
Part 1: Background Information and Context 
Activity 

Tie Dye and Spin Chromatography 

Students will learn about chromatography and how different pigments travel at different rates depending on their size, adhesion, and attraction to each other and 
the surface they are present on. This will be demonstrated through the use of filter paper or coffee filters to separate the various pigmentations present in water 
soluble markers. 

 
Suggested NGSS Dimensions to Address (click on the titles to learn more from the K-12 Framework) 

Science and Engineering Practices  Disciplinary Core Ideas  Crosscutting Concepts 
● Asking Questions/Defining Problems 

○ Students can observe the teacher 
performing this activity as a demo, 
record observations, and ask 
questions. 

● Planning and Carrying Out Investigations 
○ Students could then develop an 

experiment to test their ideas or the 
teacher could develop the experiment, 
and students could conduct it. 

● Analyzing and Interpreting Data 
○ Students could collect data on their 

various chromatography experiments 
and then analyze it for patterns to 
make conclusions about their 
observations. 

● Constructing Explanations/Designing 
Solutions 
○ After students explore the different 

variables that affect their 
chromatography and learn concepts 
from their teacher, they can revise 
their initial explanations. 

○ Students could apply their knowledge 
of separating liquid mixtures to 
solutions requiring water testing or 
other real-world applications. 

 

 ● PS1.A Structure of matter 
○ 3-5: Matter exists as particles that are 

too small to see, and so matter is always 
conserved even if it seems to disappear. 
Measurements of a variety of 
observable properties can be used to 
identify particular materials. (5-PS1-1) 

○ 6-8: The fact that matter is composed of 
atoms and molecules can be used to 
explain the properties of substances, 
diversity of materials, states of matter, 
phase changes, and conservation of 
matter. (MS-PS1-2) 

● PS1.B Chemical Reactions  
○ 3-5: When two or more different 

substances are mixed, a new substance 
with different properties may be 
formed. (5-PS1-4)  

○ 6-8: Substances react chemically in 
characteristic ways. In a chemical 
process, the atoms that make up the 
original substances are regrouped into 
different molecules, and these new 
substances have different properties 
from those of the reactants. (MS-PS1-2, 
MS-PS1-6) 

 ● Cause and Effect 
○ Events have causes, sometimes simple, 

sometimes multifaceted. A major activity 
of science is investigating and explaining 
causal relationships and the mechanisms 
by which they are mediated. Such 
mechanisms can then be tested across 
given contexts and used to predict and 
explain events in new contexts. 

● Systems and System Models 
○ Defining the system under 

study—specifying its boundaries and 
making explicit a model of that 
system—provides tools for 
understanding and testing ideas that are 
applicable throughout science and 
engineering. 

● Patterns 
○ Observed patterns of forms and events 

guide organization and classification, and 
they prompt questions about 
relationships and the factors that 
influence them. 

● Scale, Proportion, and Quantity 
○ In considering phenomena, it is critical to 

recognize what is relevant at different 
measures of size, time, and energy and to 
recognize how changes in scale, 
proportion, or quantity affect a system’s 
structure or performance. 

 

https://www.nap.edu/read/13165/chapter/7#54
https://www.nap.edu/read/13165/chapter/7#59
https://www.nap.edu/read/13165/chapter/7#61
https://www.nap.edu/read/13165/chapter/7#67
https://www.nap.edu/read/13165/chapter/7#67
https://www.nap.edu/read/13165/chapter/9#106
https://www.nap.edu/read/13165/chapter/9#109
http://www.nap.edu/openbook.php?record_id=13165&page=87
https://www.nap.edu/read/13165/chapter/8#91
https://www.nap.edu/read/13165/chapter/8#85
https://www.nap.edu/read/13165/chapter/8#89


Part 2: Lesson Facilitation for Phenomenon 
Teacher Background 

The word chromatography is derived from the Greek words chroma and graph, which means “color writing.” Chromatography is the separation of 
molecules within a mixture or compound.  This technique was developed in 1901 by the Russian Botanist, Mikhail Tsvet, in order to separate the 
different pigments present in plant dyes.  Chromatography, such as Thin Layer Chromatography (TLC) and Column Chromatography, is a valuable 
technique used in many labs today to separate compounds and molecules. The movement of molecules and compounds along a solid surface is 
caused by capillary action.  Capillary action is the movement of liquid molecules across a solid surface due to greater attraction to the surface as 
opposed to the other molecules present.  In this activity the dyes from markers will be separated into the different pigments that make them up.  The 
different pigmentations present in the markers will vary in mobility speeds based on the polarity of these pigments.  Polarity is the variations of 
electronegativity present within a molecule that is determined by the different elements that make it up.  The more polar pigments will react with 
the surface more readily than nonpolar molecules, which will slow down their mobility and overall distance traveled.  The different colors on the 
filter paper are made up of reflected and absorbed light.  The color that we see is the color that is reflected and the absorbed light is the 
complementary color of the light reflected.  Overall, students will learn about the separation of molecules and compounds through chromatography 
using water soluble markers and filter paper. 
Materials 

1. Water 
2. Water-soluble markers (Non-Toxic) 
3. Filter paper (or coffee filters), cut into strips that are at least 3 inches in diameter 
4. Clear, plastic cups 
5. Pencils 
6. scotch tape 

Procedures 

1. Have participants draw a relatively thick line on the coffee filter about an inch above the water’s edge in one color, using the 
water-soluble magic markers. The line should be about a centimeter thick. The line should stretch from one end of the filter to 
the other. 

2. Participants tape the other end of the filter to a pencil.  Tape it tightly so that when the chromatography is complete and the 
coffee filter is soaked, the paper won’t tear off the pencil. 

3. Fill the cup with about half an inch of water. 
4. Place the coffee filter inside the cup, with the pen or pencil resting atop the cup. The end of the coffee filter should be resting in 

the water at this point. If it is not, or if the mark on the filter is submerged, remove the coffee filter, and fix the problem. Add 
more water if the filter was not touching the water, and, if the mark was submerged, throw away that coffee filter, and try again, 
this time placing the mark higher on the paper. 

5. Remove the coffee filter from the cup when you think the colors have completely strained out. There should be different colors 
moving in a long strip from the bottom of the filter up to the top. 

 
Safety Concerns 
Do not ingest. 



3-Dimensional Questions 

1. What did you notice during the demonstration? 
2. What did you wonder during the demonstration? 
3. What causes the colors to begin to travel along the paper?  
4. What other colors do you see besides the main color you used to draw the line? 
5. What causes some colors to travel further than others? 
6. Where did the different colors come from? Where are they in the pen? 
7. Do you predict the same results with all pen ink? How could you test your predictions? 
8. Do you think you would get the same results if we used water instead of isopropyl alcohol? 
9. Why might the ability to separate solutions into their components be important to environmental engineers and water quality? 

5E Model Alignment/Suggestions 

Engage:  
   Consider using this activity as a demonstration and having students ask questions about what they see through a prompt such as 

“Make 5 observations and 3 questions about the following demonstration”. This would also be a good opportunity for students to 
develop an initial explanation around why/how the phenomenon is occurring. 

Explore:  
1. After students have made preliminary predictions and explanations, they could explore these predictions by investigating the 

different variables involved in the phenomenon. Students could either develop the investigation or simply conduct it using 
provided procedures. 

2. Consider having the students measure how far each color travels and graphing the data. Students should test different kinds and 
colors of ink (including non-water soluble) as well as different solvents such as water and isopropyl alcohol. See below for 
further explore suggestions with this activity. 

3. After conducting an investigation, students could revise their original thinking about the phenomenon. 
Explain: 
     After the teacher has helped the students make meaning of their activity through direct teaching, video, or text, the students can  
then explain their learning back to the teacher. Through experience and instruction, students should learn about the relationship  
between solutes and solvents, mixtures, and polarity (high school). 
     The students can construct an explanation or write a Claim-Evidence-Reasoning to communicate their understanding of the  
phenomenon. 
Elaborate: 
1. Students could apply their knowledge to a new situation such as separating mixtures in water testing. 

Extension Ideas 
A. Record the order in which colors appear from each of the black inks. List the colors in order from the one that appeared first to the one that appeared last (see 
Figures 2 and 3). Comparing each of the filter paper strips, have students discuss whether similar colors (e.g., yellow) appeared in the same or different orders in 
relation to the other colors. Have students explain their results. 



 

B. Record the time (in minutes) required for the colors to move up the filter paper strip (see Figures 4 and 5). Begin timing at the moment water is added to the 
container and the black ink dot becomes wet. For each color, record the time when the color is clearly present. In analyzing the data, ask students to determine if 
each similar color (e.g., yellow) on each paper strip appeared after the same amount of time. Again, have students try to explain their results. 

 

C. Once all the colors have finished moving, remove the filter paper strip and measure the thickness (from bottom to top) of each band of color. Teachers should 
note that measuring the thickness of color bands could prove difficult for students because the color bands tend to blend together at their edges and do not appear 
in distinct and separate bands. Students will need to make judgments as to where one color ends and the other begins. Then, have students compare the thickness 
of the bands from one filter paper strip to those on the other strips. Ask students to determine whether the thickness of all similar colors (e.g., all the yellows) is the 
same on all the strips and try to explain the results. 



 

D. When the color movement has stopped, take the filter paper strip out of the cup and measure the distance of each color from the top of the original black ink 
spot. Measure the distance in millimeters from the top of the original black dot to the bottom of each color. Again, because the color bands blend together at their 
edges, teachers may prefer to have their students determine the center points of each color band and measure from the top of the ink dot to these mid-band points. 
Have students compare the distance each color moved from the top of the black dot to the point at which it first appeared (or to the center of the color band, 
depending upon the procedures followed). Have students determine whether the distances for all the yellows, for example, were the same. Again, ask students to 
try to explain these results. 

These extension ideas were taken from  
Kevin Finson is a professor of science education in the Department of Teacher Education at Bradley University in Peoria, Illinois. 
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Other questions 

Once students have collected, graphed, and analyzed all the data as suggested in the previous section, have them reflect on some questions that require them to 
take into account the data as a whole. For example, based on all the different comparisons, are all the similar colors on all the filter paper strips the same (e.g., do 



you think all the yellows are the same yellow ink)? Students should be asked to explain their reasoning. Another example would be to consider a black ink that did 
not produce any colors on its filter paper strip and offer an explanation for why it didn’t and then design an investigation to find out. 

Last drop 

There are many interesting activities teachers can draw upon in their science instruction. Although the number of good inquiry-oriented ones has grown over the 
past decade, there are many still circulating “out there” which could be improved and strengthened through relatively simple modifications to better address the 
National Science Education Standards. The activity and modifications of paper chromatography described here are but one example of what the teacher can do in 
this regard, and are an example of what Colburn described as “structured inquiry,” in which the teacher provides the question or problem to be investigated, the 
materials, and some or all of the procedures (2000). Further modifications could easily change this to a guided inquiry, where the teacher provides the materials 
and question(s) to investigate and students come up with the procedures, particularly if the “classic” paper chromatography activity is the beginning point (in 
which students learn the basic procedure). Still further modifications could result in more of an open inquiry approach in which students begin to formulate their 
own questions to ask and then proceed to devise their own investigations. For example, students may become curious about whether changes in the medium (in 
this case, the type of paper used) or the solvent (in this case, water) might produce different outcomes. 

 
 


