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Separations: Chromatography of M&M and Ink Dyes
Introduction
Almost all substances we come into contact with on a daily basis are impure; that is, they are mixtures.
Similarly, compounds synthesized in the chemical laboratory are rarely produced pure. As a result, a
major focus of research in chemistry is designing methods of separating and identifying components of
mixtures.

Many separation methods rely on physical differences between the components of a mixture. For
example, filtration takes advantage of substances being present in different states (solid vs. liquid);
centrifugation relies on differences in density; and distillation makes use of differences in boiling points of
the various components. Chromatography exploits differences in solubility and adsorption.

The word chromatography, which is derived from two Greek words literally meaning "color writing", was
coined at the beginning of this century when the method was first used to separate colored components
of plant leaves. Today, the name is a bit misleading, because most forms of chromatography do not
depend on color. Several types of chromatography are commonly used, among which are paper
chromatography, thin-layer chromatography or TLC, liquid-liquid chromatography, gas chromatography,
and high performance liquid chromatography or HPLC.

Chromatography is so useful that some form can be found in most scientific laboratories around the
world. For example, in forensic chemistry crime laboratories, the FBI maintains a library of
chromatograms of inks that are used commercially. In the first case in which chromatography of inks
were used, a man in Miami falsified travel and expense vouchers. However, the ink pen he used had ink
that wasn't available commercially until 3 years after the trips had taken place.

The theory behind chromatography is to allow a mixture of different chemicals to be distributed or
partitioned between a stationary phase and a mobile phase (eluent or solvent). The mobile phase may
be a liquid or a gas; the stationary phase is typically a solid. As the mobile phase flows over the
stationary phase, the components in the mixture are carried along. The more soluble a component is in
the mobile phase the faster it will be transported along the stationary phase. Adsorption refers to the
ability of a substance to ‘stick’ (or be adsorbed) to a surface. The more strongly a component is adsorbed
to the stationary phase, the slower it will be transported by the mobile phase. As the mixture moves over
the stationary phase, the components in the mixture move further and further apart into discrete zones.

Paper chromatography uses ordinary filter paper (primarily cellulose) as the stationary phase. Thin-layer
chromatography (abbreviated TLC) uses a thin glass plate coated with either aluminum oxide (alumina)
or silica gel as the solid phase. The mobile phase in both is a solvent chosen according to the properties
of the components in the mixture.

In paper chromatography, a drop of solution containing a substance or mixture of substances is spotted
along a line near one end of a rectangular piece of filter paper. The paper is the stationary phase and the
line is called the origin. The lower edge of the paper is placed in a developing solvent as the mobile
phase. Capillary action causes the solvent to flow up the paper at a uniform rate creating a "wet" line
across the paper. This line is called the solvent front.
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When the solvent front reaches a spot, the components of the spot will begin to migrate upward with the
mobile phase. Each component will have a characteristic chemical affinity for the paper and a
characteristic chemical affinity for the solvent. These affinities are competitive: The component's affinity
for the paper tends to hold the component in one place, but its affinity for the solvent tends to make the
component follow the solvent as it moves upward. A component with a strong affinity for the paper and a
weak affinity for the solvent will move more slowly than a component with a weaker affinity for the paper
and a stronger affinity for the solvent. TLC works in similar manner.

The affinity of a substance for the stationary and mobile phases is characteristic of that substance.
Different substances will have different competitive affinities. Since each component of a mixture will
have its own characteristic affinities, each component will travel up the paper at its own characteristic
rate. If the paper is sufficiently large, all the components can be separated by the time the solvent front
has reached the top of the paper and each component will appear as a separate spot. The
chromatographic paper will now contain a vertical array of colored spots arranged according to their
characteristic rates of ascent.

It is possible to describe the position of spots (so the substances that have separated) in terms of their
retention factor, the Rf value (Figure 1). The retention factor is defined as:

distance traveled by spot
distance traveled by solvent

J
Because the retention factor for a particular mixture varies depending on conditions, a sample of known

composition is typically analyzed at the same time on the same sheet of paper or slide. The Rf value is a
characteristic property of a given compound in a given solvent on a particular stationary phase.

Figure 1: Example for calculating the Ry value
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In Part | of this experiment, the dye content of the shell coating of M&M candies will be analyzed using
paper chromatography and TLC. The colors of the shells of M & M candies contain food coloring dye that
are FDA approved (5 commonly used of the 7 such dyes) organic compounds and therefore display
characteristic Rf values. Some M & M’s use yellow #5 (tartrazine) as color. This dye causes allergic
reactions in some people and must therefore be named as an ingredient in products that contain it. The
M&M package states that yellow #5 is one of the colors added. The big question is then: is the dye
present in all candies or only in some of the candies of certain colors? The answer to this question is
important to the person who is allergic to yellow #5 and wants to know which candies are safe to eat.
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In Part Il, overhead pen inks will also be analyzed using TLC. Overhead pens come in many different
colors but most colors are mixtures of primary color inks.

Pre-Lab Questions
1. Explain in your own words why samples can be separated into their components by
chromatography.

2. Why must the spot applied to a chromatography plate be above the level of the developing
solvent?

3. If the solvent front moves 8.0 cm and a component in a sample being analyzed moves 3.2 cm
from the baseline, what is the Rf value?

Materials
M&M candy 600 mL beakers Well plate
Filter paper Parafilm/aluminum foil Distilled water

Felt tip pens 0.1% NaCl solution toothpicks
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Lab Set Up: Please draw and label the set up for this lab

Procedure
Part | M&M candies

Select the M&M colors to be tested. Using a disposable pipet, place a small drop of distilled water
on top of the candy and let it sit for about 3 minutes. You want to get a concentrated solution, but
you do not want to dissolve the chocolate.

For the paper chromatography, prepare a developing chamber using a 600 mL beaker. Add
enough 0.1% NaCl, (solvent or eluting solution) so that the bottom of the beaker is covered by a
12 inch. Tightly seal the beaker with aluminum foil. It is important that the air above the mobile
phase become saturated with solvent vapors.

Cut two 12 x 12 cm strips from Whatman #1 filter paper as shown by the instructor. Along one
side, 2 cm from the edge, draw a straight pencil line, and make marks at about 1 cm intervals.

Dip a round toothpick in water and use it to gently stir the drop on top of one of the M&M
prepared in step 1 (held in one hand). Care must be taken not to dissolve away so much of the
shell that the chocolate is exposed. Apply the extract to a spot on the pencil line on the paper. Air
dry the spot by blowing gently over the paper. Reapply more extract to the same position at least
4 times until the color is clearly visible, but the spot is not too large. Using pencil, label under the
spot with code representing the color M&M used. Repeat the application using a clean toothpick
with each different color of M&M. Spot the standard dye solutions in a similar fashion.

Fold the filter paper in an accordion fold 3 times, making sure the spots are in a section and not
on the crease. Carefully stand the paper in the developing chamber eluting solution, with the
sample spots near the liquid surface, but not in the liquid (Figure 2). Tightly seal the beaker with
the parafilm and let it stand undisturbed. The solvent will gradually rise by capillary action,
carrying the components in the spots along.

Beaker

Pencil line
ol e i Spot of dye
Red Blua
? Water

Figure 2: Placement of filter paper in the beaker.
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6. Take the paper from the beaker when the solvent front is about 2 cm from the top and
immediately mark the solvent front with a pencil and let the paper dry. Note the position of the
most intense part of the separated colors and carefully circle it.

7. Measure the distance from the straight line on which you applied the spots to the solvent front.
Then measure the distance from the pencil line to the center of each colored spot and calculate
the Rf value from the two number you obtained. Repeat the procedure for each colored candy
spot that you applied.

Part Il Felt tip pens
1. Repeat the above procedure for felt tip markers, but adjust the application process (step 1) as
follows: The spots must be very small and not too concentrated to get a good separation. Lightly
mark the pencil line on your filter paper with the felt tip marker once. Repeat for the remaining
samples.
2. Place in the developing chamber and seal with Parafilm. Allow the solvent front to move close to
the top of the plate.

3. There are no standards to compare against. Identify the number of dyes, colors and relative
positions. In particular, note which dyes in each color pen move the same distance.

Data/Results: Please include your filter paper or a sketch of your filter paper and a table with the
distance traveled by the solvent and spots in each part of the experiment.

Calculations/Analysis

1. Calculate the Rf value for each color dye in M&Ms with the filter paper stationary phase.

2. Calculate the Rf value for each color dye in the felt pens.

Post-Lab Questions
1. What is the result of applying too much sample?

2. Two components have the same Rf value in a chromatogram. Are they necessarily identical in
structure?

Conclusion Restate the overall purpose of the experiment and how the procedure enabled you to accomplish
it. Discuss overall results and draw conclusions from your data. Describe likely sources of error.
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CATEGORY 5 3 1 0
Pre-Lab Pre-Lab Questions Pre-Lab Questions Half of the questions Fewer than half of
Questions completed correctly and | completed correctly, but were completed the questions were
on-time. late or completed correctly and on time. completed correctly
incorrectly, but on time. and on time.
Title The title is descriptive The title is relevant, but The title is not relevant | No title included

and relevant

not particularly
descriptive

or descriptive

Introduction/
Purpose

The purpose of the lab
is clearly identified and
stated.

The purpose of the lab is
identified, but is stated in
a somewhat unclear
manner.

The purpose of the lab
is partially identified,
and is stated in a
somewhat unclear
manner.

The purpose of the
lab is erroneous or
irrelevant.

Lab Partners

All lab partners are
included with full names

Most lab partners are
included

Some lab partners are
included

No lab partners are
included

accurate representation
of the data in tables
and/or graphs. Graphs
and tables are labeled
and titled.

of the data in tables
and/or graphs. Graphs
and tables are labeled
and titled.

representation of the
data in written form,
but no graphs or
tables are presented.

Materials All materials and setup Almost all materials and Most of the materials Many materials are
used in the experiment the setup used in the and the setup used in described
are clearly and experiment are clearly the experiment are inaccurately OR are
accurately described/ and accurately accurately described/ not described/
illustrated. described/ illustrated. illustrated. illustrated at all.

Procedures Procedures are listed in | Procedures are listed in Procedures are listed Procedures do not
clear steps. Each step is | a logical order, but steps | but are not in a logical | accurately list the
numbered and is a are not numbered and/or | order or are difficult to | steps of the
complete sentence. are not in complete follow. experiment.

sentences.
Data Professional looking and | Accurate representation Accurate Data are not shown

OR are inaccurate.

Calculations

All calculations are
shown and the results
are correct and labeled

Some calculations are
shown and the results
are correct and labeled

Some calculations are
shown and the results
labeled appropriately.

No calculations are
shown OR results
are inaccurate or

-results/data
- Sources of

easy to follow.

appropriately. appropriately. mislabeled.
Post Lab Post-Lab Questions Post-Lab Questions Half of the questions Fewer than half of
Questions completed correctly and | completed correctly, but were completed the questions were
on-time. late or completed correctly and on time. completed correctly
incorrectly, but on time. and on time.
Conclusion Conclusion includes all Conclusion only 2 of the | Conclusion includes No conclusion was
- purpose/ 3 of the 3 required 3 required aspects. Oris | only 1 of the 3 included in the
procedure aspects and is clear and | difficult to understand. required aspects. report OR shows

little effort and
reflection.
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error

Name: Points Points Comments
Lab: Possible Earned
Pre Lab Questions 10 _ X2=
Title 5

Introduction/Purpose 5

Lab Partners 5

Materials and 5

Laboratory Setup

Procedure 5

Data/Results 10 __X2=
Calculations/Analysis | 15 __X3=
Post Lab Questions 15 __X3=
Conclusion 25 __X5=
Overall Lab Quality +10

Total Points 100+ 10




