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1. GENERAL CONTEXT

Molecular Dynamics (MD) simulations.of liquids and
solids at equilibrium can now be performed at fixed Pressure
and/or at fixed Temperature instead of imposing the traditio-
nal constant Volume and Energy conditions -5) . In the "ex-
tended variable" methods of Andersen 2)and Nosé 4b) , tine
averages do correspnd to well defined ensemble averages, such as iso
baric -isoenthalpic or canonical ones.

Here we describe how these techniques can be effectively
extended to polyatomic molecules with intramolecular geometrical
constraints. Using atomic coordinates, these holonomic constraints6
can always be written as G ( { )-_[-\'.53= 0 where '&/‘Euﬁ
is a restricted set of atomic coordinates of the moTecu1e e AL VB
being an invariant function for a translation or a rotation of
the molecule as a whole. In the literature two kinds of constraints
have been considered explicitly: The bond constraint
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in which two atoms are held at fixed distance AL:& , and the

linear constraint
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where the cartesian coordinates of atom K are expressed as
a linear combination of the cartesian coordinates of a rigid
set of M basic atoms connected by 4 m, (aab-iﬁ rigid
bonds. The constraint (2) are necessary or at least useful
when a rigid set of atoms is }inear and contains more than 2
atoms (415:-1), is planar with more than 3 atoms (*YLb =3 )
or is 3 dimensional with more than 4 atoms (My=4) 5b)

These two kinds of constraints are certainly not the
only possibilities: it appeared recently 7 that to freeze
some specific high frequency vibration modes in a full atomic
model of normal alkanes, other forms of geometrical constraints
have to be introduced.
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In references » the fixed pressure, fixed tem-

perature “"extended variables" methods in M.D. have been discus-

sed whilst in references 3, 5)

,» their adaptation to molecules with
constraints has been considered mainly from a theoretical point

of view. Here we shall focus on the form and the integration
schemes of the cartesian equations of motion of individual atoms
for molecules with arbitrary constraints and in various external
conditions 5) We will give the methods to evaluate the constraint
forces but we will not discuss in detail here the techniques par-
ticular to specific constraints. The reader is referred to original
papers s)for that purpose.

2. EQUATIONS OF MOTION RELATIVE TO NVE, NVT, NPH AMD NPT ENSEMBLES

In the M.D. simulations where the pressure is exter-
nally fixed, the volume V of the sample is allowed to change in
order to equilibrate internal and external pressures 2)

In Nosé's method 4b) » the coupling with a heat bath at a given
temperature is realized through a scaling of velocities by an
extra variable S obeying to a well defined equation of motion.
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In the derivation of such methods for molecules with

5) the space

scaling governing the time evolution of the volume of the sample
is applied to the center of mass of molecules whilst the veloci-

constraints at fixed pressure and /or temperature

ty scaling affects all degrees of freedom.

The molecular system itself is described by the hamilto-
nian
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to which a specific set of, say Jl constraints (1) or (2) per
molecule, has to be added. L} (i{;&) is the potential energy

term containing intermolecular and possibly intramolecular contri- \
butions. Defining an "extended" mechanical system in some scaled
variables with vV and/or S as extra-variables, one derives

their equations of motion. Applying a judicious non canonical transfor-
mation to these variables, a new dynamics of the set % Ig;, 5 ffl‘ p \/} S %

is generated. The essential point is that the new mechanical sys-
tem and the variable transformation are such that the configura-
tions 4 Jlut 1}9& E of the system of interest obtained in

such trajectories appear with a frequency proportional to the
density of probability of well defined ensembles relative to

the mechanical system specified by L\i (3)2’5). The { ’r:fdj
are no longer conjugate momenta of the { {E“ g in any "extended
variable" method; we have the property

/h:\‘a( = M ( )}\'d - g_.( V/BV) (4)
where F&j is the center of mass coordinate. Note that the

second term in the r.h.s. of (4) is absent when the volume re-
mains fixed as in the canonical ensemble case.
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There is still a (non hamiltonian) conserved quanti-
ty in the new dynamics,

I-Iz_ = Hﬂ_({ﬂ:‘.{, /fﬂ._n{ﬁ) +:11, \“_/_G*\‘/Z-L lam.l: V
L S
;4 Ws § 4-3,&3'1;5 A s (5)
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where \A/q and \/; are inertial parameters driving the fluctu-
ations in pressure and temperature respectively. q,: N (3»1:\.---E )
is the number of degrees of freedom (J constraints per molecule).
Jke; is the Boltzmann constant and 7:~h and Ru$ are parame-
ters fixing the heat bath temperature and the external pressure.

The final equations of motion, written as second order
differential equation of the cartesian atomic coordinates, are
of the following general form

v o <) (£
M o F.“" S Q’»’d 2 ’9(; * t\r”)

i‘. —

—
(o]
—

40

























