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Molecular Structure/Function 
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 Structure Determines Function. 

 

 Geometry Determines Structure. 

 

 Organic and Inorganic… 

 

 No Theory/Tool Yet. 



Contents 
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 Voronoi Diagram +  

 

 Applications 

 

MG (Molecular Geometry) and        

MGOS (MG Operating System) 



VORONOI DIAGRAM 



Wall : the edge of Voronoi Diagram 

Cell : the Voronoi Region 

Voronoi Diagrams in Nature 
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Easily Solved Problems Using VD(P)  

 Convex hull 
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Voronoi Diagram of Circles 
(Additively-weighted VD) 
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Applications of VD(C) 
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Voronoi Diagram of Spheres 
(Additively-weighted VD) 
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APPLICATIONS 



Connolly Surface 

(Pentium IV, 3.2 GHz, 1 GB RAM) 
(1ous; Realtime computation and visualization) 
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Comparison: RasMol vs. BetaMol 

Molecular surface from RasMol (v2.7.3) Molecular surface from BetaMol 
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Geometric Questions: 
 Surfaces and Voids 
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Ferritin  
(1MFR, #atom: 32,952) 

BetaVoid 
(http://voronoi.hanyang.ac.kr/software.htm) 

15 



Cavity in Amorphous Material 
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Metal Organic Framework (MOF) 

 Applications 

– adsorption  

– energy storage 

– membrane, etc. 
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 Other new materials 

– Li-ion battery 

– Membrane 

– Fuel cell 

– OLED 

– Conducting polymer 

– Etc.  

 Critical Geometric Features 

– Tunnel 

– Pore (Void) 



Tunnels in proteins 

 Carbonic anhydrase XII (PDB ID: 1jd0 , #atom: 8142, #residue: 253)  
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Volume and Boundary Area 

  Tyrosine Kinase(1XBA) 

# of Atoms 2068 

(Intel Core2 Duo, 3.0GHz, 3GB RAM) 

vdw Area(Å 2) 26968.48 

(time:sec) 0.031 

vdw Vol.(Å 3) 22551.84 

(time:sec) 0.016 

VD 
(time:sec) 1.547 

QT & BC  
(time:sec) 

0.922 Tyrosine Kinase(1XBA) + Gleevec  
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MG / MGOS 
PARADIGM 



Molecular Geometry: New Discipline 
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#include "MolecularGeometry.h" 
using namespace MGOS; 
 
int main(int argc, char* argv[]) 
{ 
    string pdbFilename = argv[1]; 
 
    MolecularGeometry MG; 
    MG.loadPDB( pdbFilename ); 
    MG.preprocess(); 
 
   // For van-der Waals model 
    cout << "# boundary atoms on van-der Waals model : "  
           << MG.countNumberOfVDWaalsBoundaryAtoms() << endl << endl; 
 
    MolecularMassProperty vdWMass = MG.computeVDWaalsVolumeAndArea(); 
 
    cout << "vdW volume       : " << vdWMass.getVolume() << endl; 
    cout << "vdW area         : "   << vdWMass.getArea()     << endl << endl; 
 
    // For Lee-Richards model 
    double water = 1.4; 
    cout << "# boundary atoms on LR model: "  
           << MG.countNumberOfLeeRichardsBoundaryAtoms(water) << endl << endl; 
 
    MolecularMassProperty LRMass  = MG.computeLeeRichardsVolumeAndArea(water); 
    cout << "LR volume        : " << LRMass.getVolume() << endl; 
    cout << "LR area          : "   << LRMass.getArea()     << endl << endl; 
 
    MolecularVoidSet LRVoids  = MG.computeLeeRichardsVoids( water ); 
    cout << "# voids          : " << LRVoids.countNumberOfVoids() << endl; 
 
    MolecularVoid largestVoid = LRVoids.getLargestVoid(); 
    cout << "    Volume of largest void        : "    <<  largestVoid.getVolume()   << endl; 
    cout << "    Boundary area of largest void : " <<  largetsVoid.getArea()       << endl; 
 
    AtomArrangement atoms = largesVoid.getContributingAtoms(); 
    for ( AtomIterator i_atom=atoms.begin(); i_atom!=atoms.end(); i_atom++, i++ ) { 
        cout << "    atom " << i << " : "; 
        cout.precision(3); 
        cout << largesVoid.getAreaContributedByAtom( *i_atom ) << endl; 
    } 
} 

Include header file 

Preprocess 
 (VD and QT) 

Count boundary atoms of VDW model 

Compute  
volume and area of VDW model 

Count boundary atoms of LR model 

Compute  
volume and area of LR model 

Compute and count  
LR voids 

Volume/area  
of largest LR void 

Contributing area for each atom  
of largest LR void 

 
 
# boundary atoms on van-der Waals model : 401 
 
vdW volume     : 4360.84 
vdW area       : 5231.53 
 
# boundary atoms on LR model : 279 
 
LR volume     : 10255.932 
LR area       : 3412.442 
 
# voids       : 4 
 
Volume of largest void : 0.200 
Boundary area of largest void: 2.875 
 
atom 1 : 0.124 
atom 2 : 0.084 
atom 3 : 0.658 
atom 4 : 0.645 
atom 5 : 0.201 
atom 6 : 0.216 
atom 7 : 0.947 

OUTPUT 

MGOS Application Program : an example 
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MGOS Architecture 
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Middleware (MGOS) 
(Application Program Interface) 

Geometry Library 

Application Program 
(by User) 



Designed by K. Drexler (http://www.nanorex.com) 

MarkIII(k) Planetary Gear  Drexler-Merkle Differential Gear  

Nano Machinery Design 
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MG/MM/MD/QM MM/MD/QM 

Core Building Block 
For MGI 

 
Designing molecules with new functions… 

(Precompetitive 20 projects…) 
Theory, modeling & simulation: x1000 faster… 

(12 Global trends to 2020) 
From Mihail Roco, Sep 29, 2014 
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http://voronoi.hanyang.ac.kr 

Thank You 


