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Challenges in Molecular Simulations:
Bridging the time and length-scale gap
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Macroscopic Semi-Macroscopic g Mesoscopic Microscopic (Atomistic) (Sub) Atomistic
Domains, eic L =100 -1000 A L=10-50A L =1-3 A Elactronic structures
T=0(1s) T=10"-10"s T=10 "% Chemical reactions
Entropy dominates Energy dominates Excited stales
K.Kremer, F.Mueller-Plathe, MRS Bulletin, March 200 p.205.
Elasticity theory, mechanics, Coarse- Molecular Quantum
electrodynamics of continuous grained mechanics chemistry
media, fluid mechanics, FEM models
phenomenological models: microscopic models:
density profiles + geometry of structural units +
some equations (diffusion, SCF) interaction potential

Mapping from atomistic to mesoscopic models and back
And from mesoscopic to macroscopic?
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Coarse-grained models (
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Binder, 1995
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= N=64, T1=0.85
— N=256, T-1 =0.644
— N=512, T-1 =0.596

Histograms of the contact energy at the
liquid-solid transition point # !
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| — coill

Il — liquid globule

[l — solid globule

IV — adsorbed coil

V — adsorbed (liquid)
(=1.4 crystalline globule

(=1.4
V| eza




| — coil

Il — liquid globule

Il — solid globule

IV — adsorbed coill

V — adsorbed (liquid) crystalline globule

N=128, T=0.7
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How does a multidomain nematic structure decay upon &kcreasing
the chemical potential?

Order paramsters
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Formation of a nematic structure out of a disorderedone




Phase diagram in variables temperature-concentratio
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Snapshots

(~0.15 for different average densities

( ~0.25

( ~0.32

Chain length N=20 (~0.4

Box size LxLxD = 80x80x150

L from 60 to 500, D from 10 to 500
Number of chains N ., up to 20000




3 N
'.. Phase diagram of solutions of semiflexible macromateles
confined between two hard walls

-1
D isotropic—nematic
4 D=1 limi¢  first=order transition,
which ends in a
\ critical point upon
\ decreasing the film
1 critical point thICkneSS.; .
\ Q) the chemical potential
: at this transition
I decreases with
|
|
|

SD |, SO decreasing film

thickness ("capillary
nematization”).

|
3d SO 3d NEM
0 &)

| y D= limit
A
bulk Iso-Nem H
transition

a continuous (or very weakly first-order) transitio n in the layers adjacent to the
hard planar walls from the disordered phase to a qu asi-two-dimensional nematic
phase, while the bulk of the film is still disorder ed.
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Expectations:

For a long enough chain the
intraglobular region IS
equivalent to a polymer melt.

Microphase separation in the melt
of AB-copolymer chains

-

BCC structure Hexagonal structure Lamellar structure
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N = 256, (4A4B), E..=-1, E,=-1, E,=1, T=1.0

slice-pie conformations
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Lieberman-Aiden E., Van Berkum N.L., Williams L. et. al. // Science. 2009. V. 326. P. 289.



[1] P.W.K. Rothemund, Folding DNA to create nanoscale shapes and patterns, Nature
440, 297 (2006).

[2] T. Torring, N.V. Voigt, J. Nangreave, H. Yan, K.V. Gothelf, DNA origami: a quantum
leap for self-assembly of complex structures, Chem. Soc. Rev. 40, 5636 (2011).
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(organic solar cells)



(a) bilayer,
(b) bulk heterojunction;
(c) block copolymer-based devices

P. D. Topham, A. J. Parnell, R. C. Hiorns, Block Copol ymer Strategies for
Solar Cell Technology, J. Polem. Sci. Part B: Polym. Phy  s., v.49, pp.1131-1156
(2011).



(a) nematic

(b) bilayer smectic A

(c) monolayer smectic A
(d) monolayer smectic C
(e) “hockey pucks”

P. D. Topham, A. J. Parnell, R. C. Hiorns, Block Copol ymer Strategies for
Solar Cell Technology, J. Polem. Sci. Part B: Polym. Phy  s., v.49, pp.1131-1156
(2011).



square columnar phase hexagonally-packed beads-on-string structure
DNA superhelices



*DNA-Dendrimer

Complex

 lower generations
floppy,open structures

 higher generation
robust,less deformable
spheroids,ellipsoids

Electrostatic
complexation

DNA-dendrimer
complex



Why is DNA-dendrimer complex of interest ?

*for gene delivery

1 \
1 1
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DNA/dendrimer Complex
(DNA packaged by dendrimey)




*as a model system to understand DNA-histone complex ation

histone

/

chromatin fiber
ncleosome

beadson-string structure
HistonesA. Mohd-Sarip, C. P. Verrijz&¢cience2004 306, 1484.

Dendrimer is geometrically similar to histone proteins.

beadson-string structure

T. Sakaue et alRhys. Rev. Lett2001,87, 078105,1-4.A.
Kunze,andR. R. NetBhys. Rev. Let200Q 85, 4389.
Chen, W. et al. Langmu000,16, 15-19
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