
Practical 1

Superparamagnetism
In this practical we will explore the concept 
of ‘superparamagnetism’. Small grains of 
magnetite can be considered as tiny bar 
magnets: each one is associated with a 
magnetic moment that points in a particular 
direction. If the particles are sufficiently 
small (i.e. diameters less than ~ 30 nm for 
magnetite at room temperature) thermal 
energy causes the magnetic moment of each 
particle to constantly change direction. The 
moments can be considered as freely-rotating 
vectors (represented by the red cones in the 
figure to the right). In the absence of a 
magnetic field, the average magnetic 
moment of an assemblage of particles is 
zero. The application of a magnetic field 
forces the moments to align. However, this 
alignment is opposed by the thermal 
fluctuations.

The practical is in two parts. In part I we will use some computer simulation software to explore the 
concept of superparamagnetism and how the magnetic moment of an assemblage of 
superparamagnetic grains varies with temperature and applied field. In part II we will examine some 
experimental data for magnetite nanoparticles stuck to clay surfaces, and use the theoretical 
expressions for superparamagnetism to determine the average size of the magnetic particles.

Part I

Computer simulation of superparamagnetism
a. You are provided with a file “Superparamagnetism.pxp”. Double click the file to open up the 

computer simulation (it runs in the software package Igor Pro). The simulation shows a 
collection of spherical isotropic particles. To run the simulation type the following command 
into the command window at the bottom of the screen and press return:  
 
Perform_Monte_Carlo("222",1000,100,1,0.1,0,0,0)  
 
As the simulation runs, the x, y, and z components of net magnetisation are plotted in the three 
graph windows.

The simulation works by choosing a particle at random and then rotating its magnetic moment 
through a randomly chosen angle about a randomly chosen axis. After each rotation, the program 
calculates whether the energy of the system has gone up or down. This energy change, E, is 
determined by the orientation of the moment with respect to the applied field via the equation E = - 
μ0M.H. If the energy goes down, that rotation step is accepted. If the energy goes up the rotation is 



accepted with a probability given by exp(-E/T), where E is the energy change and T is the 
temperature. 

The parameters of the simulation are as follows:

“222” = describes the size of the simulation (i.e. number of particles). Do NOT change.

1000 = Number of steps performed before the screen is updated. Do NOT change.

100 = Number of times the 1000 steps are repeated. Do NOT change.
 
1 = Temperature (in strange ‘simulation’ units…)

0.1 = Limits the range of the randomly chosen angle to within 0.1 * 360°. Do NOT change.

0,0,0 = x,y, and z components of applied field.

b. Spend a few minutes playing around with the temperature and field parameters (try varying the 
temperature and field values between 0 and 10), and then provide qualitative answers to the 
following questions: 

b.1. What is the magnetisation in zero applied field?
b.2. What field is required to force all the moments into perfect alignment (saturation)?
b.3. How does this saturation field vary with temperature?  

c. To obtain a more systematic idea of how the magnetic moment varies with applied field run the 
following command:  
 
do_lots(0,10,1)  
 
This will run a series of simulations varying the field from 0 to 10 in steps of 1, and store the 
results in a table for plotting.  

d. After the simulation has run, go to the Windows:Graph Macros menu, and choose the option 
“Moment_vs_Field”. This should bring up a graph with the results.  

e. Theoretically, this curve should correspond to a Langevin function M/Ms = coth(x) - 1/x, where 
x is the applied field (all other constants have been assumed to be 1 in this simulation). To test 
this type the following commands:  
 
make/o/n=100 mytest  
setscale/i x 0,10,mytest  
mytest=langevin(x)  
append mytest 

f. To obtain a more systematic idea of how the magnetic moment varies with temperature run the 
following command (note the change from do_lots to do_lots2): 
 
do_lots2(0.5,5,0.5)  



g. Theoretically, this curve should correspond to the Curie law Susceptibility = 1/(3T) (again all 
other constant are assumed to be 1). To test this type the following command:  

h. mytest=susceptibility(x)  

Part II

Experimental Data for Superparamagnetic Magnetite
You are provided with a second Igor file “Superparamagnetic Data.pxp”. Double click this file to 
load it. The data show an experimental measurement of magnetisation versus field for a sample of 

superparamagnetic magnetite. The sample consists of magnetite nanoparticles adhered to the 
surface of clay particles. The figure below shows an electron tomographic reconstruction of one of 
these clay particles, which was used to generate a histogram of particle radii.

a. Go to the Windows menu and select the “Procedure Window”. This will bring up a window 
containing a number of user defined functions.  

b. Examine the function langevin(w,x). Compare the form of this function with the equations in 
the lecture notes, and satisfy yourself that it of the same form. When the function is called, the 
user specifies the name of a coefficient wave that stores two variables. Inside the function this 
coefficient wave is called ‘w’. The first point in it w[0] stores the saturation value of the 
magnetic moment. The second point w[1] stores the particle radius (in metres!).  

c. Close the procedure window, In the table labelled ‘coef’, enter sensible starting values for the 
saturation magnetisation and particle radius. Create a test wave ‘mytest’ as in Part I with 100 
points in it. Set the x scale of the mytest wave to sensible values. Then type:  
 
mytest:=langevin(coef,x) (note the colon inbetween mytest and the = sign!)  
 
Click on the graph of moment vs field and then type:  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append mytest 

d. Play around with the values of saturation magnetisation and particle radius in the coef wave, 
and see how the langevin function changes.  

e. When you have settled on reasonable values, remove the mytest wave from the graph (go to the 
Graph menu and select ‘Remove from graph’).  

f. To determine the optimum value of particle radius we can do a curve fit. Go to the Analysis 
menu and choose ‘Curve fitting’.  

f.1. In the ‘Function and Data’ tab choose ‘langevin’ from the function list. Choose ‘Moment’ 
from the y data list and ‘Field’ from the x data list.

f.2. In the Coefficients tab choose ‘coef’ from the coefficient wave list.
f.3. In the Output Options tab choose ‘auto’ from the Destination list and click on the ‘x-

range full width of graph’ option.
f.4. Press Do It!
f.5. You should now see the results of the curve fit.  

g. The fit to the data is good, but not perfect, as we have so far assumed all particles to have the 
same size. We will now use a version of the langevin function that accounts for a Gaussian 
distribution of particle sizes to fit the data.  

h. Add one extra point to the coef wave with a value of 2e-9. This will represent the standard 
deviation of the particle radii.  

i. Type: 
 
fit_moment:=langevin2(coef,x)  

j. Play around with the coef values to get sensible starting values.  

k. Perform a new curve fit to the data using the langevin2 function.  

l. To compare the resulting size distribution with the tomography results type in the following 
commands: 
 
make/n=100 myresult  
setscale/i x 1.5e-9,25e-9,myresult  
myresult=gauss(x,coef[1],coef[2])  
 
click on the histogram graph and then type:  
 
append/r myresult  

m. The results are remarkably close to the direct observations. Can you think of reasons for any 
discrepancies?


