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IRecent developments in both experimental and computational techniques are leading to

agreater understanding of the liquid state at the microscopic molecular level.The following

three articles, in describing some of these advances, extend and update the coverage of

activities in the area of liquids that was presented in the Liquids Special Issue, EPN 30/3. 1

Readive liquids from first prindples other hand, have learned to exploit these
properties and water is the preferred sol
vent in biochemistry.

Computer modelling has already made
essential contributions to unravelling the
complexity of aqueous solutions. In par
ticular it has helped us rationalizing the
activity of biomolecules. Numerical sim
ulation is certain to play a similar role in
the study ofreactive solutions, such as wa
ter at non-neutral pH. However, owing to
the lack of reliable force fields, aqueous
chemistry has eluded treatment by atom
istic modelling so far. This situation is
rapidly changing now as a result of ad
vances in ab initio Molecular Dynamics
(MD) methods. This new technique in
computational chemistry combines the
Density Functional Theory (DFT) ap
proach to electronic structure calculation
with simulation of finite temperature dy
namics, thus avoiding parametrized force
fields altogether.

A first priority in the application to liq
uids was verifying that the accuracy of
DFT is adequate to describe the compara
tively weak intermolecular interactions
determining the physics and chemistry of
these systems. For aprotic solvents, domi
nated by VanderWaals forces, the techni
cal difficulties have not been fully resolved
yet. For hydrogen bonded liquids, on the
other hand, a class of electronic energy
functionals developed by chemists specif
ically for the application to molecules,
such as BLYP, was found to be able to sta
bilize liquid conditions at ambient tem
perature yielding structural and dynami
cal properties in excellent agreement with
experiment[l,2]. Using this approach Sil
vestrelli and Parrinello determined the ef
fective molecular dipole moment in liquid
water[2]. The value they obtained is 3.1D,
almost the double of the 1.85D in vacuum.
This result is a good illustration ofhow ab
initio MD can be used to obtain data that
cannot be directly deduced from experi
ment. Also from a more technical point of
view this computation represents a major
step forward. It required overcoming the
difficulty of identifying molecular entities
in the collective extended DFT electronic
ground state which makes no such dis
tinctions. Thus, by using a localization

molecules the freedom to make way for
solvated reactive species allowing them to
assume the often higWy specific configu
rations required for a successful reactive
encounter. Polar solvents have the further
crucial function of assisting in the separa
tion ofcharged products. An all important
example of a polar solvent is, of course,
water.What is unique for this most famous
among solvents is the ability ofwater mol
ecules to form strong hydrogen bonds to

ionic or polar
solutes and at
same time main
tain hydrogen
bonding to fel
low water mole
cules in the sur
rounding sol
vent. Multiple
hydrogen bond
ing is the expla-
nation why water
is capable of sta-
bilizing ionic
species that
hardly exist any
where else. How
ever, the tenden
cy of water to di

. ~ rectly participate
~ in a reaction, ei

ther as reactant
or catalyst,
makes aqueous
reactions com-
plex and difficult
to control. This is
the reason that
water, in fact, is
one of the less
popular solvents
in organic chem
istry laborato
ries. Living or
ganisms, on the
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M odelling and computer simulation
have played a vital role in our un

derstanding of liquids. The use of nwner
ical methods has enabled us to character
ize and quantify the finite temperature
fluctuations which stabilize the liquid
phase and distinguish it from the solid
state. Dynamical disorder is also the deci
sive factor that makes liquids a suitable
medium for chemical reactions. Diffusive
and reorientational motion gives solvent

)shot of an initio MD simulation of liquid water. The H20 geometry is
:ated by wire frames with black for Hand gray for 0 atoms.The blue
•are hydrogen bonds.The red balls are a representation of the
mtaneous (adiabatic) electronic ground state. They are the centres of
lized (Wannier) wavefunctions[3] with an occupation of two electrons
.tate. Each molecular frame has four of these centres attached to it,
!sponding to the valence states of that particular molecule. This
esentation was employed by Silvestrelli and Parrinello[2] to compute
nolecular dipole moment in the Iiquid(3.1 D).
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scheme[3] Silvestrelli and coworkers suc
ceeded in recovering the molecular de
scription of the liquid.

The encouraging results for pure water
gave the green light for a series of ab initio
MD applications to simple acidic and ba
sic solutions. A milestone here was the de
tailed examination of the excess proton in
water by Tuckerman et al.[4] which con
tributed to resolving the old controversy
about the role of the H 50i (Zundel) and
H90: (Eigen) cation. When these ions are
viewed embedded in the hydrogen bond
ed network of the surrounding liquid, they
turn out to be two phases of the same fluc
tuating complex. The simulation showed
that the dynamical rearrangements in the
pattern ofhydrogen bonds driving the in
terconversion of these two structures are
also the key to the explanation of the
structural (Grotthuss) diffusion of the sol
vated proton. Subsequent investigations of
two prototypical strong aqueous acids,
sulphuric and hydrochloric acid (Laaso
nen et al.) are extensions ofthe excess pro
ton work and confirmed that DFT esti
mates for the pH of these solutions are in
the correct range ofvalues. Recent path in-

tegral ab initio MD calculations by Marx
et al., addressing the role of proton quan
tum effects, have validated and refined this
picture[5]. Weak acids pose more of a
technical problem, because of the highly
activated nature of proton release. A first
attempt to a determination of the pK of
water resulted in a value of 13 (Trout et
al.).

Ab initio MD is ready to be employed in
investigations of reaction mechanisms in
aqueous solution. Examples ofstudies that
have been recently completed, or are cur
rently under way, concern acid catalyzed
addition of water to a carbonyl group
(Meijer et al.), ligand substitution of a cis
platin complex (Carloni et al.) and the
conformation of peroxynitrous acid (Do
clo et al.). In all of these cases the ab initio
MD clearly exposed the concerted nature
of the processes in aqueous chemistry.
Looking ahead, an important task for the
near future will be the quantitative char
acterization of reactivity in water and oth
er protic solvents. In particular the first
principle computation of pK, redox po
tentials, activation energies and, ultimate
ly, reaction rates is a major challenge. A

further topic which is already the subject
of intensive ongoing research is the devel
opment of methods for the evaluation of
the response functions determining opti
cal and NMR spectra of liquids with as a
first result a fully DFT based computation
of the infrared absorption spectrum of
liquid water[6]. Ab initio molecular dy
namics may very well the onlyway to deal
with the level of complexity prevailing in
liquids in which the electronic states are
strongly coupled to thermal disorder.
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A present challenge in condensed mat
ter physics is the understanding of the

microscopic dynamics of liquids, dense
fluids and glasses. The collective dynami
cal properties at wavelengths approaching
inter-particle distances, d, are intimately
related to the determination of many
macroscopic quantities as, for example,
thermal expansion, thermal conductivity,
specific heat and viscosity. In particular, it
is of great interest to study the collective
dynamics in the transition region bridg
ing the long wavelength and long time hy
drodynamic behavior, where a density
fluctuation in the system can be described
as a small perturbation of an isotropic
continuum in thermodynamic equilibri
um, and the single particle regime, where
the dynamics is considered at very short
length- and time-scales and can be pic
tured as that of a free particle among suc
cessive collisions. This intermediate region
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is particularly relevant because it reflects
the properties of the particle-particle cor
relation function at distances approaching
the inter-particle distances and at times
typical ofdensity fluctuations at the inter
particle level, i.e. in the pico-second range.
This dynamics can be investigated by the
experimental determination of the dy
namic structure factor S(Q,E) - the time
and space Fourier transform of the parti
cle-particle correlation function - in the
momentum (Q)-energy (E) regions of0.1
to 20 meVandO.01 to lOnm-1.

In crystalline systems, this is one of the
most successful applications of inelastic
neutron scattering (INS) [1]. In disor
dered systems, the neutron technique has
been successfully used to investigate the
dynamics at momentum transfers typical
lylargerthan 10nm-1 [2].Atwavelengths
longer and comparable to d, due to the
kinematics conditions of available neutron

spectrometers, serious difficulties are
found to probe acoustic excitations with
speeds ofsound, v, larger than V@1500rn/s.
The typicalvalues ofv in liquids and glass
es are either comparable or considerably
larger than 1500 m/s, and this is the main
reason why, in disordered systems, a com
prehensive experimental picture of the
high frequency collective dynamics is still
missing.

Inelastic x-rays scattering (IKS) with
101t20 keV incident energyis, in principle,
a complementary method to INS for
studying acoustic modes at small momen
tum transfers. In fact, providing sufficient
energy resolution and incident beam in
tensity, one can access the desired phase
space.

The IXS technique is a recent develop
ment, made possible by the high spectral
flux density of the new synchrotron radi
ation sources, and by new ideas in x-ray
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