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Introduction:Organic/Inorganic Interfaces
IS a typical Multiscale Problem

Interface Properties: Interplay betwedviolecular Adsorption
and (many)Molecular Conformations

Molecule-surface interactions dominated Byectrons =)
Quantum description

Macromolecular Systems dominated Konformational Entropy
=) exploration of the associated phase spage classical
Statistical approaches

If the molecule issolvated =) solvent-surface interaction and
molecule-solvent interplay.
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‘ Simulation Techniques: Quantum |

Electrons are treated explicitly (Schmedinger equation)
Only small systems can be studied (100-1000 atoms)
Short time scales (5-50 ps)

Accurate description othemical reactions,metals,

semiconductors, etc.etc.

Method: DFT, Free-Energy MD (A.Alavi) in CPMD.
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Simulation Techniques: Classical
Atomistic

1 particle= 1 atom; classical equations of motion

Large systems (up to 100000 atoms)

relativelylarge time scales (order of 100 ns)

Unable to describe chemical reactions, metals, semiconductors
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Simulation Technigues:
Coarse-Grained (atomistic)

1 particle= 1 group of atoms; classical equations of motion
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Very large systems (up to millions of particles)
Time scales inexperimental time windows (order of ms)

speci ¢ chemical details are usuallylost




‘ Methodology Requirement |

Bridging length and time scales

Systematic procedures to link in a consistent sequential
way the different length and time scales.
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‘ Computational Strategy |

(I) Quantum (DFT) methods=) e ective (classical)
polymer-surface interaction

(I Classical (atomistic/coarse-grained) force elds for inter-
and intra-molecular interactions

(D+(l1l) =) Classical Simulations of large systems



‘ Modeling Principles I

DFT for a chemical repeat unit on a surface:
I Nk
toco @O}
CH,
(i) Accurate description molecule/surface (+)

(i) Large calculations, i.e. high Computational costs( )

(i) Large # of molecular conformations =) large # of (expensive)
Calculations ( )

(iv) Little transferability ( )

Optimal modeling: Transferable, Flexible, Computationally Feasible



‘ The Building Block Modeling Procedure |

DFT calculations for small submolecular moieties at the surface
CH,

o)

|
HO-&-0H @ GH,
CH,

topological constraints of each moiety as belonging to the large molecule=)
chosenconformations of moieties at the surface consistent with allowed

topologies of the large molecule

DFT results =) development of ane ective classical surface-moiety
potential

Still: Cooperative e ects of adsorption neglected!



‘ Test of Consistency |

Classical simulations of thiarge molecule (or a representative
unit) in vacuo on the surface=)

Selected conformations) inputs for DFT calculations

If: Molecular conformations and energy order from DFT
consistent with the classical ones)

(I) the model isaccepted

(IDnot =) DFT calculations are used toe ne the model (and
the procedure is repeated)

L.M.Ghiringhelli, P.Schravendijk, and L.Delle Site; Phys.Rev.B. 74, 035437 (2006);
L.M.Ghiringhelli and L.Delle Site; J. Am. Chem. Soc. 130, 2634 (2008).



Polycarbonate Melt on Nickel (111)
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L. Delle Site, C.F.Abrams, A.Alavi and K.Kremer; Phys. Re\l.ett. 89,
156103 (2002)
L.Delle Site, S.Leon and K.Kremer; J.Am.Chem.So0c.126, 2842004).

»

A

»

-
S\
AR
Ak%

Energy
Entropy




‘ BPA-PC and CD's Manufacturing |
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Biomolecules: The Building Block Procedure for

Liquid Water

Molecular moietiess) small waterclusters

Chosen Clusters reproduce lod¢atrahedral structures of liquid
water con ned by a surface

oxygen-surface and hydrogen-surface e ective classical
potential reproduces the DFT data

Tests of consistency: Classical simulations akater thin Ims
at the surface reproduce DFT data.

P.Schravendijk, N.F.A. van der Veqgt, L.Delle Site and K.Krer;
Chem.Phys.Chem.6, 1866 (2005)



Histidine and Phenylalanine in solution on
Pt(111)

(a) Same adsorption energy in vacuo;

BUT
(b) di erent bonding motif; (c)di erent solvation propert ies
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Histidine is likely to bind ; Phenylalanine not



Polypeptides on Pt(111): In silicodesign of
Interface properties

Property requested Maximization of contact points keeping the helix
structure.

L.M.Ghiringhelli, B.Hess, N.van der Vegt and L.Delle Site}.Am.Chem.Soc.
130, 13460 (2008).



‘ Adaptive Resolution? |

Interface properties: example sklective adsorption and global
conformations

(a) high resolution required close to the surfagEhemical
recognition)

(b) lower resolution su cient far from the surface
(conformational sampling)

change molecular resolution on demand? (depending on the
location of the molecule in the system)



\ Method and model: General Idea |

Adaptive Resolution MD Scheme

on-the-y interchange between atomistic and coarse-giein
descriptionHybrid Model

With:  ex = cg; Pex = Pcg; Tex = Tcg

M.Praprotnik, L.Delle Site and K.Kremer; Annu.Rev.Phys.Chem. 59, 545-571
(2008); C.Junghans, M.Praprotnik and L.Delle Site, in Multiscale Simulation
Methods in Molecular Sciences, NIC Series Volume 42 (2009)



‘ Scale Coupling I

Two-stage procedure:

(a) E ective (coarse-grained) pair potentidl®™ from the reference
all-atom system.

(b) F = w(X Jw(X )F&M +[1  w(X )w(X )JFe"
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M. Praprotnik L. Delle Site and K. Kremer; J. Chem. Phys.; 123; 224106 (2005)
M. Praprotnik L. Delle Site and K. Kremer;Phys.Rev.E;73, 066701 (2006)



Control of the thermodynamical
equilibrium

Adaptive forcealone cannot assurghermodynamic equilibrium :
potential energy cannot be written explicitly

Change of resolution associated withlaent heat
(a) Numerical: couple the system to a position dependent

thermostat
(b) Analytical: equality of the chemical potential across the

di erent resolutions(recent results)

switchingequivalent to continuously changéhe dimensionality
of the phase space

M.Praprotnik, K.Kremer and L.Delle Site, Phys.Rev.E, 75, 017701 (2007);
M.Praprotnik, K.Kremer and L.Delle Site, J.Phys.A:Math.T h.40, F281 (2007).



\ Does the method work? |

Comparison of the results of AdResS with those of full atomistic
simulations:

Global and local structures are reproduced
There is no net ux across the transition region
The di usion occurs in a correct way

Method successfully reproduces statistical propertieshaf model
liquid.

see in particular:

medium dense liquid: M.Praprotnik, L.Delle Site and K.Kremer,
J.Chem.Phys.123,224106 (2005)

dense liquid: M.Praprotnik, L.Delle Site and K.Kremer, Phys.Rev.E, 73, 066701
(2006).



‘ Further applications |

(a) M.Praprotnik, L.Delle Site and K.Kremer, J.Chem.Phys.126 134902 (2007);
(b) M. Praprotnik, S. Matysiak, L. Delle Site, K. Kremer, C. Clem enti; J. Phys.:
Condens. Matter; 19, 292201 (2007);c) R.Delgado-Buscalioni, K.Kremer and
M.Praprotnik; J. Chem. Phys.; 128, 114110 (2008)



‘ Molecules/surfaces: developing projects I

Dispersion interactions in DFT; Collaboration with B.Lundvist
(Chalmers) and A.Kelkkanen (DTU)

water on metals: DFT simulation of liquid water
alternative solvents

surface defects: steps

(a) pattern formations

(b) water chains=) proton wire =) modify molecular functionality of
adsorbates

(a) (b)



‘ AdResS: developing projects |

Formalization of the thermodynamical equilibrium + Mixtures and large
macromolecular systems

hydrophobic e ects; with C.Clementi (Rice)

7N

Adaptive interface of classical models with their Path Integral representations;
with D.Manolopoulos (Oxford)



‘ Long-term Future Perspective |



\ Main Collaborators |

C.Abrams, P.Schravendijl,.Ghiringhelli (Building Block
procedure)

B.Hess and N.van der Vegt; Classical Simulations
M.Praprotnik and K.Kremer , coauthors of the adaptive model
Simon Poblete, Adolfo Poma, Christoph Junghans, Mainz

Cecilia Clementi, Silvina Matysiak, Brad Lambeth, Rice #sity,
Houston



‘ Backup Slide: Calculation of the latent heat (1) I

(X) = atom (w;) (free energy per particle)

transition region: D

atomistic coarse-gralned
ion n

wl w2 | w3] w4| ws5| wée w7

Calculating (w;) with i =2;3;4;5;6; 7.
(@) : insertion particle method (IPM) for eachi =) EXxcess
chemical potential ©*¢(w;)

(b) : fractional formula =) kinetic (ideal gas) contributions
Kin (W)



‘ Backup Slide: Latent heat (II) I

(a) Excess Chemical Potential:

For eachw; apply IPM with:
F. = wWwFagom +(1 WwWwj)Fe =) (w)

©XC(w;): excess chemical potential the system would have if all the

molecules were interacting with some w; “resolution”(representation)
(b) kinetic contribution: ~ kin

A, = R P2 dWp = — Kin — P Kin
p= € p=(w)=) (w) DOF (w)
p: generic momentum of a switching DOF



Backup Slides:Latent heat rightarrow
Results

(a) Excess Chemical Potential®*®
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(b) Kinetic contribution : KM /% Ig(T)+ Ig-2) (\ deterministic
heat given by the thermostat)




Backup Slide: Thermodynamic Force +
Kinetic Heat

Latent heat: Fyom = r ¢ (X) Instead of thefull thermostat

r « ¢+ kinetic part:
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Towards an internally (thermodynamically) consistent fraework



