
Car-Parrinello Simulations of
Emim-Chloroaluminate Ionic Liquids

Ionic liquids are room temperature molten salts that are widely used in catalytic industry. Typically, they are 
formed by an organic cation combined with an inorganic anion. Especially their adjustable solvent 
properties make them very attractive for chemical industry. However, many fundamental properties and 
microscopic behavior of ionic liquids are currently far from being completely understood. Theoretical 
methods can largely contribute to a better understanding.

One well suited approach is the Car-Parrinello ab initio molecular dynamics method, where the ions 
interaction is simulated by an explicit treatment of the electronic structure. Molecular dynamics (MD) is a 
form of computer simulation wherein atoms and molecules are allowed to interact for a period of time under 
known laws of physics, giving a view of the motion of the atoms. Because molecular systems generally 
consist of a vast number of particles, it is impossible to find the properties of such complex systems
analytically. MD simulation circumvents this problem by using numerical methods. 

For the investigation of ionic liquids a large number of molecules and many iteration cycles are required, 
typically in the order of 200000. For the simulation of 32 Emim+AlCl4

- pairs one must treat 768 atoms and 
1216 electronic states in each time step. Due to the huge computing requirements optimizations efforts 
were carried out in the framework of the Teraflop Workbench, a cooperation project between HLRS and 
NEC. As a result the SX-8 shows an outstanding single-processor performance over more than 10 Gflops
per CPU including I/O, clearly exceeding an efficiency of 50%. The graph shows three different problem 
cases, the smallest system contains 32 (IL-32) pairs, the larger system contains 48 (IL-48) pairs and the 
largest system 64 (IL-64) pairs. For IL-64 the sustained performance is measured with more than 4.7
Tflops which corresponds to 57% efficiency.
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Challenges in Material Science

Simulation Method

Computational Performance on the NEC SX-8 Cluster 

NEC SX-8 Cluster at HLRS (72 nodes)
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