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Task III – Structure and Properties of Nanocrystalline Materials  
 
We will generate a nanocrystalline material using MD simulation. This has first been done by 
the group of D. Wolf (S. Phillpot, D. Wolf, H. Gleiter, Journal of  Applied Physics vol.  78, 
p.847 (1995) ). The idea is to use heterogeneous nucleation and growth of crystals in an 
undercooled melt. The nuclei are small crystals ("seeds") which are introduced into an 
undercooled liquid; these seed crystals will induce crystal growth. By introducing several 
seed crystals at the same time, growth will start from different locations resulting in a 
polycrystal with nanometer grain size, i.e. a nanocrystal. After relaxation of the system for 
sufficiently long time, representative properties of nanocrystalline materials can be measured. 
 
Since our computational resources are limited (both in time and storage space), we will look 
at the procedure using a small system. The suggestion is to use a 4000 atom liquid and 
combine it with two seed crystals, then start relaxation and look at the resulting structure 
(gnuplot, structure factor). If you have enough time, you can also use a  larger system with 
more (3-4) seed crystals. 
 
To achieve this, the following steps are necessary: 
- generate an undercooled liquid (minimum size 4000 atom)   
- insert 2 -  4 seed crystals 
- relax the combined system (requires some time) 
 
Step 1: Generate undercooled liquid (example for 4000 atoms) 
 
- use an mdinput file like this: 
 
liquid 
liquid 
1800 
1.37E-020 19.6E-020 10.96 2.278 2.556E-10  
4000 5.0E-10 6.0E-10 
0.064  
44.0e-10 1e7 100000 
1e-15 
10 200 1 
Y 
10 
 
The run will be much slower than for the 500 atom systems due to the larger number of 
atoms. Note the change of the cell wall mass, number of unit cells and number of atoms. The 
result will stored in liquid1. Now quench that to T = 800K: 
 
liquid1 
liquidc 
800 
1.37E-020 19.6E-020 10.96 2.278 2.556E-10   
4000 5.0E-10 6.0E-10 
0.064  
44.0e-10 1e7 100000 
1e-15 
10 200 1 
N 
10 
 
Now you should have a quenched liquid at T=800K in the file liquidc1. The seed crystal 
structure is in the file testseed (download as usual); the seed crystal contains 640 atoms, you 
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can check its structure using gnuplot (note that its coordinates are centered around (0,0,0), so 
use e.g.  splot [-2e-9:2e-9][-2e-9:2e-9][-2e-9:2e-9] "testseed" using 1:2:3   for plotting !  
 
Step 2: Introduce nuclei (seed crystals) 
 
Now we have to introduce the seed crystals into the structure. This is done by the merge 
program (download and compile it first). It is started by typing "merge"; you are asked for the 
file name of the coordinate file 1 (your relaxed liquid) and the file 2 (testseed). Then, you 
should give the translation vector ( 3 components) and rotation angles (4 angles required, 
input seperated by blank spaces). The translation occurs from the old center (0,0,0) to a new 
seed crystal center; you are free to choose that  ; check the actual size of your liquid cell. 
Rotations (in degrees) can be arbitrarily chosen. 
 
Next you are asked for an overlap cutoff radius; this is used to remove overlapping atoms of 
the liquid; 2.0e-10 is a good choice. Finally, the merge program will output a new 
configuration named "nanokonf" which contains both the seed crystal and the remaining (non-
overlapping) liquid atoms. 
 
Repeat this procedure to introduce more seed crystal; now you should give "nanokonf" as the 
first file name and again "testseed" as the second one. Choose new translation and rotation 
values ! Investigate the structure with gnuplot (splot command). 
 
Step 3: Relaxation to lower energy   
 
If you are finished setting up the structure, start the relaxation with a new mdinput file.  
A good result may be obtained at 800K , you may use ambient pressure or high pressure (e.g. 
100 kbar = 10e10 Pa); however, depending on the number of atoms it will require a different 
time. You should relax at least for some ps (it is advisable to measure the “speed” of the 
simulation first with a “short” run before doing a “long” one). Depending on the time left, you 
may increase the run time in a successive run.  
 
Calculate the XRD pattern using intcalc and compare it with the diffraction pattern of the 
perfect crystal at the same temperature. Discuss the Bragg peak intensities, width and 
positions of the relaxed nanomaterials in comparison with an ideal fcc crystal (ideally you 
should generate a fcc structure with a similar number of atoms, and calculate the XRD pattern 
for comparison).  
 
Compare the average energy per atom Enano of the more or less relaxed  nanostructured 
material obtained in this way with the energy per atom Eideal of the perfect crystal (at the same 
T and p !). Estimate an average grain volume of your material by dividing the total volume of 
the cell by the number of crystals, and calculate an equivalent average grain size D by 
assuming spherical grains. Use this value to estimate the grain boundary energy per unit area γ 
(in J/m2) from the energy density difference between nanostructure and perfect crystal using 
the formula Egb = [(Enano – Eideal )· N]/V= 3γ /D for the grain boundary energy density 
contribution (N is the actual number of atoms in your relaxed nanostructured material as 
given in the first line of the coordinates file, V is the simulation cell volume). Compare the 
result with the values for high angle grain boundary in Cu of 1-1.2 J/m2 (see Materials 
Science I lecture). 


