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Overview 
This activity will use chemical engineering to create an amazing polymer – calcium 
alginate beads – to design medicine for the brain.  This involves an interesting 
discussion of biochemistry, polymers and gels, biological engineering, pharmaceuticals, 
food chemistry and density. 
 
Topic (s) Chemistry, human brain, medications, states of 

matter, polymers, gel 
Grade Level 6-10 
Cost (per student) $0.10 per student 
Time (preparation and activity) 1 hour prep; 0.5-1 hour activity 
Complexity  Medium difficulty 
 
Curriculum Links – from Revised 2007/2008 Ontario Curriculum 

Matter & Energy: Grade 5 – Properties & Changes in Matter 
 2.3 use scientific inquiry/experimentation skills to investigate changes of state 

and changes in matter 
 
Matter & Energy: Grade 7 – Pure Substances & Mixtures 
 2.2 use scientific inquiry/experimentation skills (see page 12) to investigate 

factors (e.g., temperature, type of solute or solvent, particle size, stirring) 
that affect the solubility of a substance and the rate at which substances dissolve 

 
Chemistry: Grade 12U – Organic Chemistry 
 B1.1 assess the impact on human health, society, and the environment of 

organic compounds used in everyday life (e.g., polymers, nutritional 
supplements, food additives, pharmaceuticals, pesticides) [AI, C] 

 
Theory & Background Information (for leaders) 
Polymers are materials composed of long chains of monomers.  These chains can be 
cross-linked through chemical reactions or heat (as in gelatin) to obtain a new form 
which is like a sheet of polymers (a mesh).  This often takes the form of a gel – an 
intermediate state with some liquid and some solid properties. 

Gel beads like the ones designed in this experiment are used in food products as well 
as to encapsulate cells and medications to treat illnesses (i.e. they have been used in 
an experimental prosthetic pancreas for a potential diabetes treatment).  Medications or 
cells encapsulated in alginate beads could also have the ability to cross the blood-brain 
barrier, and treat brain degeneration or other diseases that cannot currently be treated.  
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Materials (per student) 
 1 film canister (or similar plastic storage container) with lid 
Materials (for the class) 
 calcium chloride (~ 2 g per class of 10-15) 
 alginate solution kept in secure glass containers (composed of 2 g sodium alginate 

powder to 100 mL water, food colouring), stir very well until smooth 
 4 beakers (150-250 mL) 
 8 syringes or droppers: 4 for distributing CaCl, 4 for adding dropwise alginate 
 stir sticks 
 tap water 
 
Procedure: 

Preparations 
1. The sodium alginate solution should be pre-made (as above).  It should be well-

mixed.  Add food colouring to the alginate to make it more exciting. 
2. Measure out the dry calcium chloride pellets into quantities of 2g.  Seal each 2g 

specimen in a vial or film canister, and make sure it is well labeled. 
 

Activity: 
 Discuss background on states of matter: 

- the three main states are: solid, liquid and gas 
- phase changes are involve a conversion from one state to another, and these 

transitions are called melting, boiling (evaporation), condensation, freezing and 
sublimation.  The following diagram illustrates the changes in phase: 

 
- some in-between states exist; one of which is a gel, a jelly-like substance that 

can be hard and tough or soft and weak 

sublimation 

sublimation 

SOLID LIQUID GAS 

melting evaporation 

freezing condensation 



Alginate Beads – Medicine for the Body 

Page 3 
CWSE- ON Activities 2009 

 A polymer is a grouping of many similar molecules (monomers) that are joined in 
a long chain.  Polymers are often found in biological materials (made by living 
things) such as algae.  In this project, we are using sodium alginate (a salt 
extracted from algae), but other forms are carrageen, xanthan gum and gelann 
gum.  Plastics are also polymers. 

 A gel is formed from the cross-linking of polymers and is unique in that it has 
properties of both a solid and a liquid.  This occurs when all the strands (chains) 
of the polymer are joined together.   

o Example: JELLO uses heat to crosslink gelatin 

1 
 

 Introduce the idea of medicines (use the “Alginate Beads” PowerPoint slideshow if 
desired): 

o Have students brainstorm types of medications (i.e. chewable vitamin tablets, 
Tylenol pills, vaccines injected with a needle, liquid cough syrup) 

o Explain that some types of diseases of the brain are hard to treat since 
medication and implants of healthy cells cannot regularly cross the blood-
brain barrier, which protects the brain from toxins that enter the body. 

o Tell students that some biological engineers and scientists have been able to 
create polymer beads out of biological materials (like algae) that might have 
the potential to trap (encapsulate) medications, allowing them to cross the 
barrier and treat illnesses of the brain more effectively 

 Discuss solutions: 
o Explain that a solution is composed of two parts: the solute (the part that 

dissolves in the solution) and the solvent.  In this case, water is the solvent 
and calcium chloride is the solute.  Water is known as the “universal solvent” 
since it is capable of dissolving many different materials. 

 Make the polymer beads: 
1. Show the students how you make the calcium chloride solution in a beaker by 

adding 2 g of calcium chloride (from a film canister) to 100 mL of water.  Be 
cautious in this step about creating the solution in a clean way, ensuring all the 
salt is dissolved. Use a stir stick to help dissolve the solute. 

2. Allow each student to add 5 mL of the calcium chloride solution to his/her film 
canister using a syringe. 

                                                 
1 (Source: http://engr.oregonstate.edu/momentum/k12/feb05/) 
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3. Have students add 1 mL of alginate solution (colour of their choice) to the 
calcium chloride solution in a drop-wise manner.  The polymers are now 
beginning to cross-link on contact, forming gel-like beads. 

4. Carefully strain the liquid from the canisters, keeping the beads inside. 
5. Rinse the beads well with water, being sure not to dump them out. 
6. Sodium alginate should be kept in the fridge, while calcium chloride can be 

stored indefinitely.  Both can be disposed of down the sink with plenty of water. 
7. Inform students that alginate beads like these are used in scientific study to trap 

and secure cells of living things for storage or to create medicines that can treat 
different diseases.   

 
Activity Modifications and Extensions 

o Older students can research different types of medicine, how they are made and 
the methods by which they are administered to patients.   

o Another project involves research on the artificial pancreas using gel beads – 
students can research pancreatic function, diabetes and the application of the 
alginate beads.  See http://engr.oregonstate.edu/momentum/k12/feb05/.   

o Polymers activity can lead to a discussion of plastics, including those made from 
plant or animal materials (bioplastics) 
 Explain bioplastics:  

The desire to produce plastics from plant material has led scientists and 
engineers to design bioplastics.  Many are made from soy oil (instead of 
petroleum oil) and can be designed to have the same or very similar 
properties to traditional plastics.  As well, some of these plastics are 
biodegradable, meaning that they can be broken down by microorganisms 
that reduce them to minerals in the soil.  Some of the plastics are made so 
that they won’t biodegrade easily, or only at a very high temperature, i.e. 
for long-term use. 

 The BioCar project is working to replace as many parts of a car with 
plant-based materials as possible. I.e. corn starch in the tires, soy foams 
for seat backs, headrests and armrests, soy plastics in the bumper.  One 
of the challenges they face is making the bioplastics match industry 
standards. 

 
Safety Considerations  

o When preparing the project, caution should be taken while making up chemical 
solutions.  While the final result is non-toxic, the solutions should be made 
carefully.  Students MAY NOT touch the calcium chloride (leaders prepare this 
solution), and cannot drink the solution in the film canisters.  Encourage students 
to wash their hands after creating the beads, and after each time they play with 
the alginate beads. 

 
o Calcium chloride is an irritant if inhaled or ingested in solid form.  In accordance 

with MSDS, all such contact should be avoided prior to the reaction.  Below is the 
MSDS information for calcium chloride: 

 
Effects of Exposure:  
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MAY BE HARMFUL BY INHALATION, INGESTED/SKIN ABSORPTION. 
EYES/SKIN: IRRITATION.  
INHALATION: IRRITATING TO MUCOUS MEMBRANES & UPPER RESPIRATORY TRACT. 
Explanation Of Carcinogenicity: NONE 
Signs And Symptoms Of Overexposure: IRRITATION. 
First Aid:  
EYES: IMMEDIATELY FLUSH W/COPIOUS AMOUNTS OF WATER FOR 15 MINS. 
SKIN: IMMEDIATELY WASH W/SOAP & COPIOUS AMOUNTS OF WATER. INHALATION: REMOVE 
TO FRESH AIR. GIVE CPR/OXYGEN IF NEEDED. INGESTION: WASH OUT MOUTH W/WATER IF 
CONSCIOUS. OBTAIN MEDICAL ATTENTION IN ALL CASES. 
 

o Sodium alginate is a food-grade product and is safe for use.  However, spills 
must be cleaned up immediately as they are slippery.    

 
Templates 
Use the “Medicine for the Body” PowerPoint to explain to students how different types of 
medicine are used to treat different diseases, and how biological engineers and 
chemical engineers are working to produce medicines that might someday treat brain 
degeneration. 
 
Resources 
2004 Matter and Materials Workshops, Science Quest, Queen’s University, Kingston 
Mikey G. Hull and Kyla Sask. 
 
Oregon State University’s Dr. Skip Rochefort’s Gel/Polymer Activity: 
http://engr.oregonstate.edu/momentum/k12/feb05/ 
 
BioCar Project – Bioproducts at the University of Guelph 
http://www.bioproductsatguelph.ca/projects/biocar.html 
 
Ciofani, Gianni, Vittoria Raffa, Tommaso Pizzorusso, Arianna Menciassi & Paolo Dario. 
"Characterization of an alginate-based drug delivery system for neurological 
applications." Medical Engineering & Physics 30(2008): 848-55. 
 
Microencapsulation in Alginate Beads 
http://parts.mit.edu/igem07/index.php/Boston_University/Microencapsulation 
 
Alginate Beads used in Bone Grafts 
http://www.nist.gov/public_affairs/techbeat/tb2006_0413.htm 
 


