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The talk’s plan:

I. Mercedes-Benz water

II. Hybrid MD/HD framework
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hydrogen bonding term:
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G is the Gaussian function G(z) = e2.2
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where @ ; is the Lennard-Jonnes potential, ® g p is the explicit

Oyp =enp-G(rij —TuB) ZG(ZIC iy — DGy - iy + 1),
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MB water thermodynamics

The thermodynamlc properties are expressed through K, 3 i 2 only:
temperature: 7' = % (K),

pressure: P = p kT —

< A
isochoric heat capacity

= (3 ) () N ) (7))

where [ is the moment of inertia, ¥; and w; are the translational
and angle velocities.




o
032 ; o < s
. 28 - 5
028 i WE® o2
024 .« < w 27
ab 0520 S
020 ».
- .- 24 o
0.16] "upueet
E R I R E I T )
016 o.znT' 024 028 016 020 " 024 028 . oo o
4 s s0.
) E
b T * q § 4o
b < °
e Zue
21, o
. 4
016 020 024 028 0716 020 024 028 R T e T
. T 0o o)

Figure : Isothermal compressibility 5*, pressure P*, isochoric heat
capacity C5r, isothermal expansion coefficient «*.
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where N is the number of molecules in the corresponding
solvation shell, Z;; is the normalization factor

«“Fr «E»>» «E>»

RN Ge



Figure : Radial distribution function. The reference molecule is shown
in green. The ‘interstitial’ water is red.
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The velocity autocorrelation function:

(@(t) - v(t+ 7)),

moments t and t + 7.

where ¥(t) and ¢(t + 7) are translational velocities at time

The rotation velocity autocorrelation function:

where w(t) =

(W) -w(t+7)),

is rotational velocity.
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Figure : Velocity autocorrelation functions for MB and SPC models.
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- Two dimensional water qualitatively and sometimes
quantitatively represents the properties of real water.

- Molecular dynamics of the model works well and reproduces
the results of Monte Carlo.

- The usefulness of the model: N2 dependence on system size,
easy visualisation.

«O>r «F»r <

it
v
N
it
-
iy

RN Ge



1vation

mot

w Hybrid MD/HD

Aston Universil
‘semingan

v

hybrid MD/HD
modelling

Motivation: true multiscaling

Introduction

Mercedes-Benz

water

-
'

Ly

s A = BT S
\Wsm\h w..s ﬁ:m VoLl husnﬂ.n:. £
b Ko o M Aot Y
AR Yo g g T Se sl
.o.im.vw Py efé.ﬂr yyed &»
R xR Y 42

) &

The forcefield

Thermodynamics

Structure

Dynamics
Hybrid MD/HD

Introduction
The background

The model

Mass
conservation

bunﬂ»\ it

£ N

Momentum
conservation

Results

Conclusions

PR T

Acknowledgement



renvmery Hybrid MD/HD: hydrodynamics
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Continuous representation (hydrodynamics)
Introduction

Mercedes-Benz

s - All started with macroscopic thermodynamical quantities:

e foreeteld the properties of the system as a whole, the largest possible
hermodynamics

Structure Scale_

Dynamics

Hybrid MD/HD - Describing the system at smaller scales: the properties
Introduction b ﬁ ld h . : t- .

e Cremem ecome fields changing in time:

The model

Mass

conservation p(x’ t)7 u(x’ t)7 T(X, t)

Momentum

conservation

Results

- x is the Euclidean 3D space.

Conclusions

- The equations of motion are the FD equations.
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- The solution is the values of the fields at each location in
space at every instant of time: p(x,t),u(x,t), T(x,t).



hybrid MD/HD
modelling

Introduction

Mercedes-Benz
water

The forcefield
Thermodynamics
Structure

Dynamics

Hybrid MD/HD
Introduction
The background
The model

Mass
conservation

Momentum
conservation

Results

Conclusions

Acknowledgement

Hybrid MD/HD: atomistic

Atomistic representation

- The variables are the positions and momenta of the point

masses, the atoms:

{Ohwu,OIN,Pl,-u?pN}

- The space is the 6 N-dimentional phase space.
- The atoms interact through empirically (in MD) defined

Hamiltonian H(q, p)

- The equations of motion describing q(t), p(t) are the

Hamilton equations

dgi(t) _ 0H(q,p) dpi(t) _ OH(q,p)
dt api ’ dt 6qi '

- The solution is the molecular trajectory: the values of the

coordinates and momenta at every moment of time:

q(t), p(t).



Calculating the continuous density

pe(a;x,t) =

j=1

Z md(q;(t) — x)

It is a function of the molecular coordinates (phase space
variable), which also parametrically depends on x and ¢
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How the measurement is done: a probe of spatial dimensionality
Ax is placed at the point x for a period of time At at time ¢.

The ‘true’ (measured) value of p(x,t) is obtained by overaging
pqe(d; x,t) over Ax and At.

p(x,t) = (pg(aA; X, 1)) ax, At
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Introduction . . A . .
e Mathematically p(x,t) is a functional: for every point in space x
water and moment ¢ it associates a number (the value of the density) for
The forcefield

Themoayamics. the given function q(t) (on the interval [¢,t + At]).

Structure

Dynamics Ergodic hypothesis: such functional can be constructed by
Hybrid MD/HD introducing a function F(q, p) which has the property

Introduction
The background
The model

Moss p(x,t) = / dqdpp,(q; %, t)F(a, ).

Momentum
conservation

Results

This function should satisfy normalisation condition.
It is the phase space distribution function.
It has a meaning of probability.

Conclusions
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This is MD—HD transformation.

HD—MD - 777
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Thermodynamics
Structure 1 x
Dynamics S ‘
Hybrid MD/HD 0 ' : "
Introduction
The background
The model - The end domains HD and MD are described by purely
S hydrodynamic and purely Newtonian equations of motion

———
conservation M
o respectively.

Conclusions

In the hybrid domain the fluid consists of two “phases”:

m HD phase is a continuum water with volume fraction s = Y&

Vv
m MD phase is a phase that incorporates atoms, its volume
fraction is (1 — s).
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- The parameter s = s(x) is the function of space coordinates,
such that s = 1 in the HD domain, s = 0 in the MD domain.



For HD phase

0 d
a5t (sp) + oz (uisp)
For MD phase:
9
ot

(1-3) Z Pp +% (I-s) Z Pplip
p=1,N(t) !

p=1,N(t)
birth/death rate due to the coupling between the phases
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where p, = m,/V is the density of MD particles and J is the

=—J,
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MD velocities are constrained to HD phase in the s — 1 limit:

dx; 9 |-
=it s(ui—ug)+s(l=s)ag— | 5= Y o | /op/N(),
t p=1,N(t)
where p=sp+ (1 —s) Zp:l,N(t) Pp-
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The source J

From the modified MD the source J can be found:

where p=sp+ (1 —

p 1,N(t)

S) Zp:l,N(t) Pp-

p is diffused towards -, n4 op!

NI

p=1,N(t)
DO ARE
p:l,N(t)

pr

p=1,N(t)
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Conservation of momentum

For HD phase:

0
% (su;p) +

oz, (uju;sp) = sF; + Ja,

where J5 is the HD-MD interaction force and F; is the
hydrodynamic force, calculated from Landau-Lifshitz fluctuating
hydrodynamics model:

oTEH
FF, = ——Y
61‘1‘
TS = T+ Ty
0 0 0 4 0 \
Ti; = <P§axaua) 5v:jV<amin+amjui2D 1%“(261&/

where D is the problem dimension, p is pressure, &, v are the
(macro) viscosity coefficients, T;; is a random Gaussian matrix
with zero mean and correlations depending on the viscosities and

kgT.



For MD phase

( (1—2s) Z _—

p=1, N(t)

S,

p=1,N(t)
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Modified MD equation for the force

Similarly to the modified equation for MD velocities:

du,;
8= (1= 8)Fjp/ pp + 5F3/pp/N (1)

0

+ 5 s(1 - s)a Z ujp/N(
! p=1,N(t) p=1,N(t
0 o (. .
T om 8(1_8)687 Ujp — Z UjpPp /pp/N (1)
v K p=1,N(t)

where p=sp+ (1 —s) Zp:l,N(t) Pps
aj = |spuj + (1 —s) ZPZLN@) Ppujp] /p-
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The source J,

J2_s* Z PpUjp +

p=1,N(t)

9
81'7;

s(1—s)B8

8 T

ox;

’LLjp—

where p=sp+ (1 —5)>2 1 N Pps

uj = {Sp“j +(1—s) Zp:l,N(t) pp“jp} /p-
a;p is diffused towards 30— () wjppp:

D

Dt

0

ox;

Z UjpPp

p:l,N(t)

s(1—s)8

oz;

jp —

Z PpUjp

p—LN( )

Z UjpPp

p=1,N(t)

Z UjpPp
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Results

Preliminary results for 2D Lennard-Jones liquid:
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Introduction
Mercedes Benz - Atomistic and continuum representations of liquid can be
ter . . .
RS connected seamlessly and consistently in space and time.
Thermodynamics . .
Structure - The domains of each representations can be defined

Dynamics

arbitrarily in space and time.
Hybrid MD/HD

Introduction

- The conceptual novelty: studying the properties of different

The background

The model representations at the same space and time scale.

Mass

e - The advantage in applications: very substantial saving on
e computation at the HD domain without loosing the atomistic
Results

Conclusions details of the core.
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- Outlook: multiple scales.
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