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Chapter 5
A hybrid molecular dynamics method
using a λ mixing parameter and coupling
to a scaled thermostat

Manuscript in preparation by:
N. Goga, A. Rzepiela, M.J. Louhivuori, H.J.C. Berendsen, A.H. de Vries and

S.J. Marrink.

For instance, on the planet Earth, man had always assumed that he
was more intelligent than dolphins because he had achieved so
much - the wheel, New York, wars and so on - whilst all the
dolphins had ever done was muck about in the water having a
good time. But conversely, the dolphins had always believed that
they were far more intelligent than man - for precisely the same
reasons.

The Hitchhiker’s Guide to the Galaxy, Douglas Adams
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5.1 Abstract

In multiscale molecular dynamics simulations the accuracy of detailed mod-
els is combined with the efficiency of a reduced representation. For several appli-
cations it is desirable to combine all-atom and coarse-grained approaches into a
single hybrid approach with an adjustable mixing parameter. We present a hybrid
method for mixing the two representation layers using a Lagrangian formalism
and including two thermostats with different reference temperatures for the two
representations. Applying the method to liquid hexadecane, we show that the
same coarse-grained configurational entropy is reached faster when more coarse-
grained character is present. However, the method conserves thermodynamic
properties of the system only for moderate λ values.

5.2 Introduction

Molecular dynamics (MD) simulations give invaluable insights into the atom-
istic details and dynamics of molecular systems. Unfortunately the time scales
and system sizes realistically within the reach of classical, all-atom MD simula-
tions are rather limited. These limits can be eased at the expense of molecular
detail by grouping a number of atoms together into coarse-grained particles. Not
surprisingly then, the main disadvantage of a coarse-grained model over a fine-
grained (AA) model, is exactly that the precise atomistic details are lost. In many
applications it is important to preserve atomistic details for some region of special
interest, while for the remainder of the system a CG approach suffices. In other
applications it may be desirable to switch temporarily to a AA description when
special events occur, or when the validity of a CG treatment is to be assessed.

The question how to combine the strengths of both of these approaches in
a, so called, hybrid or multiscale MD simulation has received a lot of attention
recently and is reviewed in the introduction of this thesis. In the pioneering ap-
proaches of Christen and van Gunsteren65 and Praprotnik et al.130 all particles
are represented both in fine-grained and in coarse-grained detail. These two rep-
resentations are then coupled through a mixing parameter λ. The multiscale in-
teraction forces are computed as a weighted λ sum of the interactions on AA and
CG levels. Christen and van Gunsteren use a constant λ for the whole system
whereas Praprotnik et al. use a position-dependent λ.

If the λ-scaling is applied to AA bonded interactions in an almost fully CG
system, i.e. λ ≈ 0, the bonded forces are not strong enough to keep bonded AA
particles in correct relative positions. Christen and van Gunsteren propose there-
fore to scale all interactions apart from the fine-grained bonded interactions that
are left unscaled. Even though this ad hoc proposal solves the practical problem
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of AA particles losing their coherence it certainly leaves room for improvement.
It is inconsistent to leave AA bonded potentials unscaled while scaling all the
other AA potentials since this means that the more coarse-grained a system is the
more the bonded interactions dominate at the fine-grained level. By keeping the
AA bonded interactions intact even in a “completely” CG system, one is in fact
considering transitions between a AA system and CG system with AA bonded
interactions and not a pure CG system. This is clearly not an ideal situation,
especially if one prefers to use a pure coarse-grained model.

In order to overcome these problems we propose to describe the system by
generalized coordinates, which consist of CG coordinates and relative AA co-
ordinates, and solve the Lagrangian equations of motion1 under additional con-
straints prescribed by the definition of the CG coordinates. Thus there is one
Lagrangian system consisting of a CG and a AA subsystem, with a potential
that is a linear combination of (1−λ)-scaled CG and λ-scaled AA components.
In order for the AA subsystem to maintain a proper Boltzmann distribution, it
must be maintained at a λ-scaled temperature. This is accomplished by using
two different thermostats for the CG and the AA subsystems. As we will show
this solves both of the aforementioned problems and can be readily applied to a
broad range of systems. The model is applied to liquid hexadecane, combining
the Gromos AA forcefield34 with either the MARTINI CG forcefield33 or a CG
forcefield obtained using the iterative Boltzmann (IB) procedure. In both of the
CG forcefields the motion of the centers of mass of four consecutive methylene
groups are united. Evaluation of the configurational entropy of the system shows
that the sampled phase space is similar for all levels of λ for the MARTINI force-
field, however for the IB forcefield the accuracy of sampling is maintained only
for moderate values of λ. This result, together with results described in Chapter 4
is encouraging for the use of the MARTINI forcefield in multiscale applications.

This Chapter is organized as follows. Section 5.3 presents the theoretical
ingredients used for building up an improved multiscaling MD model at constant
λ. Section 5.4 gives the results for the application to hexadecane, emphasizing
the intramolecular configurational entropy of the CG distribution. Section 5.5
draws conclusions and hints at future applications.

5.3 Multiscaling theory

This section is constructed in the following way. Section 5.3.1 presents the
theory related to the derivation of forces at constant λ. Section 5.3.2 describes
the coupling of the relative velocities with the temperature.
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5.3.1 Derivation of forces

System description We describe a system on two levels: AA (fine-grained)
particles (positions r) with atomic detail, and CG (coarse-grained) particles (po-
sitions R), each representing a number of AA particles. Each CG coordinate
vector Ri is determined by the Center of Mass (c.o.m.) of a number (this may
differ per CG particle) of AA particles:

MiRi = ∑
k

mikrik (5.1)

Mi
def= ∑

k
mik (5.2)

The system moves under a linear combination of AA and CG potentials; the AA
potential contributes a fraction λ and the CG potential contributes a factor 1−λ.
For the time being the factor λ is a fixed constant.

Generalized coordinates It is convenient to define generalized coordinates that
include the CG coordinates R. In this way there is only one system and the CG
system is part of its description. As generalized coordinates we choose
a) the CG positions Ri

b) the relative AA positions sik
def= rik−Ri.

These generalized coordinates have 3N degrees of freedom too many, where
N is the number of CG particles. However, these are compensated by the 3N
constraints that follow from (5.1) and (5.2):

σi(s)
def= ∑

k
miksik = 0, i = 1, . . . ,N (5.3)

The equations of motions must be solved while these constraints remain satisfied.
The constraints involve only the coordinates s.

Lagrangian In order to derive the equations of motion, we use the Lagrange
formalism. The Lagrangian L is defined as a function of coordinates and their
time derivatives and equals the kinetic energy (K) minus the potential energy (V ):

L(R,s, Ṙ, ṡ) = K−V (5.4)

Here, the kinetic energy is a function of velocities only:

K(Ṙ, ṡ) = ∑
i

∑
k

1
2

mik(Ṙ+ ṡ)2 (5.5)

= ∑
i

1
2

MiṘ2 +∑
i

∑
k

1
2

mikṡ2
ik (5.6)
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[the cross products vanish as a result of (5.1)]. The kinetic energy therefore is
the sum of the kinetic energy of the CG particles and the kinetic energy of the
relative coordinates.

The potential energy is a function of coordinates only and is chosen as a
mixture of CG and AA contributions:

V (R,s) = λV AA(R,s)+(1−λ)V CG(R). (5.7)

This is the basic assumption. From here we wish to derive consistent equations
of motion, assuring that the CG potential is thermodynamically consistent with
the AA potential.

Generalized momenta In the Lagrangian formalism the generalized momen-
tum, conjugate to a specific generalized coordinate, is the derivative of the La-
grangian with respect to the velocity of that coordinate. We denote the momen-
tum conjugate to Ri with Pi and the momentum conjugate to rik with pik.

Pi =
∂L
∂Ṙi

= MiṘi, (5.8)

pik =
∂L
∂ṡik

= mikṡik. (5.9)

Equations of motion For a system with constraints, the Lagrangian equations
of motion are (for any pair of conjugated coordinates and momenta qi, pi):

ṗi =
∂

∂qi
[L(q, q̇)+∑

n
µnσn(q)]. (5.10)

Here the index n numbers the constraints and the coefficients µn are Lagrange
multipliers which follow from the constraint equations σn(q) = 0. In our case the
equations of motion become specifically:

Ṗi = −∂V (R,s)
∂Ri

(5.11)

ṗik = −∂V (R,s)
∂sik

+µi
∂

∂sik
∑
k

miksik. (5.12)

Defining the CG and AA forces as follows:

FCG
i

def= −∂V CG(R)
∂Ri

(5.13)

FAA
ik

def= −∂V AA(r)
∂rik

, (5.14)
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and using (5.8) and (5.9), eqs (5.11) and (5.12) become

MiR̈i = (1−λ)FCG
i +λ∑

k
FAA

ik (5.15)

miks̈ik = λFAA
ik +µimik (5.16)

These are the practical equations of motion. The Lagrange multipliers µi (each
of which are 3-D vectors) are to be determined such that the constraint equations
(5.3) remain satisfied. This means a simple shift of the individual accelerations
s̈ik by a constant vector Fc

ik/mik, thus compensating the displacement of the c.o.m.
Here Fc

ik is the constraint force acting on the (ik)-th particle:

Fc
ik =−λ

mik

Mi
∑
k

FAA
ik (5.17)

Alternatively, in the spirit of SHAKE,139 one may in the Verlet algorithm first
compute the displacements without taking the constraints into account, yielding
coordinates s′ik, and then displace each of the coordinates with a vector such that
(5.3) is satisfied:

sik = s′ik +∆si, (5.18)

with

∆si =−∑k miks′ik
Mi

(5.19)

The latter method is more robust, as the constraints remain exactly satisfied. Ap-
plying constraint forces as from (5.17), the c.o.m. of the AA particles may slowly
drift away from the CG position.

5.3.2 Temperature

AA and CG temperatures The system contains two subsystems: the CG posi-
tions R with velocities Ṙ and the relative AA positions s with velocities ṡ. If the
coupling between the two systems is not very strong, the thermal equilibration
within each subsystem may well be faster than the thermal exchange between the
subsystems. In that case it makes sense to speak of two separate temperatures:
T AA for the AA subsystem and T CG for the CG subsystem. One may artificially
maintain two different temperatures by coupling the subsystems to two different
temperature baths. The situation is somewhat similar to the ab-initio MD method
of Car and Parrinello,47 where the nuclear motions have a temperature T while
the subsystem of electronic wave functions is simultaneously maintained at a very
low temperature.
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The two temperatures are defined by the kinetic energy and the number of
degrees of freedom (d.o.f.) of each subsystem. For the CG subsystem with N
particles there are 3N d.o.f. and the temperature is given by

T CG = ∑i Mi(Ṙi)2

3NkB
. (5.20)

The AA subsystem has 3(n−N) d.o.f. when there are n AA particles. Hence the
temperature is given by

T AA = ∑i ∑k mik(ṡik)2

3(n−N)kB
. (5.21)

Statistical-mechanical considerations Ideally, a CG description of a system
preserves the thermodynamic quantities of the AA description. In particular, for
a well-designed CG potential, the distribution of equilibrium configurations w(R)
of CG-positions should be the same for the full AA system (λ = 1) and the full
CG system (λ = 0):

wCG(R) ∝ exp[−βV CG(R)]; (5.22)

wAA(R) ∝

Z
exp[−βV AA(R,s)]δ(σ)ds (5.23)

wCG(R) ≈ wAA(R) (5.24)

In (5.23), δ(σ) is a shorthand notation for a product of delta functions

δ(σ) = Πiδ(σi(s)) (5.25)

that take care of the constraints in the integration over all allowed s coordinates.
Note that (5.22) - (5.24) imply that

V CG(R) =−kBT ln
Z

exp[−βV AA(R,s)]δ(σ)ds+ const., (5.26)

that is, the CG potential is a potential of mean force with respect to the s co-
ordinates. In practice, since the CG potential is not usually derived from AA
simulations and a simplified description is used, the actual CG potential may not
exactly fulfil (5.26). In that case also (5.24) is not exactly fulfilled.

Now, what will be the distribution function of R, generated by a mixed sys-
tem with parameter λ? Assuming that the AA subsystem is equilibrated at a
temperature T AA = (kBβAA)−1, this distribution will be

wλ(R) ∝

Z
exp[−β

AA
λV AA(R,s)]δ(σ)ds. (5.27)
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It is clear that this distribution is compatible with (5.23) only if

β
AA

λ = β (5.28)

meaning that the AA temperature must be

T AA = λT. (5.29)

This is not surprising, since we wish the distribution of AA particles to be given
by the AA potential, irrespective of λ. Thus, if we scale V AA, we should also
scale T AA to keep the Boltzmann factor the same. Conversely, if we would scale
the AA potential without scaling the temperature, the AA subsystem would tend
to an ideal gas at low values of λ, with a behavior that would deviate radically
from the required distribution and with the AA particles flying wildly throughout
the system.

5.4 Configurational entropy of liquid hexadecane at
fixed λ points

In order to investigate whether the mixed systems sample a similar configu-
rational space as the pure CG or AA systems, the intramolecular configurational
entropy was measured. This entropy can be determined approximately from the
covariance matrix of the distribution of internal coordinates,140 either for the CG
coordinates (for all λ ∈ (0,1)) or for the AA coordinates (for λ > 0). When the
sampled space for two simulations is comparable, at least their configurational
entropies should be similar. A large discrepancy indicates a large difference in
probability distribution and therefore unreliable thermodynamic properties.

Below we present results for two types of CG forcefields. First, properties
of the mixed systems with the MARTINI forcefield employed to describe CG
interactions are analyzed. Second the iterative Boltzmann procedure22 is used to
construct an effective CG forcefield from distributions calculated from atomistic
simulations.

5.4.1 Simulation details

The system consisted of 284 hexadecane chains. The simulations were per-
formed using our modified version 3.3.1. of the GROMACS software package.76.
The parameters for fine-grained hexadecane were taken from the united-atom
GROMOS forcefield parameter set 53A6.34 At the coarse-grained level either
the MARTINI forcefield33 or a forcefield obtained with the iterative Boltzmann
procedure was used.
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Figure 5.1: Effective potentials for CG hexadecane obtained with the iterative
Boltzmann procedure. Shown are bonded potential (A), angle potential (B), di-
hedral potential (C), and the nonbonded potential (D).
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To construct the IB potentials, a 50 ns long atomistic simulation was per-
formed. From this trajectory bond, angle, dihedral and radial distribution func-
tions were obtained and subsequently used to construct the effective CG force-
field for hexadecane (IB procedure detailed in Section 1.2.2). The mapping
scheme was the same as in the MARTINI model. During the procedure about
20 iteration cycles were performed for each interaction, starting with optimiza-
tion of the bonded potentials and refining the nonbonded interaction at the end.24

The quality of the potentials was measured using RMSD criteria, as explained
in Section 4.3.3. The nonbonded interaction was additionally tuned to match the
reference atomistic pressure. The final potentials are presented in Figure 5.1.

Newton’s equations of motion were integrated using the leapfrog algorithm7

with a 2 fs time step at both levels. At the fine-grained level, all Lennard-Jones
interactions within the 0.9 nm short-range cut-off were evaluated every time-
step, based on a pair list recalculated every 10 steps. The Lennard-Jones po-
tentials within the long-range cut-off distance of 1.4 nm were calculated simul-
taneously with each pair list update, and assumed constant in between. Note
that in the united-atom model, the electrostatic interactions are zero. With the
MARTINI coarse-grained model, a shifted Lennard-Jones potential was used to
calculate non-bonded interactions (beyond next nearest neighbors), calculated us-
ing a twin-range cut-off scheme with short-range and long-range cut-offs of 0.9
and 1.2 nm, respectively. A cut-off of 1.4 nm was applied for the nonbonded IB
interactions. Constraints were not used at either levels of description. The forces
and positions of the CG beads and of the AA atoms were calculated as described
in Section 5.3. The simulations were carried out in a cubic box of dimension 5.27
nm with an isothermal (NVT) ensemble, using a Berendsen thermostat,120 with
a coupling constant τT = 0.01 ps. At the CG level, the temperature was always
coupled to a bath at a reference temperature of 300 K. The reference tempera-
ture for coupling to the AA level was scaled with λ as described in Section 5.3.
For analysis, the atomic coordinates were saved every 2 ps. The MD data were
analyzed using standard and adapted GROMACS tools.

The configurational entropy of the chains was calculated at both the AA and
the CG level from the mass-weighted covariance matrix D in the quasi-harmonic
approximation due to Schlitter:140

Strue ≤ S =
kB

2
ln det(I+

kBTe2

~2 D) (5.30)

Here, S is the calculated upper bound to the true configurational entropy, kB

the Boltzmann constant, I the unit matrix, T the absolute temperature, e the base
to the natural logarithm, and ~ Planck’s constant divided by 2π. Before calcula-
tion of S, overall translation and rotation of the molecules during the simulation
is removed by shifting the center of mass of each configuration to the origin of
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λ CG: 10 ns CG: 25 ns AA: 10 ns AA: 25 ns
0.0 175 175 n.a.
0.2 166 854
0.5 167 865
0.8 169 169 859 859
1.0 170 170 832 835
Lit.141 176 824

Table 5.1: Configurational entropies (in J K−1 mol−1) of hexadecane molecules
according to Schlitter’s quasi-harmonic approximation calculated from the mass-
weighted covariance matrix after 10 and 25 ns of simulation (500 and 1250 con-
figurations, respectively. Only selected simulations were continued up to 25 ns
simulation time). CG description of the system was represented with the MAR-
TINI model.

the simulation volume and performing a best rotational fit of the atoms to the
average structure. This procedure and application to AA and CG hexadecane has
been described previously.141,142

5.4.2 Results for the MARTINI CG model

Configurational entropies The final values of the configurational entropies at
AA and CG levels after 10 and 25 ns of simulation averaged over 32 randomly
chosen molecules are given in Table 5.1.

In accord with previous results, the configurational entropies are nearly con-
verged after 10 ns of simulation, in particular at the CG level. The build-up curves
of the configurational entropy as a function of simulation time are shown in Fig-
ure 5.2. The build-up curves are similar to the ones reported previously at fully
AA and fully CG descriptions.141 The final values agree within a few percent
with earlier reported values. Note that the absolute values of the configurational
entropies of AA and CG descriptions are different because the number of atoms
(16 at AA level) and beads (4 at CG level) from which the number is calculated
differs. The results presented in Table 5.1 show that the configurational entropy
of the hexadecane chains is not strongly dependent on the value of λ. The config-
urational entropy of the CG system decreases somewhat upon increasing λ, i.e.
upon adding AA character to the mixed description. Nearer full AA character,
the configurational entropy of the CG system approaches the full CG value again.
The configurational entropy at the AA level appears to be somewhat higher when
CG character is present. The latter can be explained by the fact that at lower AA
character, the interactions between AA atoms are diminished and the chain be-
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λ CG: λs AA: λs CG: 1−λ2
s AA: 1−λ2

s
Mean ± St. dev Mean ± St. dev

0.0 1.00000 - +2.4×10−7±4.3×10−4 -
0.2 1.00012 0.99794 −2.4×10−3±7.9×10−3 +4.0×10−3±8.0×10−4

0.5 1.00056 0.99951 −1.1×10−3±3.0×10−3 +9.3×10−4±1.1×10−3

0.8 0.99990 0.99995 +1.7×10−4±1.5×10−3 +1.2×10−4±1.3×10−3

1.0 - 1.00000 - +1.0×10−6±1.0×10−4

Table 5.2: Observed scaling factors λs for Berendsen thermostats in simulations
of liquid hexadecane at constant values of λ. CG description of the system was
represented with the MARTINI model.

comes more flexible. The reason for the behavior of the CG entropy as a function
of λ is not clear. An exact agreement is not to be expected, since the CG parame-
ters have not been derived as a potential of mean force from detailed simulations,
but rather were adjusted to thermodynamic properties. Especially the dihedral
distributions from the CG forcefield are known to be different compared to those
obtained from a mapping from the AA to the CG representation,141 and radial
distribution functions tend to be more structured.142

The results presented here for hexadecane show that the configurational
spaces sampled during a simulation at mixed levels are similar to each other.
Figure 5.2 also suggests that the conformational space at the AA level is searched
more quickly when CG character is mixed into the simulation. At λ = 0.5,
the estimate of the entropy has reached 800 J K−1 mol−1 after 200 ps (inset of
Figure 5.2); a similar value is reached after only 4 ns when the simulation
is run at the fully AA level. It is this property that is used in replica exchange
simulations where λ is used as parameter connecting different instances of the
system, rather than temperature.65,66,67 Looking at Figure 5.2 suggests that it
may not be necessary to extend such a simulation to the full range of λ values,
but at least for this system, one need not go further than a λ of 0.5.

Heat flow from thermostats As additional assessment of the compatibility be-
tween CG and AA levels of description, the heat flow between the temperature
baths of CG and AA subsystems was monitored. In the simulations, constant
temperature was maintained by using Berendsen thermostats,120 coupling to CG
and AA subsystems separately. The thermostat acts by scaling the velocities of
all particles in a subsystem in each step by a factor λs, depending on the devia-
tion of the temperature of the subsystem from the required temperature. It effec-
tively drives temperature deviations to zero through a first-order process with a
time constant τT . If temperature is perfectly maintained, λs = 1 at each step; if
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Figure 5.2: Average configurational entropy of AA hexadecane (CG description
of the system was represented with the MARTINI forcefield) as function of time
for several values of λ, (red, 1; yellow, 0.75; blue, 0.5; orange, 0.25 ).

the subsystem tends to heat up, λs < 1 on average. Usually, noise due to small
cut-off errors tends to produce a slight heating of the system, which is then coun-
teracted by the thermostat. The average values of λs for CG and AA subsystems
for the simulations of hexadecane at several values of λ are reported in Table 5.2.
The severity of the systematic cooling or heating of subsystems is better seen
when monitoring the quantity 1−λ2

s , which is a measure for the deviation from
strict energy conservation. This quantity, if multiplied by the ratio of coupling
constant and time step (here equal to 5), is equal to the relative deviation of the
system temperature from the bath temperature. The mean and standard deviation
from the mean of this quantity is also given in Table 5.2. It is seen from Table 5.2
that there is net heat flow between the bath and subsystems in the mixed CG/AA
simulations, which is not observed in the pure CG and pure AA simulations. At
the lower values of λ, heat flows from the thermostat out of the AA subsystem
and into the CG subsystem, meaning that heat flows internally from CG to AA
subsystems. This internal flow is expected because the AA system is kept at a
lower temperature. However, the average internal heat flow is very small and
drowns in the random fluctuations; temperature deviations from the bath values
are only about 1% for λ = 0.2. At λ = 0.8 the internal flow is negligible as the
bath absorbs heat from both CG and AA subsystems. The general trend appears
to be that the net flow of heat is higher at lower λ (but vanishes at the pure CG
level).
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Figure 5.3: A: Average configurational entropy of AA hexadecane as a function
of time for several values of λ. B: Angle distribution for hexadecane molecule
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Angle values were calculated on the CG level. CG description of the system was
represented with the forcefield obtained through iterative Boltzmann procedure.

5.4.3 Results for the iterative Boltzmann model

To test the impact of the type of CG forcefield on the extent of heat flow from
the CG to the AA degrees of freedom, we performed additional experiments with
the IB potentials employed to represent the coarse-grained part of the model. The
same set of configurational entropy calculations as for the MARTINI model was
performed for the new IB forcefield. In Figure 5.3A, the build-up of configura-
tional entropy over simulation time is shown for four λ values. Similar to the
MARTINI case, the convergence is faster with the mixed scheme, and the final
values are somewhat higher for λ points 0.75 and 0.5. However, the entropy for
the λ 0.25 simulation is significantly lower. To explain the drop, we calculated
CG angle distributions for all λ points. In Figure 5.3B the results are summa-
rized. Hexadecane chains become elongated when the λ value is set to 0.25. This
is similar to the effect of decreasing temperature, although the temperature of
the CG part of the system is maintained close to 300K, similar to the MARTINI
simulations. After visual inspection of the simulation, we could observe the “fly-
ing ice cube” effect, i.e. the low frequency motions were accumulating most of
the kinetic energy from the system and equipartition was not maintained. Tak-
ing all the observations into account we deduced that the higher rate of kinetic
energy exchange, comparing to the MARTINI simulations, is the reason for the
artifacts when a low λ value is used. Seemingly the “resonance” between the hy-
brid parts simulated with the MARTINI and GROMOS potentials was lower (due
to the larger forcefield mismatch compared to the IB potentials) and the thermo-
stat did not have to compensate for large temperature deviations (cf. Table5.2).
With the IB potentials, the thermostat injects a large amount of energy to the CG
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system (data not shown), but selectively to the low frequency modes (since the
high modes are constantly cooled down by the AA part) and the “flying ice cube”
effect occurs. Thus only moderate λ values can be used in order to preserve a
Boltzmann distribution. Local thermostatting, e.g. with the Langevin method,
can be used as a remedy for these artifacts, though large friction coefficients must
be used to maintain the desired temperature. This can significantly suppress dy-
namics in the system.

5.5 Summary and Conclusions

In this Chapter we have presented and tested a novel approach to multi-scaled
MD simulations with a constant mixing parameter λ. The mixing of the two rep-
resentation layers is done using a Lagrangian formalism with constraints and ap-
plying separate thermostats to the CG and AA subsystems. The AA subsystem
is coupled to a λ-scaled bath temperature. With this method one can achieve ar-
bitrary levels of mixing from a pure fine-grained system to a pure coarse-grained
system, however only when the heat flow between levels is low.

In the first section, where the CG MARTINI potential was employed, we
have shown that the structural properties of liquid hexadecane are not affected
by the multiscaling. We have also shown that the AA conformational entropy
of hexadecane builds up faster when using a mixed AA/CG system rather than a
pure AA system. It is therefore possible that a substantial gain in the sampling
speed of a conformational space can be achieved by using a mixed representation.

In the second section, where the iterative Boltzmann potential was employed,
we found that mixing does significantly affect properties of liquid hexadecane
especially at low λ values. In that case the heat flow between the two levels is
extensive and the thermostat cannot compensate the difference without bias. This
phenomenon is likely to be system and potential dependent and cannot be easily
remedied.

Overall, taking into account results from Chapter 4, the MARTINI forcefield
seems to be very suitable for multiscale simulations as it generates reasonable
CG ensembles and remains decoupled from the atomistic part.




