigma-Aldrich on-line catalog gives the chemical structure and also some physical properties of each dye.  Additional information on the dyes is available in Wikipedia (5).
Food colours from the grocery store
In Canada (Toronto), aqueous food dye solutions sold under the brand name Club House® and powdered drink mixes sold under the brand name Kool-Aid® are convenient sources of food dyes for these experiments.
Club House brand food dye solutions are available in the four colours red, yellow, green, and blue.  Neither the Club House bottle labels nor the Club House company website (6) have any information about which dyestuffs are contained in the solutions.  However, this company is a division or subsidiary of the U. S. McCormick company: the dye contents of the corresponding McCormick brand solutions are available from the McCormick company website (7).  It seems logical to presume that the same dyes are present in the Club House brand solutions.
	Club House Food Colours / Presumed Dye Content

	Red
	Allura red (Red 40) and Erythrosine B (Red 3)

	Yellow
	Tartrazine (Yellow 5) and Allura red (Red 40)

	Green
	Tartrazine (Yellow 5) and Brilliant blue (Blue 1)

	Blue
	Brilliant blue (Blue 1) and Allura red (Red 40)


Kool-Aid brand powdered drink mixes are available in a variety of formats, sizes, and flavours, with or without sugar and other sweeteners.  The Canadian Kool-Aid labels have no information about which dyestuffs are contained in the powders but the dye contents of the corresponding products are available from the U.S. Kraft company website (8).
	Kool-Aid Powdered Drink Flavours / Presumed Dye Content

	Cherry
	Red 40 and Blue 1

	Orange
	Yellow 5 and Red 40

	Lime
	Yellow 5 and Blue 1

	Grape
	Red 40 and Blue 1


There is no information on any of these websites about dye amounts or concentrations in the various products.


Spectrophotometry of allura red (red 40)
A Beer’s Law spectrophotometry exercise utilizing the food dye allura red was recently developed for the first term chemistry laboratory of the two-year diploma technician programs (biotechnology, health, and environmental) at Mohawk College.  This exercise replaces one using potassium permanganate as the absorbing substance which was unnecessarily hazardous and very inconvenient and expensive, since the manganese-containing residues for 200 students per year had to be collected for proper disposal.
In doing this spectrophotometry exercise the students practice volumetric techniques, use a Spectronic 20, use Microsoft Excel® to generate a calibration line for the analysis, and carry out an analysis of an unknown sample by the calibration line method.  The full text of this laboratory exercise is available as a pdf file (9).

Using an analog, hands-on instrument such as the original Spectronic 20 is an excellent way to introduce students to spectroscopy.  There is a great deal of background information available for this instrument on the web (5, 10).
Choice of allura red as the analyte
A tour of supermarket shelves - reading product labels, looking at manufacturers’ websites, and some UV-vis wavelength scans suggested that allura red (red 40) could be used for this exercise.
Allura red seems to be the food dye of choice for food manufacturers seeking to achieve a cherry or strawberry red colour.  A blue dye is added in smaller amount in some products to modify the colour slightly.

The three products chosen as analytes are described in the table below.  Full visible wavelength scans were obtained for samples of each of an allura red standard and these three products using a NovaSpec Plus diode array scanning spectrophotometer (11).  All of the four scans were very similar.  Two of the scans are reproduced below.
	Products and Dye Content

	Halls Cherry Cough Tablet (12)
	Red 40 and Blue 2

	Kool-Aid Cherry Singles Powder (8)
	Red 40 and Blue 1

	Simply Kids Vitamin Enriched

Cherry Drink
	Unknown (Red 40?)


The NovaSpec Plus diode array spectrophotometer is a modern, digital single-beam microprocessor equipped instrument.  A beam of UV-visible light passes through the sample and is then dispersed by a diffraction grating to an array of diode detectors each covering a small range of wavelengths.  Each scan requires only a few seconds.  The background absorption of the solvent water is measured first, then the sample absorption.

The instrument microprocessor generates each spectral scan from the set of individual absorbances relative to the solvent measured by each of the diode detectors.  Similar scans could be generated by your students using a Spectronic 20 and Microsoft Excel, as described by Michael Jansen in his article published in the April, 2008 issue (13) of Chem 13 News.
NovaSpec Plus Spectrophotometer Scans
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	Allura Red (Red 40) Food Dye (9.94 ppm Standard Solution)
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	Halls Cherry Cough Tablet (One Tablet in 100 mL Solution)


The wavelength of maximum absorbance of allura red in the blue region is at 504 nm (3, 5).  The presence of a small amount of blue 2 dye in the Halls cherry cough tablet, absorbing in the red region at 608 nm (14) does not seem to be significant.  For the purpose of our experiment, this latter absorbance is ignored.

Our sample of solid allura red powder was supplied by a food colour distributor some years ago, during trials of the TLC experiment described below.  According to the distributor, it is 90 % dye by mass, this value having been verified by their quality control spectrophotometric analysis.  A calibration curve for allura red, assuming that the 90 % by mass value is correct is shown below.
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Allura red content of the supermarket products
The experimentally determined allura red content of each of the products examined is listed below in the table.  Each value is the mean of four independent trials as noted.
	Allura Red Dye Content

	Halls Cherry Cough Tablet
(Single Tablet Samples)
	0.55 mg / Tablet
(0.55, 0.57, 0.56, 0.52)

	Kool-Aid Cherry Singles Powder
(Individual Package Samples)
	25.1 mg / 8.3 g Package
(25.4, 25.6, 24.8, 24.4)

	Simply Kids Vitamin Enriched Cherry Drink (Individual Drink Samples)
	1.12 mg / 250 mL Bottle
(1.10, 1.06, 1.17, 1.15)


It is interesting to notice that the concentration of allura red in cherry Kool-Aid, when ready to drink according to the instructions, is found to be very near to 100 ppm.  The regulatory limit for this food colourant in Canada is 300 ppm (15).
Using Kool–Aid as the standard substance
A package of Kool-Aid cherry singles powder can be used as the allura red standard substance for spectrophotometry.  One 8.3 g package dissolved to a volume of 250 mL in water provides a solution containing nominally 100 ppm (100 mg / L) of allura red.  By dispensing this 100 ppm solution from a buret, a set of standards can be prepared by dilution for the analysis procedure.
	Making Allura Red Standard Solutions Using One Package of Kool-Aid Cherry Singles Powder in 250 mL of Solution

	Dilution
	Nominal ppm of Allura Red

	2.00 mL to 100 mL
	2.00 ppm

	4.00 mL to 100 mL
	4.00 ppm

	6.00 mL to 100 mL
	6.00 ppm

	8.00 mL to 100 mL
	8.00 ppm



Halls cherry cough tablets and the Simply Kids vitamin enriched cherry drink, or other products known to contain allura red can then be analysed as unknowns.
Paper chromatography of food dyes

We use the separation of food dye mixtures by paper chromatography as an experiment for groups of school students on visits to Mohawk College.  We use the solvent suggested by Epp (16), 0.1 % w / v NaCl in distilled water and Whatman 1 CHR slotted sheet chromatography paper (17).  The paper costs about $90 per package of 100 sheets.  Do not use tap water, since the dyes may form insoluble salts with the hardness ions.  A visualization step is not necessary, since the dye spots on the developed chromatograms may be located by their own colours.
The time required for the exercise is not great, as this solvent will travel 5 to 6 cm up the paper in 20 minutes.  The solvent provides a good separation of the two red dyes present in red Club House food dye, of the red and blue dyes present in grape (purple) Kool-Aid, and of the yellow and blue dyes present in lime (green) Kool-Aid and green Club House food dye.  It does not separate the red and yellow dyes in orange Kool-Aid.
We have the students moisten the surface of a darkly coloured Smartie® in order to transfer some of the food dye mixture to the chromatography paper.  This mixture of colours can then be separated by the chromatography process.  The full text of our instructions for paper chromatography is available as a pdf file (9).
Thin-layer chromatography (TLC) of food dyes

A TLC exercise based on the separation and identification of the food dye substances in the Club House dyes and Kool-Aid dye mixtures was developed several years ago for the organic chemistry laboratory of our three-year technology diploma program and for the biotechnology laboratory of our two-year technician diploma program.  The full text of the exercise is available as a pdf file (9).

TLC methodology, materials, and costs
Our food dye TLC separation is adapted from Pavia, Lampman, and Kriz (18).  We use Macherey-Nagel TLC plates (19) which are silica gel on a polyethylene terephthalate backing.  The cost is approximately $135 per box of 25 of the 20 × 20 cm plates.

The chromatography chambers are 100 mL beakers.  Each of the 20 × 20 cm plates is cut into 15 smaller 6 × 4 cm portions to fit the beakers using scissors.  The chromatography solvent is a 4:1 mixture by volume of isopropyl alcohol and concentrated ammonia.  Use of a fume hood or other good ventilation is essential.



[image: image3.emf]Cover tightly 

with cling film, 

parafilm, or 

aluminum foil

TLC plate 

being 

developed

Chromatography

beaker

TLC Chamber

Solvent

Front


Approximate Rf values for some food dyes using the solvent and plates described above are listed in the table below.

	Approximate Rf Values

	Dye
	Rf Value
	Dye
	Rf Value

	FD&C Red 3
	0.75
	FD&C Green 3
	0.22

	FD&C Red 40
	0.50
	FD&C Blue 1
	0.28

	FD&C Yellow 5
	0.31
	FD&C Blue 2
	0.22

	FD&C Yellow 6
	0.53
	
	


The TLC experiment requires the use of single dyes as known standards, but allows for the separation and tentative identification of the component dyes in all of the four Club House food colours as unknowns.

The Kool-Aid dyes cannot be separated using our solvent.  The Kool-Aid dyes do not move with the solvent on the TLC plate.  These powders contain large amounts of citric acid as the acidulant for the drink.  This probably neutralizes the NH3 in the solvent and renders the dyes insoluble.
Dyeing of fibres and fabrics
A dyestuff synthesis and fabric dyeing exercise is carried out in the organic chemistry laboratory of our three-year technology diploma program.  Recently, Club House food colours and sweetener-free Kool-Aid powders were added to the dyes used in the experiment.
A part of the dyeing exercise is conducted using a multi-fiber ribbon, a material produced for the textile industry by the company TestFabrics Inc. (20).  The 13 fibres on the ribbon are listed in the table below.
You can purchase lengths of the multi-fiber ribbon from Educational Innovations (21) for $ 7.75 per yard, plus shipping.



	The Multi-Fiber Ribbon

	Position
	Fibre
	Type

	1
	Acetate
	cellulose, monoacetate

	2
	SEF*
	acrylic

	3
	Arnel - bright
	cellulose, triacetate

	4
	Bleached Cotton
	natural cellulose

	5
	Creslan 61
	acrylic

	6
	Dacron 54
	polyester

	7
	Dacron 64
	polyester

	8
	Nylon 6,6
	polyamide

	9
	Orlon 75
	acrylic

	10
	Spun Silk
	natural polyamide

	11
	Polypropylene
	polyolefin

	12
	Viscose
	regenerated cellulose

	13
	Wool
	natural polyamide


* SEF is self-extinguishing fiber
The water-soluble food dyes belong to the class of dyes called acid dyes (5).  Acid dyes are anionic in nature, they are the water soluble salts of strong organic acids.  These dyes remain in anionic form in strongly acidic solution.  Allura red may be taken as an example.  It is an azo dye which is the disodium salt of the strongly acidic sulfonic acid groups.
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Allura Red (Red 40)
Used in acidic solution, the anionic food colours are excellent dyes for proteins and polyamides: natural hair; wool of all kinds, silks; nylons.  Dyeing can be done in as short a time as 10 minutes, as noted in the instructions below.
There is a link in the Wikipedia article on Kool-Aid (4) to an article by Kristi Porter, in the magazine Knitty (22).  This excellent short article gives you all the information needed to be able to dye natural hair, wool of all kinds, silks, and nylons with Kool-Aid or Club House food dye solutions.  A Kool-Aid powder already contains the required acid in the form of citric acid.  A Club House food dye solution may be made acidic by adding some vinegar.


Dyeing instructions

  1.
(Optional.)  Soak the fabrics swatches or fibres to be dyed in a weak solution of detergent and wring dry.

  2.
Add the contents of one sugar-free package of Kool-Aid powder (makes 2.0 L of drink) to 200 mL of hot water (tap water is fine) in a large beaker.  Cover with a watch glass if possible.

Alternatively, use 5 mL of a Club House food dye solution, and 25 mL of vinegar and dilute with tap water to 200 mL.
  3.
Add the prepared fabrics.  Stir gently and keep the solution as hot as possible for at least 10 minutes (longer is better).
  4.
Place the beaker in a sink (caution: hot) and run in cold tap water until the rinse water runs clear and colourless, taking care not to rinse the fabric swatches down the drain.

  5.
Hang the fabrics on a line to dry.  Repeat the rinsing and drying if it is intended to keep the fabrics.

Forensic testing for wool, nylon, and silk

The Kool-Aid dyeing process can be used to determine whether or not an unknown fabric or fibre sample is a polyamide (wool, nylon, or silk).  If a fibre labelled as wool or silk, or a rope labelled as nylon does not absorb dye, it may very well not be what it claims to be.
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Contact information
Professor Cash will retire at the end of February, 2009.  Inquiries about this material may thereafter be addressed to him at: dn.cash@uclmail.net
To arrange a working visit to Mohawk College contact Professor Cindy Mehlenbacher.  If you have questions about the methods, contact Professor Dan Wilson (dyeing), Technologist Fiona Anthony (chromatography), Technologist Randy Travis (spectroscopy) or Chief Technologist Bill Rolfe (materials):

cindy.mehlenbacher@mohawkcollege.ca
dan.wilson@mohawkcollege.ca
bill.rolfe@mohawkcollege.ca
fiona.anthony@mohawkcollege.ca
randy.travis@mohawkcollege.ca
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