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Synthesis of an Aqueous Ferrofluid: 
For the Instructor 

version 2.1  
 
 
KIT CONTENTS: 
 
130g FeCl3•6H2O (Ferric Chloride) 
48g FeCl2•4H2O (Ferrous Chloride) 
500 mL Ammonium Hydroxide (29%) 
125 mL Tetramethylammonium 
             Hydroxide 
500 g Citric Acid 
pH paper 
20 magnets 
SS Scoopula Spatula 
2 pks large gloves 
1 pk medium gloves 
 

40 safety glasses 
250 mL plastic bottle 
125 mL plastic bottle 
2 L plastic jug 
100 mL graduated cylinder 
9 X 10mL graduated cylinders 
~70 150 mL plastic beakers  
~120 large weigh boats 
~60 small weigh boats 
~60 pipets 
 

 
 
USE OF KIT CONTENTS: 
 
The students will use the 10 mL plastic graduated cylinders to measure the desired 
amounts of iron solutions.  You may want to label or separate them into two “stations” so 
the FeCl3 and FeCl2 do not become contaminated with each other.  Place several plastic 
pipets at each station for transfer of reagents from bottles to graduated cylinders.   
 
Each pair of students should receive three 150 mL plastic beakers, and a plastic pipet.  
One beaker will be used to contain the 40-50 mL ammonium hydroxide, the other beaker 
will contain rinse water, and the third will be used to mix the iron solutions.  If time is an 
issue, you may want to fill these for your students.  The beaker used for ammonium 
hydroxide will eventually be used to contain the discarded rinse water.   
 
Each pair of students will get a large weigh boat and at least one magnet (20 provided).  
After students add tetramethylammonium hydroxide, use of small weigh boats may help 
prevent accidental ferrofluid loss, because the ferrofluid is then water soluble.  The 
plastic pipets are graduated, so students can use them to add ~1 mL of 
tetramethylammonium hydroxide to their rinsed and decanted ferrofluid.  The easiest way 
to accomplish this addition is to have a tetramethylammonium hydroxide “station” with 
the provided 125 mL bottle and a few clean pipets used only for adding 
tetramethylammonium hydroxide.  
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SOLUTION PREPARATION: 
 
The empty 250 mL bottle will be used for the 1M FeCl3 iron solution.  The empty 125 
mL bottle will be used for the 2M FeCl2 iron solution.  To prevent oxidation of FeCl2, 
minimize exposure of FeCl2 solid and solution to air by keeping bottles capped when not 
in use.  The 2L jug will be used for the 0.5M ammonium hydroxide solutions.  Two liters 
is enough for 40 experiments.  If over 40 experiments are needed, use a larger container if 
available, or split the solution into 2 batches: preparing the second after the first is 
consumed. 
 
The Students will work in pairs, so there will be 2 students per 1 experiment.  Therefore: 
 
# of Students   =   MINIMUM # of Experiments Required 
          2 
 
For the remaining calculations, adding excess experiments (~10-20%) to the “minimum # 
of experiments required” would be a good idea, allowing for spills/ accidental overuse of 
certain reagents. 
 
1M FeCl3: 1.0813 g of FeCl3•6H2O is required for each experiment.  Therefore: 
 
# of Experiments X 1.0813  =  Grams FeCl3•6H2O Required for Teacher to Measure  
 
FeCl3•6H2O solution requires 4 mL of water per experiment.  Therefore: 
 
# of Experiments X 4  =  mL Water Required for the FeCl3 Solution 
 
2M FeCl2: 0.39762 g of FeCl2•4H2O is required for each experiment.  Therefore: 
 
# of Experiments X 0.39762  = Grams FeCl2•4H2O Required for Teacher to Measure 
 
FeCl2•4H2O solution requires 1 mL of water per experiment.  Therefore: 
 
# of Experiments X 1  =  mL Water Required for FeCl2 Solution 
 
0.5M Ammonium Hydroxide: 1.6667 mL of concentrated (29%) Ammonium 
Hydroxide is required for each experiment.  Therefore: 
 
# of Experiments X 1.6667  =  mL Concentrated Ammonium Hydroxide Required 
                                                    for Teacher to Measure 
 
0.5M Ammonium Hydroxide requires dilution for 50 mL per experiment.  Therefore: 
 
# of Experiments X 50  =  Total Volume to Dilute Concentrated Ammonium 
                                             Hydroxide (Affords 0.5M Solution)  
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ADDITIONAL INFO: 
 
After all experiments are complete, neutralize all waste with citric acid, and pour down 
the drain with plenty of water (to ensure suspended solids flush down the drain).  To 
check for neutral pH, use a piece of the pH paper provided.  The pH should be between 6 
and 10 for drain disposal.     
 
To obtain a spiking ferrofluid, it is important to have the students remove as much water 
as possible prior to the addition of the tetramethylammonium hydroxide, but not to dry 
the ferrofluid to a solid.  The ferrofluid needs to be concentrated for spiking, and once the 
tetramethylammonium hydroxide is added, the magnetite becomes water soluble, and 
ferrofluid will be lost when pouring off excess water.     
 
The overall reaction for this experiment is: 

2FeCl3 + FeCl2 + 8NH3 + 4H2O  →   Fe3O4 + 8NH4Cl 
 
The ferrofluid synthesized in this experiment is difficult/ impossible to remove from 
clothing.  It is also difficult to remove from magnets.  Students should take care to avoid 
unnecessary direct contact of the fluid with clothing and magnets.     
 
You may want to ask your students to bring magnets from home for this experiment.  
Different magnets create different field lines. 
 
Need more info on magnetism?  Here are some web sites: 

1. http://solar-center.stanford.edu/magnetism/introduction.html 
2. http://www.school-for-champions.com/science/magnetism.htm 

 
 
ANSWERS TO CRITICAL THINKING QUESTIONS: 
 

1. The ammonium hydroxide solution is added slowly to ensure nanoscale particle 
formation, rather than formation of large chunks of magnetite.  Thus, if it is added 
quickly, large chunks of magnetite will form. 

2. The magnetite is magnetic.  By placing a magnet underneath the beaker, product 
loss is easily minimized while the water is removed. 

3. Tetramethylammonium hydroxide is a stabilizing ligand that is used to keep the 
nanoparticles from sticking to each other.  That is, it adheres to the particles 
creating a net repulsion between them so the particles do not agglomerate. 

4. When the magnet is far away from the solution there is nothing interesting to see 
except a black solution.  When the magnet is brought closer to the solution then 
you see spikes corresponding to the magnetic field lines.  The stronger the field 
lines, the stronger the spikes. 

5. Oxidation states of iron are +2 and +3.  
6. 1M for FeCl3 and 2M for FeCl2. 

 
UCLA OUTREACH WEBSITE:  http://voh.chem.ucla.edu/outreach.php3 

http://solar-center.stanford.edu/magnetism/introduction.html
http://www.school-for-champions.com/science/magnetism.htm
http://voh.chem.ucla.edu/outreach.php

