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NOTE:	This Module is taken from “Activity 94” of Chemical Activities: Teacher Edition, by Borgford and Summerlin.  American Chemical Society, 1988.


Concept


In this activity we will remove color from a solution and odor from another solution by allowing the solutions to react with carbon. We will use carbon that has undergone a special treatment to make it into decolorizing  carbon. Many substances can be purified by allowing them to react with this carbon. Objectionable taste and odor can be removed from our drinking water, and colors can be removed from many types of solutions.


SCIENCE PROCESS SKILLS


�
Identifying


Measuring


Observing


Predicting


Experimenting


Collecting and interpreting data


Analyzing data


�
AAAS SCIENCE BENCHMARKS


�
1A The Scientific World View


1B Scientific Inquiry


4D Structure of Matter


4E Energy Transformations


12 Manipulation and Observation


12E Critical Response Skills


5E Flow of Energy and Matter


�
SCIENCE EDUCATION CONTENT STANDARDS (NRC)


Grades 5-8


�
Design and conduct a scientific investigation


Use appropriate tools, techniques, and analyze data


Construct explanations and models using evidence


Properties of matter


Particulate model of matter


�
�
Grades 9-12


�
Identify the questions and use concepts to guide scientific investigations


Construct and revise scientific explanations and models


Using logic and evidence


Recognize and analyze alternative explanations and models


Communicate and defend a scientific argument


Interactions of energy and matter


Atomic structure of matter


�
STATE SCIENCE CURRICULUM FRAMEWORKS


Grades 5-8:	1.1.7,1.1.10,1.1.11, 1.1.12, 1.1.13, 1.1.14, 1.1.15, 1.1.16, 3.1.15, 3.1.17, 3.1.19


Grades 9-12:	1.1.20, 1.1.21, 1.1.22, 1.1.26, 1.1.27, 3.1.33, 3.1.37


Grades 5-8 Activity module


Materials


Funnel.


Filter paper.


4-250 ml Erlenmyer flasks


Decolorizing or activated carbon


Food color


Sauerkraut or pickle juice


Procedure


Fold a piece of filter paper, place it in a funnel, and put the stem of the funnel into an Erlenmeyer flask.


Add about 1 tsp. of decolorizing carbon to the funnel.


Add 1 drop of food color to 100 mL of water in a flask.


Carefully pour some of the colored water onto the charcoal in the filter paper. Describe the liquid filtered into the flask (the filtrate).


Discard the filter paper and charcoal in the solid waste receptacle.


Repeat this activity using sauerkraut juice or dill pickle juice as the solution that is filtered. Is any odor present in the filtrate (or less odor than in the orig�inal juice)?


Grades 9-12 Activity module


Materials


Funnel.


Filter paper.


4-250 ml Erlenmyer flasks


Decolorizing or activated carbon


Food color


Potassium permanganate (KMnO4) solution


Sauerkraut or pickle juice


Procedure


Fold a piece of filter paper, place it in a funnel, and put the stem of the funnel into an Erlenmeyer flask.


Add about 1 tsp. of decolorizing carbon to the funnel.


Add 1 drop of food color to 100 mL of water in a flask.


Carefully pour some of the colored water onto the charcoal in the filter paper. Describe the liquid filtered into the flask (the filtrate).


Discard the filter paper and charcoal in the solid waste receptacle.


Prepare another filter paper with the same amount of carbon. This time filter a solution made by adding two or three small crystals of potassium permanganate to 100 mL of water in a flask.


Describe the liquid filtered into the flask.


Repeat this activity using sauerkraut juice or dill pickle juice as the solution that is filtered. Is any odor present in the filtrate (or less odor than in the orig�inal juice)?


Questions


Describe the material being tested before and after filtration in each of the three activities.


How does carbon remove color from solution?


How could this process be used to provide pure water for drinking?


How does carbon remove odor from a solution?


Reaction


Charcoal acts as a decolorizing agent and as a deodorizing agent because it holds onto molecules of chemicals that are responsible for colors and odors. This process, called (adsorption, requires a large surface area. You can think of each individual piece of carbon as being like a sponge with many tiny holes. This porous structure gives carbon a very large surface that can attract and hold molecules of the substance being adsorbed. Gases as well as liquids can be adsorbed on the surface of charcoal. Charcoal probably reacts chemically with potassium permanganate, reducing the purple Mn7+ ion to the colorless Mn2+ ion.


Notes for the Teacher


Background


Charcoal is made by heating wood to a very high temperature in the absence of air. When it is heated to an even higher temperature, to about 930 °C, impurities are driven from its surface and it becomes activated charcoal, sometimes called decol�orizing coal. This activated charcoal can remove impurities in either the gaseous or liquid state from many solutions. It does so by the process of adsorption, or by attracting these molecules to its surface. In this activity students can remove the color of a solution (ink or food coloring), the purple of potassium permanganate, and the odor from sauerkraut or dill pickle juice.


Solutions And Materials


Activated carbon: This carbon is a very fine powder. Students must be careful not to spill it.


Potassium permanganate (KMnO4): Only a few crystals will be needed to prepare a deeply colored solution of this compound.


Sauerkraut juice or dill pickle juice: Obtain these from a grocery store. Students can bring samples from home.


Teaching Tips


Adsorption is often used to purify drinking water.


Adsorption on carbon is prevented if the pH of the solution is greater than 9 (quite basic).


Adsorption by charcoal is also used to remove unburned hydrocarbons from automobile exhaust, harmful gases from the air, and unwanted colors from certain products.


Students may find the difference between adsorption and absorption confusing.


ADsorption: A gas, liquid, or dissolved substance is gathered on the surface of another substance (e.g., charcoal).


ABsorption: A liquid is soaked up, as with a blotter. It is taken in completely and mixes with the absorbing material (e.g., absorbent cotton).


This activity gives students experience with filtration. They could also add the charcoal to the liquid in a flask, shake the flask, and let the charcoal settle. This process would also produce a colorless solution.


Try removing color, odor, or taste from other solutions.


You might also try adding a small amount of charcoal to a colored solution, heating it to a boil, and then filtering.


Carbon reduces the purple Mn7+ ion in permanganate to the colorless Mn2+ ion.


Answers To The Questions


In each case, the filtrate is clear and does not have the impurity (i.e., color, taste, or odor) of the original solution.


Charcoal has many small holes. This feature gives it a large surface area. This large surface area allows it to attract a large number of molecules of the impure substances.


Water is filtered through charcoal to remove impurities that would otherwise discolor and give a bad taste to drinking water.


Same as answer to number 2.


Source
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