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Crystal Structure and Pair Potentials: A Molecular-Dynamics Study

M. Parrinello‘® and A. Rahman
Avgonne National Labovatory, Avgonne, Illinois 60439
(Received 31 July 1980)

With use of a Lagrangian which allows for the variation of the shape and size of the
periodically repeating molecular-dynamics cell, it is shown that different pair potentials
lead to different crystal structures.

VOLUME 45, NUMBER 14 PHYSICAL REVIEW LETTERS O OCcTOBER 1980
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FIG. 1. The first graph on the left-hand side shows the MD cell edges {:;,E,Sy as a function of time {*. The ratio
(@ +b)/2¢ has been plotted; it is unity at £*=0 When the potential is Vpy and the MD cell is cubie; it tends to V2 with
the passage of time. When Vg, is changed to Vi at £*=17.5, further changes occur in {E,E,E} accompanied by a
change of the angle between aand b, The cosine of this angle is shown as a function of time in the second graph from
the left. The various times at which the g {(») was monitored are indicated on the series of graphs on the right; each
&) is an average over 140 time steps; the average temperature during these time steps is also shown. The final
state when guenched reveals, in the topmost figure, subsidiary peaks (wiggly arrows) due to stacking faults men-
tioned in the text. Note that g is plotted as a function of »*. The ratio of the squares of shell distances is 1:2:3:4:5:6,
ete., in an fec lattice and 1:4/3:8/8:11/3:4:16/3:19/3:20/3, ete., in a bee lattice.

‘D. L. Price, Phys. Rev. A 4, 3568 (1971); D. L. Price,
K. 8. Singwi, and M. P, Tosi, Phys. Rev. B 2, 2983
(1970).

4. Copley and M. Rowe, Phys. Rev. Lett. 32, 49
(1974); A. Rahman, Phys. Rev. Lett. 32, 52 (1974), have
shown that the Vpy of Ref. 3 gives a good model of
rubidium.
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Nature’s Nanoworld *

Exlfral: ellular Glycoprotein
a ; -
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*Cell membranes are complex, containing lipids, proteins,
cholesterol, carbohydrates, plus actin filements, etc...
Design principles for Nature’s devices, plus their self- &
supramolecular assembly can yield new materials.




Fully hydrated DPPC bilayer structure

Gel, 19°C Liquid crystal, 50°C

AR 472 458
D(A) 634 652
Xy (A) 450 45.6
1. Tristram—Nagle et al (1993) Biophys J 64, 97
2. Tu, Tobias & Klein (1996) Biophys J 70, 595

3. Nagle et al (1996) Biophys J 70, 1419
4. Tu, Tobias & Klein (1995) Biophys J 69, 2558

Membrane
Bilayer
Modeling




Why Coarse Grain ? *

Atomistic Models

Empirical potentials -
local structures

Limited system size
Limited timescale

*One can do MD on 100 -
1000 - 10,000 lipids

But one million lipids / pm?




Coarse Grain Lipid Molecules

Choline Head Group
Phosphate Group

Glycerol Groups

Acyl Chains

Chain Ends

John Shelley, Preston Moore
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Unedapsizinding Mlziura’s Daslgns

DNAS (2002




Insertion Synthetic Nanotube
into a Membrane




Self-assembly and morphology
of block copolymer surfactants

Klein - Discher Students & Postdocs

el o« Center for Molecular Modeling

University of Pennsylvania




Coarse-grain model for the PEO-PEE diblock copdlymer




Nature Materials (2004) D

Increasing hydrophilic fraction (f,;)

Figure 1: Snap shots taken from CG MD simulations of diblock copolvmers in water. Distinet
morphologies form spontancously when the diblock copolvmers have different hydrophilic fractions. (A)
Bilaver assembly from 30.9% hydrophilic - EOy EEs7 (B) Cylindrical or worm-like micelle assembled from
51.1% hydrophilic - EOgEE;. (C) Same as in (B) showing the hydrophilic EO corona but without the
hydrophobic EE core: the cvlindrical core extends through the periodic boundaries of the MD simulation.
(D) Spherical micelle formed from 65.6% hydrophilic - EOgEEz;. Color code: hydrophilic EO - red,
hydrophobic EE - vellow, water - blue.




Graphite sheets 100 x 200 X
425 surfactants (300:1 water)

Random initial condition

micelles form and surfactant
begins to coat surface.




