
 
 
 
 
 

 
 
 
 

 
 
 

 
 

 
 
 
 
 
 
 
 
  

9 t h  O ctob er  2 0 06 

I s su e  9  

 Welcome to t he 9th newslet ter of t he EPSRC Nat ional Service for 
Computat ional Chemist ry Software.  We are delighted to announce t hat  t he 
tender exercise for t he new hardware took place over t he summer and t hat  a 
decision has now been made.  The machine chosen is an SGI Alt ix 4700 with 
224 core 1.6 GHz/ 18MB Montecit o Itanium2 processors and 896 GB memory. 
Storage wil l be supplied in t he form of an SGI Direct  At tach Inf ini teStorage 
Array, which will  provide 15 TB of disk space.  The SGI delivery and 
installat ion is planned for t he end of October and i t  is hoped t hat  users will  
be able to access t he machine by t he end of November. An email  will  be 
circulated on t he JISC mailing list  nearer t ime,  informing users when t he 
machine is ready and t he software packages t hat  are available. 

 In t he t hird week of September both a Management  Commit t ee 
meet ing and a CCWP meet ing were held, where two key decisions were taken 
with regards to t he NSCCS. In preparat ion for t he new hardware, t he 
Management  Commit t ee agreed to extend the maximum amount  of CPU t ime 
per annum to 100,000 CPU hours.  The applicat ion forms and notes wil l be 
updated short ly. It  was also decided t hat  following t he success of t he User 
Meet ing in March,  two j oint  CCWP/ User Meet ings will  be held next  year in 
March/ April  and in September.  These will  be predominant ly scient if ic 
meet ings wit h 4 or 5 talks from users of t he Service followed by a poster 
session. However,  each meet ing will  be preceded by 30 minutes of NSCCS 
business which both users and CCWP members are welcome to at t end.  The 
f irst  of t hese meet ings is provisionally scheduled for t he 29th March 2007,  but  
will be confirmed nearer t he t ime. 

 On t he t raining side,  our software workshops for 2006 are now over 
and we are pleased to report  t hat  t his year t he number of people t rained has 
been higher t han ever. As always, we are very grateful t o t he t utors of all  of 
the workshops we have held t his year for t heir hard work, and we hope t hat  
we wil l be able to invit e t hem back t o give similar workshops in the near 
future. We are now in the process of organizing our workshops for 2007 and 
we hope t o be able to give you more informat ion on t hose in t he next  
newslet t er. 

 Finally, we are happy to inform you t hat  t he assessment  of the f inal 
report  on t he previous grant  has now been received from the EPSRC and it  
has been given an overal l grade of ÒOutstandingÓ.  We hope to be able to 
cont inue t o keep up the good work!   

Sarah Wilsey 
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Hydrophobic Gases at  an Aqueous Interface 

Dr Robin E. West acot t   
Chemical Engineering, Heriot-Watt University, Edinburgh, EH14 4AS 

 
 
 
 
 
 
 
 

 

 
 

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 
years. 

Abst ract  
 
The goals of  this proj ect  were to use molecular dynamics simulat ions to investigat e the interface 

between liquid water and gases that  form clat hrate hydrates (e.g. methane and propane).  This 

interface is the region where t he gas is likely to be at  concent rat ions up to the 1:6 rat io of  gas 

molecules to wat er molecules found in the clathrate hydrate crystals. Molecular dynamics 

simulat ions were performed over a range of  temperat ures and pressures to investigat e dif ferent  

regions of  the phase diagram. These simulat ions indicat e that  (i) t he densit y enhancement  of  the 

gas at  the interface is a funct ion of  t he original gas densit y,  (i i) t he concent rat ion of  gas in the 

interface varies with temperat ure and pressure,  (i i i) t he cri t ical rat io appears close to the hydrate-

liquid water phase line,  and (iv) the nature of  t he interface appears to be such that  hydrate,  rat her 

than ice,  will be t he preferent ial  solid phase if  a suit able gas is present  at  t he right  concent rat ion 

and under the right  condit ions.  

 

Int roduct ion 

      Gas hydrates are crystalline solid solut ions of  non-polar 

gases in a solid wat er lat t ice,  in which t he rat io of  gas 

molecules to water molecules can be as high as 1:6.  Since 

most gases that  form gas hydrates are considered to be 

insoluble in wat er,  the most likely place for hydrate 

format ion to begin is at  the int erface between the wat er 

phase and the hydrat e forming f luid.  Hydrocarbons from 

methane to isobutane, noble gases and several other small  

molecules, including carbon dioxide, are among the possible 

ÒguestÓ species in gas hydrates [1] .   
 

      Gas hydrates are of  signif icant  int erest for a number of  

reasons including the disposal or long-term storage of  

greenhouse gases, and f low assurance in oil and natural gas 

t ransmission lines. These interests provide a strong 

mot ivat ion for developing low cost addit ives to cont rol 

hydrate format ion.  Current ly,  hydrate format ion in pipelines 

is prevent ed using thermodynamic inhibitors, such as 

methanol,  t o move the hydrat e-water-gas t hree-phase line to 

higher pressure and lower temperature.  The problem with 

this approach is that  the more severe t he condit ions, t he 

more inhibitor that  is required to prevent  hydrate format ion.  

In the Gulf  of  Mexico and ot her deepwat er regions such as 

the Nort h Sea, more than 60 wt% methanol is used to ensure 

that  hydrat es do not  form in the pipelines [2] .  However,  t he 

search for ef fect ive,  low cost addit ives to cont rol hydrate 

format ion has been severely hampered by lack of  det ailed 

understanding of  hydrate format ion at  the microscopic level .  

 
 

      One area that  requires det ailed investigat ion in this 

regard is the gas-wat er int erface and this proj ect  seeks to 

provide informat ion on this issue. Ohmura et al.  [ 3]  clearly 

showed that  hydrate format ion f rom liquid wat er and a 

hydrophobic liquid occurs init ially through the format ion of  a 

thin hydrate f i lm t hat  grows very rapidly along t he interface. 

Af ter a short  delay,  t he process cont inues t hrough crystal  

growth into the wat er phase only if  t he water is pre-

saturated with hydrate-former.  Subsequent ly,  Uchida et al. 

have shown t hat  carbon dioxide hydrat e init ially forms as a 

thin f i lm between liquid carbon dioxide and water [4] .  

Af terwards, slow dendrit ic growth is observed on both sides 

of  the interface, although it  is more rapid in t he water phase.  
 

      Over the past 15 years, considerable ef fort  has been 

made to study liquid interfaces and phase behaviour using 

molecular dynamics simulat ions. These calculat ions have also 

been extended to investigate adsorpt ion of  molecules at  t he 

liquid surface and for the study of  ion or molecule t ransport  

through these interfaces for systems as diverse as liquid-

vapour equilibrium [5]  and phase t ransfer [6] .  Of  part icular 

interest  here is the work of  Dang and co-workers [5,  6]  and 

Cordeiro and co-workers [7,  8] ,  who have studied the t ransfer 

of  small molecules across liquid-liquid interfaces and Lynden-

Bell and co-workers who have investigated the t ransfer of  

single small molecules across a water/ water vapour int erface 

[9] .   



 

 

 

Scientific Highlight  
 

Page 1 

 

Page 3 
 

 Methodology 
Molecular dynamics simulat ions 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 t he 
simulat ion box so t hat  t he wat er forms a slab approximately 
30•  t hick with gas molecules in the void space in a simulat ion 
box 30•  x 30•  x 90• ,  which leads to two methane/ wat er 
interfaces. The water slab was allowed to evolve for 0.5ns 
before the gas molecules were added. Dif ferent  quant it ies of  
gas were added to generate gas densit ies associated with 
pressures at  various points in t he gas hydrate phase diagram. 
One gas densit y was chosen to be outside the hydrate-stable 
region and another well inside the hydrate-stable region.  A 
third,  j ust inside t he hydrate-stable region was chosen for t he 
methane-water system only.  Simulat ions were performed at  
240K and 280K. The wat er molecules were modelled using 
both the rigid SPC/ E potent ial which has f ixed OH bond 
lengths of  1•  and a f ixed HOH angle of  109¡ 47Õ, and the 
f lexible F3C potent ial.  Met hane 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 met hane and propane 

are insoluble in wat er,  they prefer to cluster next  to the 
water,  rat her than be uniformly distribut ed throughout  the 
vapour region. This enhancement  of  densit y at  the surface 
(i.e. t he rat io of  local  densit y at  the int erface to bulk gas 
densit y) is greater at  low pressures t han at  high pressure 
(Figure 1).   

 

 
Figure 1 Density enhancement s for methane at  a water surface as a 
funct ion of pressure and temperature. Red, yellow and green l ines 
are the high, intermediate and low pressure cases, respect ively.  The 
blue l ine represents l iquid water and is virtually ident ical at  all 
condit ions. 

 
As can be seen f rom Figure 1 (for methane and wat er),  t he 
densit y enhancement  factor depends on the system pressure.  
In t he low pressure system, t he maximum methane densit y at  
the interface is 2.8 t imes higher than the bulk methane 
densit y.  In t he high pressure system, however,  the gas is 
more like a liquid and so the densit y is enhanced by a fact or 
of  only 1.07. The behaviour is qualit at ively t he same for t he 
propane and wat er system. 

 
 

As the pressure increases, so the 10-90 t hicknesses of  the 
water and methane increase (see Table 1).  Also,  the separat ion 
of  the water and methane Gibbs surfaces increases. The widths 
of  the interfaces in the water only systems are in agreement  
with an ext rapolat ion of  the result s for SPC/ E water slabs at  
higher temperatures by Alej andre et  al.  [10] .  
 

 
Table 1 Interfacial parameters. 10-90 thickness for the water t w and 
methane t g int erfaces. The interface thickness !  is the dist ance 
between the Gibbs surfaces for the water and methane. ÔslabÕ denotes 
the systems without  any gas. All dist ances are in • . 

 
 
As the pressure increases, the concent rat ion of  met hane 

molecules in the interfacial region increases (see Figure 2).  In 
the medium pressure system (t riangles in Figure 2),  the mole 
f ract ion of  methane at  the wat erÕs Gibbs surface is equivalent  
to approximat ely 1 methane molecule to every 6 water 
molecules, which is similar to t hat  found in methane clathrate.  
In the high pressure system, this rat io appears at  about  0.5•  
below the Gibbs surface. 

 
 

 
Figure 2 Concent rat ion of  methane at  height  above the water Gibbs 
surface. Green squares: low pressure; yellow t riangles: medium 
pressure; and red circles: high pressure. Open and closed symbols refer 
to the two int erfaces in the simulat ion box,  respect ively - these occur 
at  different  z values if  the slab is not  perfect ly cent red in the 
simulat ion box. 
 
 

We have used an order paramet er,  F3,  which describes the 
deviat ion f rom tet rahedral to obtain informat ion on the local  
water structure (F3 = 0 for perfect ly tet rahedral) [11]  (see 
Figure 3).  We have also used an order parameter,  F4,  which 
describes t he H-OÐO-H torsion angle between neighbouring 
water molecules [12]  and t ypical values in the order of  Ð0.4,  0.8 
and Ð0.03 for ice,  clathrate and liquid wat er,  respect ively.  
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 The new SGI Alt ix 4700 is scheduled for delivery and installat ion at  t he end of October and it  is hoped t hat  
users will be given access t o t he machine by t he beginning of December. The plan is for t he Alt ix t o become 
the main system for t he Service in terms of interact ive logins and user f ile systems, and for the Alphaserver to 
be ret ired. In order to minimize disrupt ion to t he users, it  is ant icipated t hat  t here will be a period of overlap 
between t he two systems to allow users to get  used to t he new machine and t o make sure everything is 
migrated over correct ly. 

 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 t he old address will automat ical ly be redirected to t he new 
address when i t  is ready.   

 We would like t o apologise again for any inconvenience caused to users due to t he air-condit ioning failure in 
the machine room at  RAL over t he summer. This was part ly due t o t he heat  exchangers being instal led 
incorrect ly.  These have now been f ixed and so hopefully we will  not  have t he same problems next  summer.  

 The z prof iles of  F3 and F4 are shown in Figure 3 and it  
can be seen that  t he cent res of  t he slabs are liquid-wat er 
like.  Figure 3 clearly shows t hat  the interface is more 
tet rahedral than the bulk,  but  not  as tet rahedral as either the 
solid hydrate of  ice Ih.  Near the Gibbs surface, the F3 value 
tends towards zero indicat ing a more tet rahedral  
arrangement  as would be expected given that  t he densit y is 
lower.  The F4 average st art s to increase from the value in t he 
bulk at  about  5•  below the Gaussian surface. The largest 
change occurs over a range of  about  3• ,  although t here 
appears to be a shoulder j ust below t he surface. 

 
Figure 3 The F3 prof ile (top) and the F4 profile (bot tom) at  240K 
showing only slight  pressure dependence. Diamonds: slab only; 
squares: low pressure; t riangles: medium pressure; and circles:  high 
pressure. 
 

The increase in t he average F4 value indicates a more 
clat hrate-like arrangement  of  the wat er molecules at  t he 
surface than in t he bulk.  This occurs in all systems including 
the ambient  pressure wat er slab without  any met hane and 
does not  change much with pressure.  The prof ile at  280K is 
essent ially the same as at  240K except  the bulk value 
increases to about  -0.012. The slight  increase in t he average 
F4 value at  the surface compared to the bulk suggests t hat  
given an appropriat e guest molecule,  the wat er surface is 
ready to form clathrat e.  If ,  however,  there is no such 
molecule,  t he surface is also in a suit able conf igurat ion to 
form ice.  The ot her interesting feature,  which is stil l under 
investigat ion,  is t he region of  F3 disorder j ust below t he Gibbs 
surface. 

 

 

Conclusion 
      The interface between liquid water and methane at  a 
range of  pressures have been investigat ed using molecular 
dynamics simulat ions. These simulat ions have shown t hat  
water molecules at  the interface are more tet rahedral than 
those in the bulk,  but  less so t han both relevant  solid water 
phases. Further,  the wat er molecules at  the interface are 
compressed due to the gas pressure and this means t hat  the 
water molecules experiencing the highest methane pressures 
are less tet rahedral than the other systems. 
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The following software packages have been implemented and released during t he last  quart er. 

 *MOLPRO 2006.1(July 2006, Columbus (serial only) and Columbus-lx (serial  and parallel)) 

 *AMBER9 (July 2006, Columbus-lx (serial  and parallel)) 

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

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

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

 *SIESTA 2.0 (September 2006, Columbus-lx (serial  and parallel)) 

In addit ion to t hese,  the Service also current ly supports t he following software packages.   

Columbus (Alphaserver): 

 *GAUSSIAN 03 Rev.  C01 wit h GaussView  GMUL 4 

 *Q-Chem 2.1.0.2  GROMACS 3.2 and 3.3 

 *ADF 2004.01 wit h ADF GUI and BAND  GROMOS 96 

 CRYSTAL 03  MOLCAS 6.2 

 *Dalton 1.2.1  AUTODOCK 3.0 

 GAMESS-UK 7.0  SHELL 4.3 

 *AMBER 8.0  ACES2 

 *DL_POLY version 2.14 and 3.02  VIBRA  

 *GAMESS-US v.18  CADPAC 6.5 

 Columbus 5.9.0  *GULP 1.3 

 Orient  4.5  TURBOMOLE 5.71 

 Dynamo_v2  ChemShell  3.0 

 

Columbus-lx (Opteron Cluster): 

 *GAUSSIAN 03 Rev.  C01  *GROMACS 3.2 and 3.3 

 *ADF 2005 wit h BAND  CRYSTAL 03  

 Orient  4.5  *Dalton 2.0  

 *GAMESS-UK 7.0  *Q-Chem 3.0   

 *GAMESS-US v.19  Dynamo_v2  

 *Jaguar 6.0 wit h Maest ro  AUTODOCK 3.0 

 ChemShell  3.0  MORPHY98 

 *MOLCAS 6.4   *NAMD 2.5 

 *CASTEP 3.1  ORCA 2.4 

 AKIRA 3.0.0  *NWChem 4.7 

 

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

 GDIS  gOpenMol 

 Molden  VMD  

 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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Software Workshops 

 We are delighted t o report  t hat  our t raining for 2006 has gone bet ter t han ever. So far t he total number 
of people t rained in one-to-one t raining sessions and workshops t his year is 147, compared to 92 in 2005 and 93 in 
2004. The f inal two workshops of t he year were both great  successes. The two-day Gaussian workshop was held on 
the 5th and 6th 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 f ive-day workshop on the ab initio simulat ion 
package CASTEP,  held j oint ly wit h t he CASTEP developers:  Dr Stewart  Clark (Durham Universi ty), Dr Mat t  Probert  
(York Universit y),  Dr Mat t  Segal l,  Dr Phi l Hasnip (York Universi ty), Dr Chris Pickard (St . Andrews Universit y), Dr 
Keit h Refson (CCLRC Rutherford Appleton Laboratory), Dr Barbara Montanari (CCLRC Rutherford Appleton 
Laboratory) and Professor Nic Harrison (Imperial Col lege London). This covered all t he t heoret ical background 
behind CASTEP, as well as discussing some of the more specialist  features of the code. At t endance at  both 
workshops was very high and t he feedback obtained ext remely favorable. More informat ion on all our past  
workshops and photos can be found on our websit e under ht t p:/ / www.nsccs.ac.uk/ previous_workshops.php 
 
 We are now in t he process of planning our workshops for 2007 and we will  let  you know as soon as we 
have more informat ion available on t hese.   

 

One-to-one Software Training 

One-to-one t raining sessions are designed for individuals to learn how to use a part icular software package.  
These sessions can be set  up immediately and can be held over one or two days, depending on t he requirements 
of t he user. The Service provides f inancial support  for t hese sessions. If  you would like to apply for one-to-one 
t raining,  please visit  t his link to download an applicat ion form: 

ht tp:/ / www.nsccs.ac.uk/ t raining.php 
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Other Relevant  Workshops and Seminars 

 CCPB workshop on How to set  up a Protein Simulat ion,  Cambridge Universit y, 17th November 
2006. For more details please go to ht tp:/ / www.ccpb.ac.uk 

 CCPB Annual Conference on Biomolecular Simulat ion 2007, University of Not t ingham, 3rd-5t h 
January 2007.  For more detai ls please go to ht tp:/ / www.ccpb.ac.uk 

 RSC Theoret ical Chemist ry Group Half-day Symposium on Recent  Advances in Polyatomic 
Quantum Dynamics,  Universi ty of Birmingham, 13th December 2006.  

 RSC Theoret ical Chemist ry Group: Theoret ical Chemist ry Day #14 on Theory and Simulat ion of  
Funct ional Materials,  Universit y College London, 6th December 2006. 


