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Reality Check
• Model all water molecules in one drop of H2O

– Initial conditions:
• Must know coordinates of each atom
• How many coordinates is this?
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Reality Check - continued
• Assume machine can read in coordinates at 

the maximum processor speed (3 GHz)
• Time to initialize atomic coordinates:

• Using fastest supercomputer (BlueGene/L) at 
281teraflops;  Time ≈ 1.7yr

• NCSA machine @100petaflops; T ≈ 1.7 days
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Desktop Comp. Chemistry
• What can be done on a desktop?

– Use WebMO as the tool
– Look at water and some small clusters (Handout)

• Static, small, gas phase clusters are doable
– PM3 gives decent bond distances

• PM3 calc. time scales as N2-N4 (N= # or orbitals)
– Higher level of theory (B3LYP/3-21G) calculation 

on water dimer took 87 seconds
• Gives better energy values
• DFT calc/ time scales as N3



Molecular Dynamics
• What if we want to observe motion?
• Simple approaches:

– Phase diagram of water
– Autoionization
– Geometry optimization, small cluster

• Use calculations (2D):  Molecular Workbench
– Hydrogen bonds in water
– Ion-dipole forces
– Dissolving salt in water
– Hydrophobicity and hydrophilicity

http://titanium.fullerton.edu/shock/PHASED.htmi
http://titanium.fullerton.edu/shock/WATER.htm
http://molvis.sdsc.edu/atlas/morphs/water10/water10r.htm


Molecular Dynamics - continued
• Can we do 3D on a desktop machine?

– Odyssey Demo
• Ice melting (Screen 3)
• NaCl crystal (Screen 5)
• Ion-dipole interaction (Screen 6)
• NaCl dissolution (Screen 1)
• Polar vs. nonpolar solutes (Screen 7)
• Build your own? (Screen 8)

– For a limited number of small molecules, we can 
do some molecular dynamics on a desktop



Beyond the Desktop
• Need more computational horsepower

– More accurate calculations in reasonable time
– Larger molecules
– Molecular dynamics in biochemical systems

• Computational Chemistry Grid
– Client application is GridChem

• Java desktop application
– Provides interface to integrate hardware, software, 

and middleware resources necessary to solve 
quantum chemistry problems using grid technologies 



GridChem



Supercomputing
• Examples:

– Ice melting
– Octane and water
– NaCl in octane
– NaCl in water
– NaCl in water (water not shown)
– Water in a carbon nanotube
– Micelle assembly of octanoate in pentane (pentane 

not shown)

http://kermit.beckman.uiuc.edu/ICLCS/animations/ice_melting.anim.html
http://kermit.beckman.uiuc.edu/ICLCS/animations/oct_wat.mix.sys.html
http://kermit.beckman.uiuc.edu/ICLCS/animations/nacl_oct.2ns.dt=10ps.html
http://kermit.beckman.uiuc.edu/ICLCS/animations/nacl.prep1b.withH2O.2ns.dt=20ps.html
http://kermit.beckman.uiuc.edu/ICLCS/animations/nacl.prep1b.noH2O.2ns.dt=10ps.html
http://kermit.beckman.uiuc.edu/ICLCS/animations/nanotube.html
http://kermit.beckman.uiuc.edu/ICLCS/animations/micelle.html
http://kermit.beckman.uiuc.edu/ICLCS/animations/micelle.html
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