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N SCCS Editorial

Welcome to the 9'" newsletter of the EPSRC National Service for
Computational Chemistry Software. We are delighted to announce that the
tender exercise for the new hardware took place over the summer and that a
decision has now been made. The machine chosen is an SGlI Altix 4700 with
224 core 1.6 GHz/ 18MB Montecito Itanium2 processors and 896 GB memory.
Sorage will be supplied in the form of an SGI Direct Attach InfiniteStorage
Array, which will provide 15 TB of disk space. The SGI delivery and

We®e on the Web! installation is planned for the end of October and it is hoped that users will
http://www.nsccs.ac. uk be able to access the machine by the end of November. An email will be
circulated on the JISC mailing list nearer time, informing users when the
machine isready and the software packages that are available.

In the third week of September both a Management Committee
meeting and a CCWP meeting were held, where two key decisions were taken
with regards to the NSCCS In preparation for the new hardware, the

Contents Management Committee agreed to extend the maximum amount of CPU time
per annum to 100,000 CPU hours. The application forms and notes will be
updated shortly. It was also decided that following the success of the User
Meeting in March, two joint CCWP/ User Meetings will be held next year in
March/ April and in September. These will be predominantly scientific
meetings with 4 or 5 talks from users of the Service followed by a poster
session. However, each meeting will be preceded by 30 minutes of NSCCS
business which both users and CCWP members are welcome to attend. The
first of these meetings is provisionally scheduled for the 29" March 2007, but
will be confirmed nearer the time.
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Training News

On the training side, our software workshops for 2006 are now over
and we are pleased to report that this year the number of people trained has
been higher than ever. As always, we are very grateful to the tutors of all of
the workshops we have held this year for their hard work, and we hope that
we will be able to invite them back to give similar workshops in the near
future. We are now in the process of organizing our workshops for 2007 and
we hope to be able to give you more information on those in the next
newsletter.

Finally, we are happy to inform you that the assessment of the final
report on the previous grant has now been received from the EPSRC and it
has been given an overall grade of GOutstandingQ We hope to be able to
continue to keep up the good work!

Sarah Wilsey

Department of Chemistry, Imperial College London, South Kensington, London SN7 2AZ

E-mail: Sarah.Wilsey@mperial.ac.uk Tel: 020 759 41220 Fax: 020 759 45804
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Dr Westacott is a lecturer in
Chemical Engineering at Heriot-
Watt University. His research is
focused on investigating
engineering issues of relevance
to industry, in particular
deposition processes in oil and
gas transportation,
supercritical fluids, separations
and catalysis, and more broadly
solvent effects on chemical and
biological processes. He has
been a user of the Service for 3

Scientific Highlight

Hydrophobic Gases at an Aqueous Interface

Dr Robin E. Westacott
Chemical Engineering, Heriot-Watt University, Edinburgh, EH14 4AS

Abstract

The goals of this project were to use molecular dynamics simulations to investigate the interface
between liquid water and gases that form clathrate hydrates (e.g. methane and propane). This
interface is the region where the gas is likely to be at concentrations up to the 1:6 ratio of gas
molecules to water molecules found in the clathrate hydrate crystals. Molecular dynamics
simulations were performed over a range of temperatures and pressues to investigate different
regions of the phase diagram. These simulations indicate that (i) the density enhancement of the
gas at the interface is a function of the original gas density, (ii) the concentration of gas in the
interface varies with temperature and pressue, (iii) the critical ratio appears close to the hydrate-
liquid water phase line, and (iv) the nature of the interface appearsto be such that hydrate, rather
than ice, will be the preferential sdlid phase if a suitable gas is present at the right concentration

years.

and under the right conditions.

Introduction

Gas hydrates are crystalline solid soutions of non-polar
gases in a soid water lattice, in which the ratio of gas
molecules to water molecules can be as high as 1:6. Snce
most gases that form gas hydrates are considered to be
insoluble in water, the most likely place for hydrate
formation to begin is at the interface between the water
phase and the hydrate forming fluid. Hydrocarbons from
methane to isobutane, noble gases and several other small
molecules, including carbon dioxide, are among the possble
QuuestOspeciesin gas hydrates [1].

Gas hydrates are of significant interest for a number of
reasons including the disposal or long-term storage of
greenhouse gases, and flow assurance in oil and natural gas
transmission lines. These interests provide a strong
motivation for developing low cost additives to control
hydrate formation. Currently, hydrate formation in pipelines
is prevented using thermodynamic inhibitors, such as
methanol, to move the hydrate-water-gas three-phase line to
higher pressure and lower temperature. The problem with
this approach is that the more severe the conditions, the
more inhibitor that is required to prevent hydrate formation.
In the Gulf of Mexico and other deepwater regions such as
the North Sea, more than 60 wt%methanol is used to ensure
that hydrates do not form in the pipelines [2]. However, the
search for effective, low cost additives to control hydrate
formation has been severely hampered by lack of detailed
understanding of hydrate formation at the microscopic level.

One area that requires detailed investigation in this
regard is the gas-water interface and this project seeks to
provide information on this issue. Ohmura et al. [3] clearly
showed that hydrate formation from liquid water and a
hydrophobic liquid occurs initially through the formation of a
thin hydrate film that grows very rapidly along the interface.
After a short delay, the process continues through crystal
growth into the water phase only if the water is pre-
saurated with hydrate-former. Subsequently, Uchida et al.
have shown that carbon dioxide hydrate initially forms as a
thin film between liquid carbon dioxide and water [4].
Afterwards, slow dendritic growth is observed on both sides
of the interface, although it is more rapid in the water phase.

Over the past 15 years, considerable effort has been
made to study liquid interfaces and phase behaviour using
molecular dynamics simulations. These calculations have also
been extended to investigate adsorption of molecules at the
liquid surface and for the study of ion or molecule transport
through these interfaces for systems as diverse as liquid-
vapour equilibrium [5] and phase transfer [6]. Of particular
interest here is the work of Dang and co-workers [5, 6] and
Cordeiro and co-workers [7, 8], who have studied the transfer
of small molecules acrossliquid-liquid interfaces and Lynden-
Bell and co-workers who have investigated the transfer of
single small molecules across a water/ water vapour interface

[9].
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Methodology

Molecular dynamics simulations have been performed
using DL_POLY. The systems investigated have been 1000
water molecules together with either methane or propane
molecules. The molecules have been arranged in the
simulation box so that the water forms a slab approximately
30+ thick with gas moleculesin the void space in a simulation
box 30¢ x 30 x 90e, which leads to two methane/ water
interfaces. The water slab was allowed to evolve for 0.5ns
before the gas molecules were added. Different quantities of
gas were added to generate gas densities asscciated with
presaures at various points in the gas hydrate phase diagram.
One gas density was chosen to be outside the hydrate-stable
region and another well inside the hydrate-stable region. A
third, just inside the hydrate-stable region was chosen for the
methane-water system only. Smulations were performed at
240K and 280K. The water molecules were modelled using
both the rigid SPC/E potential which has fixed OH bond
lengths of 1. and a fixed HOH angle of 109j 470 and the
flexible F3C potential. Methane molecules were modelled as
united atoms and propane as three united atoms using the
OPLS parameters.

Results and Discussion

It was found that even though methane and propane
are insoluble in water, they prefer to cluster next to the
water, rather than be uniformly distributed throughout the
vapour region. This enhancement of density at the surface
(i.e. the ratio of local density at the interface to bulk gas
density) is greater at low pressures than at high pressure
(Fgure 1).
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Figure 1 Density enhancements for methane at a water surface as a
function of pressure and temperature. Red, yellow and green lines
are the high, intermediate and low pressure cases, respectively. The
blue line represents liquid water and is virtually identical at all

conditions.

As can be seen from Fgure 1 (for methane and water), the
density enhancement factor depends on the system pressure.
In the low presaure system, the maximum methane density at
the interface is 2.8 times higher than the bulk methane
density. In the high pressure system, however, the gas is
more like a liquid and so the density is enhanced by a factor
of only 1.07. The behaviour is qualitatively the same for the
propane and water system.

As the presaure increases, so the 10-90 thicknesses of the
water and methane increase (see Table 1). Also, the separation
of the water and methane Gibbs surfaces increases. The widths
of the interfaces in the water only systems are in agreement
with an extrapolation of the results for SPC/ E water slabs at
higher temperatures by Alejandre et al. [10].

240K 280K

slab low medium high slab low medium high

tw 203 265 283 3.08 3.07 3.14 3.19 325

t 2.

~1

g G 3.12  3.60 3.06 3.15 3.35

A 0.08 0.22 0.28 0.1 024 037

Table 1 Interfacial parameters. 10-90 thickness for the water t,, and
methane tgy interfaces. The interface thickness ! is the distance
between the Gibbs surfaces for the water and methane. GlabOdenotes
the systems without any gas. All distances arein «.

As the presaure increases, the concentration of methane
molecules in the interfacial region increases (see Figure 2). In
the medium pressure system (triangles in Fgure 2), the mole
fraction of methane at the water® Gibbs surface is equivalent
to approximately 1 methane molecule to every 6 water
molecules, which is similar to that found in methane clathrate.
In the high pressue system, this ratio appears at about 0.5¢
below the Gibbs surface.
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Figure 2 Concentration of methane at height above the water Gibbs
surface. Green sguares. low pressure; yellow triangles: medium
pressure; and red circles: high pressure. Open and closed symbols refer
to the two interfaces in the simulation box, respectively - these occur

at different z values if the dab is not perfectly centred in the
simulation box.

methane mol. frac.

We have used an order parameter, F;, which describes the
deviation from tetrahedral to obtain information on the local
water structure (F3 = 0 for perfectly tetrahedral) [11] (see
Figure 3). We have also used an order parameter, F; which
describes the H-OBD-H torsion angle between neighbouring
water molecules [12] and typical valuesin the order of .4, 0.8
and .03 for ice, clathrate and liquid water, respectively.
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The z profiles of F3 and F, are shown in Figure 3 and it
can be seen that the centres of the slabs are liquid-water
like. Fgure 3 clearly shows that the interface is more
tetrahedral than the bulk, but not astetrahedral as either the
salid hydrate of ice |,. Near the Gibbs surface, the F; value
tends towards zero indicating a more tetrahedral
arrangement as would be expected given that the density is
lower. The F, average startsto increase from the value in the
bulk at about 5¢ below the Gaussian surface. The largest
change occurs over a range of about 3¢, although there
appears to be a shoulder just below the surface.
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Figure 3 The F; profile (top) and the F, profile (bottom) at 240K
showing only slight pressure dependence. Diamonds: slab only;
squares. low pressure; triangles: medium pressure; and circles: high
pressure.

The increase in the average F, value indicates a more
clathrate-like arrangement of the water molecules at the
surface than in the bulk. This occurs in all systems including
the ambient pressure water slab without any methane and
does not change much with pressure. The profile at 280K is
essentially the same as at 240K except the bulk value
increases to about -0.012. The slight increase in the average
F4 value at the surface compared to the bulk suggests that
given an appropriate guest molecule, the water surface is
ready to form clathrate. If, however, there is no such
molecule, the surface is also in a suitable configuration to
form ice. The other interesting feature, which is still under
investigation, isthe region of F; disorder just below the Gibbs
surface.

Hardware News

Conclusion

The interface between liquid water and methane at a
range of pressures have been investigated using molecular
dynamics simulations. These simulations have shown that
water molecules at the interface are more tetrahedral than
those in the bulk, but less so than both relevant solid water
phases. Further, the water molecules at the interface are
compressed due to the gas pressue and this means that the
water molecules experiencing the highest methane pressures
are lesstetrahedral than the other systems.
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O The new SGI Altix 4700 is scheduled for delivery and installation at the end of October and it is hoped that
users will be given access to the machine by the beginning of December. The plan is for the Altix to become
the main system for the Service in terms of interactive logins and user file systems, and for the Alphaserver to
be retired. In order to minimize disruption to the users, it is anticipated that there will be a period of overlap
between the two systems to allow users to get used to the new machine and to make sure everything is

migrated over correctly.

O A new helpdesk is being set up at RAL for user queries on Columbus. The new email address will be
columbus@hpc-support.rl.ac.uk. Emails sent to the old address will automatically be redirected to the new

address when it is ready.

O We would like to apologise again for any inconvenience caused to users due to the air-conditioning failure in
the machine room at RAL over the summer. This was partly due to the heat exchangers being installed
incorrectly. These have now been fixed and so hopefully we will not have the same problems next summer.
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Software News

The following software packages have been implemented and released during the last quarter.
o *MOLPRO 2006.1(July 2006, Columbus (serial only) and Columbus-Ix (serial and parallel))

*AMBERO (July 2006, Columbus-Ix (serial and parallel))

*Turbomole 5.8.0 (July 2006, Columbus-Ix (serial and parallel))

*DLPOLY versions 2.16 and 3.06 (September 2006, Columbus-Ix (serial and parallel))

*GULP3 (September 2006, Columbus-Ix (serial and parallel))

*JESTA 2.0 (September 2006, Columbus-Ix (serial and parallel))

0 0 0 0 0o

In addition to these, the Service also currently supports the following software packages.

Columbus (Alphaserver):

O *GAUSSAN 03 Rev. C01 with GaussView a GMUL 4

Q *Q-Chem2.1.0.2 Q GROMACS 3.2 and 3.3

Q *ADF 2004.01 with ADF GUI and BAND Q GROMOS 96

O CRYSTAL 03 Q MOLCAS 6.2

o *balton1.2.1 a AUTODOCK 3.0

o GAMESSUK 7.0 Q SHELL 4.3

o *AMBERS.0 Q ACER2

O *DL_POLY version 2.14 and 3.02 a VIBRA

O *GAMESSUSv.18 a CADPAC 6.5

0 Columbus5.9.0 Q *GULP 1.3

Q Orient 4.5 Q TURBOMOLE 5.71

O Dynamo_v2 Q ChemShell 3.0
Columbus-Ix (Opteron Cluster):

O *GAUSSAN 03 Rev. C01 Q *GROMACS 3.2 and 3.3

Q *ADF 2005 with BAND Q CRYSTAL 03

O COrient 4.5 a *Dalton 2.0

a *GAMESSUK 7.0 Q *Q-Chem 3.0

O *GAMESSUSV.19 a Dynamo_v2

O *Jaguar 6.0 with Maestro Q AUTODOCK 3.0

O ChemShell 3.0 Q MORPHY98

o *MOLCAS6.4 Q *NAMD 2.5

o *CASTEP3.1 a ORCA 2.4

O AKIRA3.0.0 Q *NWChem 4.7

The following graphics packages have also been installed on Columbus-Ix (Opteron Cluster):

a GDis a gOpenMol
o Molden a VMD
O XCrySDen

* Please note that packages marked with an asterisk can be run in parallel. Further information on all our
software packages can be found on our web site or by viewing the relevant man pages on Columbus.
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Training News

Software Workshops

We are delighted to report that our training for 2006 has gone better than ever. So far the total number
of people trained in one-to-one training sessions and workshops this year is 147, compared to 92 in 2005 and 93 in
2004. The final two workshops of the year were both great successes. The two-day Gaussian workshop was held on
the 5" and 6" September 2006 and was given by Dr Thom Vreven (Gaussian Inc.), Professor Mike Robb (Imperial
College London) and Dr Michael Bearpark (Imperial College London). The focus of the workshop was on using
Gaussian to study large molecules. This was closely followed by our five-day workshop on the ab initio simulation
package CASTEP, held jointly with the CASTEP developers: Dr Sewart Clark (Durham University), Dr Matt Probert
(York University), Dr Matt Segall, Dr Phil Hasnip (York University), Dr Chris Pickard (S. Andrews University), Dr
Keith Refson (CCLRC Rutherford Appleton Laboratory), Dr Barbara Montanari (CCLRC Rutherford Appleton
Laboratory) and Professor Nic Harrison (Imperial College London). This covered all the theoretical background
behind CASTEP, as well as discussing some of the more specialist features of the code. Attendance at both
workshops was very high and the feedback obtained extremely favorable. More information on all our past
workshops and photos can be found on our website under http:// www.nsccs.ac. uk/ previous_workshops. php

We are now in the process of planning our workshops for 2007 and we will let you know as soon as we
have more information available on these.

One-to-one Software Training

One-to-one training sessions are designed for individuals to learn how to use a particular software package.
These sessions can be set up immediately and can be held over one or two days, depending on the requirements
of the user. The Service provides financial support for these sessions. If you would like to apply for one-to-one
training, please visit thislink to download an application form:

http:// www.nsccs.ac. uk/ training.php

Other Relevant Workshops and Seminars

a CCPB workshop on How to set up a Protein Smulation, Cambridge University, 17th November
2006. For more details please go to http:// www.ccpb.ac.uk

a CCPB Annual Conference on Biomolecular Smulation 2007, University of Nottingham, 3rd-5th
January 2007. For more details please go to http:// www.ccpb.ac. uk

a RSC Theoretical Chemistry Group Half-day Symposium on Recent Advances in Polyatomic
Quantum Dynamics, University of Birmingham, 13'" December 2006.

a RSC Theoretical Chemistry Group: Theoretical Chemistry Day #14 on Theory and Smulation of
Functional Materials, University College London, 6" December 2006.



