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Creating and Using Magnetic 
Nanoparticles to Clean Water 
Subject Area(s) Earth & Space, Chemistry, Science & Technology (Select from TE subject areas)  

Associated Unit    

Associated Lesson   

Activity Title Creating and Using Magnetic Nanoparticles to Clean Water   
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Grade Level   11 (10-12) 

Activity Dependency  

Time Required 100 minutes 

Group Size 3-5   

Expendable Cost per Group Less than $1 per lab group 

The list only includes the chemicals that are most likely not already in the chemistry lab.  All 

equipment is re-usable so they are not included. 

 
Sodium Silicate Solution - $6 for 500 mL (good for 100 lab groups) 

Iron (III) Chloride – Hexahydrate - $21 for 500 g (good for nearly 200 lab groups) 

Iron (II) Chloride – Tetrahydrate - $26 for 100 g (good for 100 lab groups) 

Methylene Blue - $15.30 for 25 g (probably a lifetime supply, not included in expendable cost) 

Strong Magnets - $20 for 2 plastic coated bar magnets (not consumed and can be reused, not 

included in expendable cost) 

 

Summary 

Pre-lab: Introduce what nanotechnology.  Teach why water is important as a resource and water 

usage concerns such as over-usage, chemical pollution, heavy metal pollution, etc.  Give students 

the pre-lab questions as homework. 

Day 1: As a class discuss the different steps because there will be a wide variety of procedures 

created by the students.  Introduce the actual procedures to the students and have them create the 

magnetite coated with silica.  Making the magnetite does not take long but it will need to sit on 

the stir plate for an hour meaning you will have to do the second part the next day. 

Image 1 

Image file: Before_and_After 

ADA Description: A vile of dark blue water with methylene blue 

dye is on the left.  On the right is a vile of light blue water with 

magnetic nanoparticles at the bottom after it pulled out most of the 

methylene blue; this vile is sitting on a magnet. 

Source/Rights: Dahill 

Caption: Water with blue dye before and after using magnetic 

nanoparticles to clean it 

https://www.teachengineering.org/subjectareas
https://www.carolina.com/specialty-chemicals-s/sodium-silicate-solution-laboratory-grade-500-ml/891590.pr?question=sodium+silicate
https://www.carolina.com/specialty-chemicals-d-l/ferric-chloride-lump-6-hydrate-reagent-grade-500-g/862440.pr?question=iron+chloride+hexahydrate
https://www.carolina.com/browse/product-search-results?Ntt=iron+chloride+tetrahydrate&Nr=OR%28product.type%3AProduct%29&tab=p&question=iron+chloride+tetrahydrate&searchExecByFormSubmit=true
https://www.carolina.com/specialty-chemicals-m-o/methylene-blue-powder-laboratory-grade-25-g/875684.pr?question=Methylene+blue
https://www.amazon.com/Unbreakable-Plastic-Coated-Neodymium-Revitalizaire-Polypropylene/dp/B0742NW53M/ref=sr_1_17?ie=UTF8&qid=1503588462&sr=8-17&keywords=magnet+bar
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Day 2: Once the magnetite is created students will be able to use it to remove blue dye from 

water to show how it can be used to clean water.  Discuss how it can be used to clean other 

materials out of the water as well.  Explain what nanotechnology is and that everything they did 

was nanotech-engineering. 

 

Engineering Connection 
Students will be given a real-world problem of removing pollutants from water.  They will follow part of 

the procedures from a peer reviewed article on creating magnetite nanoparticles which can then be used to 

remove blue dye out of water. 

 

Engineering Category =  
Choose the category that best describes this activity’s amount/depth of engineering content:  

1. Relating science and/or math concept(s) to engineering  

 

Keywords 
Magnetic, Nanoengineering, Nanotechnology, Water, Water Pollution,  

 

Educational Standards (List 2-4) 

Source, year, standard number(s)/letter(s), grade band and text (its unique ID# is optional) 

State STEM Standards (required) – Arizona State High School Standards (Strand.Concept.PO) 

2.2.3 - Distinguish between pure and applied science. 

3.2.5 -  Evaluate methods used to manage natural resources (e.g., reintroduction of wildlife, fire 
ecology). 
6.1.5 - Describe factors that impact current and future water quantity and quality including 
surface, ground, and local water issues. 
6.1.6 - Analyze methods of reclamation and conservation of water.  
 

ITEEA Standards (required) 

Nature of Technology.1.L 

Technology and Society.4.I 

Attributes of Design.8.I 

12.L 

Other Problem Solving Approaches.10.L 

 

NGSS Standards (strongly recommended) 

 
HS-
ETS1-1. 

Analyze a major global challenge to specify qualitative and quantitative criteria and 
constraints for solutions that account for societal needs and wants. 

 
HS-
ETS1-2. 

Design a solution to a complex real-world problem by breaking it down into smaller, 
more manageable problems that can be solved through engineering. 

https://www.teachengineering.org/standards/browse
https://www.teachengineering.org/standards/iteea
https://www.teachengineering.org/standards/ngss
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HS-ESS3-
4. 

Evaluate or refine a technological solution that reduces impacts of human activities 
on natural systems. 

 

CCSS Standards (strongly recommended) 

Pre-Requisite Knowledge 

 

Learning Objectives 
After this activity, students should be able to: 

• Explain what nanotechnology is. 

• Provide examples of nanotechnology application. 

• Understand that nanotechnology can be made from macro (easily visible) materials 

•  

Materials List 
Each group needs: 

• 1 125 mL flask 

• 1 300 mL beaker 

• Stir plate and stir rod 

• Magnet 

• Graduated Cylinder – it can be used for both the HCl and the NaOH 

• Pipet – to only be used for the sodium silicate 

• 2.6g FeCl3-6H2O 

• 1g FeCl2-4H2O 

• 12.5 mL HCl 1 mol 

• 40 mL NaOH 1 mol 

• Sodium silicate 

To share with the entire class: 

• 2 L of water with 3 flakes of methylene blue in it.  Each group will need about 100 mL from this. 

 

Introduction / Motivation 
Motivation: Class should already know about nanoengineering and water as a resource.  Motivate 

students by tying the lab into local/personal issues.  The magnetite nanoparticles can be used to remove 

heavy metals which can get into water by mining and cattle farms, humic acid which can be put into the 

water by a large amount of organic materials decaying in or near water, or industrial dyes used for 

clothing and paint.  Once the student sees how they or their community can be polluting water they will 

have more interest in a possible way of cleaning the water. 

Vocabulary / Definitions 
Word Definition 

Magnetite An iron based mineral that is magnetite 

https://www.teachengineering.org/standards/commoncoremath
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Nanotechnology Technology created by manipulating of materials at an atomic level 

Nanoparticle Particles that have sides with a length of 1 to 100 nanometers (10-9 m) 
  

Procedure 
Background 

Students should have already covered water as a resource, sources of water pollution, and resource 

conservation. 

Before the Activity 

Get lab materials ready.  Students should be able to measure out correct quantities but provide small 

quantities to measure from instead of the entire bottle.  Modification: you can have the quantities pre-

measured for students. 

Have the procedures and questions already available for the students.  Modification: If you do not have 

the class do many labs with chemicals you can add proper procedure for using the equipment to this sheet. 

With the Students 

Lab procedures can be found in attached document. 

1. Students will follow the lab procedures to create nanoparticles (Day 1 lab). 

2. They will then determine what type of mineral these nanoparticles are and how to safely remove them 

(between labs). 

3. Before the start of day two, use a magnet to check how fast the particles move when a magnet is 

placed near the liquid.  It should take 3-5 minutes for the black magnetite to move toward the magnet 

and the liquid becomes clear.  If it takes longer than 5 minutes then skip the cleaning step; students 

won’t have time to clean and use the blue dye if the magnetite is weak. 

4. Students will clean the nanoparticles and then use them to clean water with blue dye in it (Day 2 lab).  

Can skip the cleaning if there is not enough time but the “clean water” will take on a dirty brown 

color. 

5. Post lab – discuss other types of pollutions such as heavy metals and humic acid and how the same 

nanoparticles, when properly prepared, could also remove these.  Show the youtube video 

(https://www.youtube.com/watch?v=4hhhBLWFryo) of how it looks with the final product so all 

groups can see what it should have looked like.  Highlight that what the students did the past two days 

was nanoengineering. 

Cleaning the Lab 

1. All liquids should be put into a chemical disposal container.  Since the liquids are mostly water, 

most of it will evaporate out if you leave the lid off of the container; there are no harmful gases 

but it is still best to keep it under a fume hood. 

2. Flasks used to make the magnetite should be thoroughly rinsed out and then soak in vinegar 

overnight.  Some staining may result from this lab but it should be minor. 

3. Left over salts and disposable pipets can be safely thrown away. 

 

Image Insert Image # or Figure # here (use Figure # if referenced in text) 

 

 

 

 

 

 

 

 

Figure 1 

Image file: Magnetite 

ADA Description: A flask with a black liquid in it. 

Source/Rights: © Dahill 

Caption: Figure 1. If done correctly, the magnetite nanoparticles 

should take on a dark black color. 

https://www.youtube.com/watch?v=4hhhBLWFryo
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Attachments 
 

 

 

 

 

 

 

 

Safety Issues 

• Proper chemistry lab safety should be used.  The acids and bases can harm skin upon contact.  There 

will be no harmful outputs (gases, odors, bubbling/exploding) to be concerned with. 

• The solution produced should be put into a chemical disposal container, it can safely be mixed with 

weak bases. 

• The magnetite should also be put in a chemical disposal container, it can safely be put in the same 

container as the solution. 

Troubleshooting Tips 
-Check the pH, it should be between 9-11 but has succeeded as high as 12.5. 

-The original procedures used double the quantity of salts, silicate, and hydrochloric acid and did 

not specify the amount of NaOH but provided the end pH level the mixture should be at.  You 

can try at these quantities and then from there try scaling back. 

Investigating Questions 
 

Assessment 

Pre-Activity Assessment  

Descriptive Title: Lab Procedures and Questions 

Activity Embedded Assessment 

Descriptive Title: Lab Procedures and Questions 

Post-Activity Assessment 

Descriptive Title: Lab Procedures and Questions 

Activity Extensions 
 

Activity Scaling 

• For lower grades, 10 

• For higher grades, 12 

Additional Multimedia Support 

A video showing the magnetite after following the entire procedure in the article is used to clean water the 

same way as the students.  This can be used for students who are absent on day two or to show all 

students how the finalized product would look and behave. 

Figure 2 

Image file: Magnetite in water with magnet 

ADA Description: A beaker with the blue dye water and unclean 

magnetite combined.  A magnet on the side has created two 

different layers that are separating at an angle: the bottom layer has 

the magnetite in it, the top layer has some chemicals that were not 

washed out creating a light brown color. 

Source/Rights: © Dahill 

Caption: Figure 2.  A magnet on the side of the magnetite and 

water creates a noticeable difference in liquids as the magnetite is 

pulled towards the magnet. 
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https://www.youtube.com/watch?v=4hhhBLWFryo 

Here is a news report that explains some uses for the magnetite nanoparticles. 

https://www.youtube.com/watch?v=8vALlMMmQzY&t=5s 
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Classroom Testing Information 
An end of the unit exam was given to the students.  The information covered in this unit included ground 

water, surface water, natural resources, and nanoengineering.  The exam was mostly multiple choice with 

a few short answer questions.  It was given to 5 classes of 30-35 students, of mostly juniors, in beginning 

of November. 

https://www.youtube.com/watch?v=4hhhBLWFryo
https://www.youtube.com/watch?v=8vALlMMmQzY&t=5s


Using Nanotechnology to Clean Water 

Pre-lab 

1.  What are some major sources for water contamination within the state? 

 

 

2. What methods do you think we could use to clean the water? 

 

 

 

3. What is nanotechnology? 

 

 

 

Materials List 
Each group needs: 

• 125 mL flask 

• 250 mL beaker 

• Stir plate and stir rod 

• Pipet 

• Graduated Cylinder 

• Scale 

• Magnet 

• 2.6g FeCl3-6H2O    Ferric Chloride (yellow salt) 

• 1g FeCl2-4H2O      Ferrous Chloride (green salt) 

• 12.5 mL HCl (1 M) Hydrochloric Acid 

• 40 mL NaOH (1M)  Sodium Hydroxide 

• 5 mL Sodium Silicate

 

 

Procedures: 

Day 1 

1. Measure out the correct amount of FeCl3-6H2O and FeCl2-4H2O and put them into a flask. 
2. Pour the HCl into the same flask. 
3. Put in a stir rod and put the flask on a stir plate.  Have the rod slowly stir the contents of the 

flask, set it to around 3.  Make observations on what is happening within the flask. 
4. Once the salts have completely dissolved, slowly add the NaOH until it is all in the flask.  Make 

more observations of what is happening in the flask. 
5. Use a pipet to slowly add sodium silicate to the mixture and let it mix for an hour.  Do not put 

the sodium silicate in the same graduated cylinder as the other liquids. 
6. Clean up: 

a. Make sure all spills are wiped down and the counter is dry. 
b. Use water to rinse out the graduated cylinder several times. 



c. Use a dry paper towel to wipe off anything that was used for the salts. 
7. Answer the mid-lab questions. 

 

How to use equipment: 

Measuring with a Graduated Cylinder   TARE will set the current reading equal to 0.00  

 

Mid-lab 

4. Describe the evidence of chemical reactions (new substance is being created) occurring while 

creating the mineral. 

 

 

 

5. What mineral do you think you created?  Hint: use the colors you saw in the solution and the 

formula for the two salts and the textbook, page. 

 

 

 

6. How do you think it will clean contaminates out of water? 

 

 

 

7. How will you remove the mineral and contaminates from the water? 

 

  



Day 2 

1. Find a way to safely prevent the magnetite from moving within the liquid.  It might require you 
to wait a couple of minutes for the magnetite to settle first. 

2. Slowly pour the liquid out into the sink. 
3. Slowly add water to the flask and stir to rinse the magnetite off. 
4. Repeat steps 1-3 two more times.  Once you are done, there should be little to no water in the 

flask. 
5. Get a beaker with some blue dye in it.  Add the magnetite to the beaker. 
6. Use a stirring rod to stir the magnetite in the water.   
7. Remove the magnetite from the water and make observations of what is happening to the 

water. 
8. Clean up: 

a. Gently swirl the beaker to get the contents mixed into the water. 
b. Poor the water into the disposal beaker 
c. Use the soap at your station to clean the supplies 

9. Answer the post-lab questions. 
 

Post-lab 

8. Describe some locations or scenarios where this form of water purification could be used. 

 

 

 

9. How is what you did a form of nanoengineering? 

 

 

 

10. What fields of science seem important for nanoengineering? 

 

 

11. How is what you did a form of environmental engineering? 

 

 

 

12. What fields of science seem important for environmental engineering? 

  



Answer key: 

1.  Answers will vary state to state.  Arizona: acid mine runoff is the largest source for water 

contamination. 

2. This question is to gage what students know about water purification.  Answers will vary but 

may include: 

• Distillation/boiling 

• Use of other chemicals 

• Filters 

• Reverse Osmosis 

3. Nanotech Engineering is the manipulation of particles at an atomic level to create functional 

tools. 

4. Change of color (clear redblack).  Precipitates formed (depending on time students may not 

see this until the next day), flask gets warm 

5. Magnetite 

6. Magnetite is magnetic so it attracts other metals to it.  The silica coating causes other 

contaminants to stick to it. 

7. Use a magnet. 

8. Answers will vary but should include removing dyes such as near a textile mill, removing heavy 

metals from the water such as near mines.  If students do research they will also find that it 

works to remove humic acid where a lot of biological organisms decay near water. 

9. Created nanoparticles for a purpose. 

10. Chemistry should be the easy answer for students.  Physics would also be important. 

11. Cleaning water has a huge environmental impact by removing pollution from it. 

12. Environmental Science, Earth Science (can be more specific to geology, hydrology, and 

atmospheric science), Chemistry, Biology 


	Chay DunHill - Creating and Using Magnetic Naoparticles to Clean Water
	Chay DunHill - Lab questions

