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Center of Mass Position
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Multiscale Modeling
Le

ng
th

Time

quantum to classical

atomistic to coarse−grained

particle−based to continuum

M. Praprotnik, L. Delle Site, Humana Press, 2012.
M. Praprotnik, L. Delle Site, K. Kremer, Annu. Rev. Phys. Chem. 59, 545 (2008).
M. Praprotnik, S. Poblete, K. Kremer, J. Stat. Phys. 145, 946-966, 2011. KITP, UCSB, April 26, 2012 – p. 3/24



Changing Number of DOFs

A tetrahedral molecule has a defined spatial orientation and 3N = 12 DOFs:

3 translational

3 rotational

3N − 6 = 6 vibrational

One particle mesoscopic molecule has no defined spatial orientation and only 3

translational DOFs.

M. Praprotnik, L. Delle Site, K. Kremer, J. Chem. Phys. 123, 224106 (2005).
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AdResS

AdResS consists of two main steps:

1. Derive the effective pair potential Ucm between coarse-grained molecules on the basis
of the reference all-atom system.

2. Couple the atomistic and mesoscopic scales:

Fαβ = w(Xα)w(Xβ)F
atom
αβ + [1− w(Xα)w(Xβ)]F

cm
αβ ,

where

F
atom
αβ =

∑

iα,jβ

F
atom
iαjβ

is the sum of all pair interactions between explicit atoms of molecules α and β and

F
atom
iαjβ = −

∂Uatom

∂riαjβ
,

F
cm
αβ = −

∂Ucm

∂Rαβ
.
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Coupling MD with Continuum
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J = p I+ ρvv +Π

R. Delgado Buscalioni, K. Kremer, M. Praprotnik, J. Chem. Phys. 128, 114110 (2008).
R. Delgado Buscalioni, K. Kremer, M. Praprotnik, J. Chem. Phys. 131, 244107, (2009).
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Navier-Stokes Equation

Conservation of momentum :

ρ(
∂u

∂t
+ u · ∇u) = −∇p+∇ ·Π+ f

Stress tensor :

Π = −η[∇u]S − ξ∇ · u I

We consider a Newtonian fluid with dynamic viscosity η and bulk viscosity ξ. The traceless

symmetric tensor is defined as AS
αβ = (Aαβ + Aβα)− (2/3)Aγγ.

Conservation of mass :

∂ρ

∂t
+∇ · (ρu) = 0
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Triple-Scale Scheme
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Domain decomposition of the combined scheme.
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Couette Flow
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Velocity profile at the particle region of an hybrid simulation of a Couette flow.
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Triple-Scale Simulation: Liquid Water

R. Delgado Buscalioni, K. Kremer, M. Praprotnik, J. Chem. Phys. 131, 244107, (2009).
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Multiscale Flow past a Buckyball

J. H. Walther, M. Praprotnik, E. M. Kotsalis, P. Koumoutsakos, J. Comput. Phys. 231,
2677-2681, 2012.
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Overlap Domain

Cross-section through the overlap region.
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Fractional DOFs

For the fractional quadratic DOF Θ with the weight w = α we can write the partition

function as:

exp(−βFα) = C

∫

exp(−βαp2Θ/2) dVα =

= 2C

∫

∞

0
exp(−βαp2Θ/2) |pΘ|α−1 dpΘ

Γ(α)
=

=
2α/2CΓ(α/2)

Γ(α)
α−α/2β−α/2 ∼ β−α/2.

〈Kα〉 =
d(βFα)

dβ
= α

2β
= αkBT

2
.

In equilibrium TA = TB = T∆ = T and thus: nα ∼ α.

M. Praprotnik, K. Kremer, L. Delle Site, Phys. Rev. E 75, 017701 (2007).
M. Praprotnik, K. Kremer, L. Delle Site, J. Phys. A: Math. Theor. 40, F281, 2007.
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MD Integration

dη

dt
= {η, H} = L̂Hη

L̂H = { , H} is the Lie operator
H is the Hamiltonian

{η, H} denotes the Poisson bracket
η = (q,p) is a vector in phase space composed of the momenta and coordinates of all
particles

Formal solution:

η|t+∆t = exp(∆tL̂H)η|t

∆t is the integration time step

exp(∆tL̂H) is defined as a formal series of operators
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SISM

We split the Hamiltonian function as

H = H0 +Hr

We then use the following approximation:

η|t+∆t = exp

(

∆t

2
L̂H0

)

exp(∆tL̂Hr
) exp

(

∆t

2
L̂H0

)

η|t + O(∆t3)

∆t is the integration time step.

M. Praprotnik, D. Janezic, J. Chem. Inf. Model. 45, 1571-1579, 2005.
D. Janezic, M. Praprotnik, F. Merzel, J. Chem. Phys. 122, 174101, 2005.
M. Praprotnik, D. Janezic, J. Chem. Phys. 122, 174102, 2005.
M. Praprotnik, D. Janezic, J. Chem. Phys. 122, 174103, 2005.
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Step 0: Perform the analysis of normal modes of the harmonialpart H0 .Step 1: Propagate with H0 for the time �t=2.�P 0iQ0i� = � os(!i�t2 ) �!i sin(!i�t2 )1!i sin(!i�t2 ) os(!i�t2 ) � �P 0iQ0i�P 0i = P 0iQ0i = P 0i �t2 +Q0iStep 2: Transformationp0i = pmiXk AikP 0kq0i = 1pmiXk AikQ0kStep 3: Evolve with Hr for the time �t.p00i = p0i ��t��Hr�qi �qi=q0iq00i = q0i +�t��Hr�pi �pi=p0i = q00iStep 4: Bak transformationP 00i = Xk 1pmkATikp00kQ00i = Xk pmkATikq00kStep 5: Propagate with H0 for the time �t=2.�PiQi� = � os(!i�t2 ) �!i sin(!i�t2 )1!i sin(!i�t2 ) os(!i�t2 ) � �P 00iQi00�Step 6: Return to step 1 until the desired number of alulationsteps is ompleted.
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Time Reversibility

Because of the time reversibility

exp
(

∆tL̂H

)

exp
(

−∆tL̂H

)

= I

the equations used in the numerical method must be time
reversible.
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SISM Scheme

Redefinition of the
Internal Coordinate System

Cartesian Coordinates

Normal Coordinates

Normal Coordinates

Rel. Displ. Coordinates

Cartesian Coordinates

Rel. Displ. Coordinates

t/2∆

t∆

t/2∆

Rel. Displ. Coordinates

Cartesian Coordinates

Rel. Displ. Coordinates
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Propagation with H0

Propagation with Hr = Hr (q)

Propagation with H0
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Error in Energy
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Adaptive Resolution

A tetrahedral molecule has a defined spatial orientation and 3N = 12 DOFs:

3 translational

3 rotational

3N − 6 = 6 vibrational

One particle mesoscopic molecule has no defined spatial orientation and only 3

translational DOFs.

M. Praprotnik, L. Delle Site, K. Kremer, J. Chem. Phys. 123, 224106 (2005).
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