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ABSTRACT 

 

We have studied a computer simulations of the surface structure and 
chemical composition in NiAl for three low index surface orientations and 
three bulk compositions. We have applied a grand canonical Monte Carlo 
method in conjuction with a embedded atom potential fit to a large 
database. We found that the chemical composition of the (110) surface is 
very close to the bulk composition. For the (100) and (111) surface 
orientations, the Al termination contains some percentage of Ni atoms in the 
form of antisites and for the (111) orientation also a significant amount of 
surface vacancies and adatoms exist. The Ni termination of both surfaces 
are unstable and transform to Al terminations. 
 
Keywords - Simulation, Surface orientation, Index, Embedded, Surface 
structure, Chemical composition, Bulk composition.      
 

 

INTRODUCTION   
   

Chambers [1] studied the chemical composition of the surface region in epitaxial 
NiAl grown on GaAs(100) at the temperature of 523k. Mullin etal [2] determined the top 
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layer of the (100) surface to contain 22-24 at, percentage of Ni at temperatures above 
1000k. Noonan etal [3] examined the composition of NiAl (111) surface at about 1000k. 
Davis etal [4] studied experimentally the effect of rippled relaxation of the NiAl(110) 
surface. Kang and Mele [5] reproduced it by first principle. Chen etal [6} made 
embedded atom calculations. Mc Carty etal [7] studied the dynamics of steps on the NiAl 
(110) surface and made very interesting observations of the vacancy generation and 
annihilation mechanism on surface. Bozzolo etal [8] performed a Monte Carlo modeling 
of the NiAl (110) surface at several descending temperatures and attempted to simulate a 
cool-down process. They observed the formation of an Al surface layer at the expense of 
Al atoms located in planes close to the surface. We have studied and found that atomic 
interactions in NiAl was modeled by an embedded-atom potential fitted to experimental 
and first principle data.   

 
METHOD     

 
NiAl was taken using a slab geometry so that (110), (100) or (111) surfaces were 

exposed to vacuum on opposing sides of the slab. Periodic boundary conditions were 
imposed in directions parallel to the surface of interest. Layers (110) of NiAl contained 
equal amount of Ni and Al atoms, both surfaces with this orientation was identical and 
had the stoichiometric composition in the initial state. The dimensions of the simulation 
block were chosen so that the repeat unit of the surface was approximately square and 
each slab contained over 1000 atoms and slabs were approximately 30Å thick. Before 
starting Monte Carlo simulations the tendency of a surface to develop compositional 
disorder was evaluated by examining the antiside formation energy inside the film as a 
function of the distance to the surface. The calculation was performed for both the NiAl 
and AlNi antisides. The formation energies of NiAl and AlNi antisides lying in the same 
plane for the (110) orientation or adjacent planes for the (100) and (111) orientations was 
also determined. 

 
RESULTS AND DISCUSSION     

 

All Monte Carlo simulations were carried out at the temperature of 1200k for 
three values of the chemical potential difference. The equilibrium bulk compositions 
corresponding to the chosen ∆µ values were determined separately. The bulk chemical 
composition of NiAl was measured by the atomic fraction of Ni atoms. The bulk 
simulations were performed under variable-volume conditions and the resultant linear 
thermal expansion factor. The decrease in the thermal expansion factor with the Ni 
concentration reflected the significant atomic size difference between Ni and Al. The 
surface simulations were performed under constant volume conditions in order to 
accelerate the computations. The windows were centred on atomic layers parallel to the 
surface and had the width of the interlayer spacing the Ni concentration in each layer was 
calculated separately for Ni and Al sublattices. All simulations were carried out in 
increments of 5 x 104 Mc steps per atom, with snapshots of the current structure taken at 
every 104 Mc steps. 
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Graph 1 shows the depth profiles of Ni concentration on the Ni and Al sublattices, 
as well as the average concentration on both sublattices. Each point of the plot 
corresponds to the average Ni concentration in one atomic layer, the result of an average 
taken over the last three increments of the simulation. The profiles show that the top 
surface layer is slightly enriched in Ni relative to the bulk for all three bulk compositions.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Graph :1- Antisite defect formation energy as a function of the distance across the NiAl 

film with three surface orientations. 
 
 
 
   
 
 
 
 
 
 
 
 
 
Graph : 2 - Calculated Ni concentration on the Ni and Al sublattices (labeled as NiNi and 

NiAl, respectively across the (100) NiAl film at 1200K for two selected bulk 
compositions). 

 

 

At the same time two to three deeper layers are slightly depleted in Ni. The 
enrichment and depletion effects cancel each other in the Gibbsian surface adsorption and 
the latter turns out to be practically zero regardness of the bulk composition. The rapid 
convergence implies a degree of structural stability inherent in the (110) surface is shown 
in graph 1. Graph 2 shows Ni concentration profiles across the (100) films calculated by 
avering over the last eight increments of the Monte Carlo process. For the strongly off 
stoichiometric bulk composition of 0.597 the surface structure was found to be 
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qualitatively the same except that it contained more NiAl antisides as well vacancies and 
adatoms arising from the Frenkel pair formation. Graph 2 shows that the obtained 
equilibrium surface concentration is very close to that of the Al termination. The Ni 
termination showed much more disorder at initial stages of the simulation and required 
over 106 Mc steps per atom to each an equilibrium. 
 

CONCLUSION     

 

In our study we found that, for the (110) surface the top surface layer is slightly 
enriched in Ni relative to the bulk compositions where as deeper layers are slightly 
depleted in Ni so that the overall Gibbsian surface adsorption is almost zero. For the 
(100) and (111) surface orientations, the Al termination is structurally stable but contains 
a certain percentage of Ni atoms depending on the bulk composition.    .      
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