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General News

FUTURE MEETINGS

A summary table is given below. further details may be found inside.

TOPIC LOCATION DATES ORGANISER

CCPS Annual Meeting Bristol 23-25 Septem- | CCPS
CONDIENSED MATTER ber 1996

SIMULATION:
REALIZING TUHE
POTENTIAL OF THE
COMPUTER

The 3rd International Surrey 20-26 July | COSIRES™96
Conlerence on Computer 1996
Stmulation of Radiation
Bffects 1n Solids

2nd FCuropean Cray NPP Edinburgh 25-26 July | EPCC

workshop 1596

Physics Computing 96 [Krakow 17-21 Septem- | CYFRONET, Krakow and
ber 1996 Furopean Physical Society

Optical, electric and Cambridge 10-13 July

uwaguetic properties of 1997

melecules.

Solid State Chemistry: New | University 30 June - 2| The Roval Soctety of

Opportunities from (lollege. July 1997 Chemistry, Faraday Division

¢ Computer Simulations l.ondon

INTEL NEWS

CCPH has an annual allocation of time on the [ntel (PSC/R60 at Daresbury. Il any CCPS member
wishes to make use of some of this tine please contact M. Leshe at Daresbury.

CCP5 FUNDS FOR COLLABORATIONS

C'CPS can make available funds of up to £200 per annum for groups of two or more UK researchers
wishing Lo undertake a collaborative project within the scientific area covered by CCP5, The lunds
are intencded Lo cover travel and subsistence costs. Researchers who wish to apply for funds are
requested to submit a brief proposal {about [/2 a page) describing the inteaded work to Dr. AL
Lestie al the address below.

CCP5 VISITORS PROGRAM

CCPS organizes a visitors program which funds the visit to the UK of overseas collaborators. We
would normally expect a visitor to visit three sites in the UIN aud give a lecture at each site. These
lectures would be open to all members of CCPS as well as members of the host university. The
visit wounld normally last between one or two weeks. CCP5 would pay flor the cost of travel to
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the UK and within the UK between universities, CCP35 would expect some contribution towards
acconmumodation expeuses at the host university to be met by the university. We will aiso consider
longer collahorations or visits just one place if this can be justified by the nature of the work to be
doue, If vou have an overseas collaborator who yvou would hke to invite under this program, please
make a request Lo Dr. ML Leslie.

ELECTRONIC DISTRIBUTION OF CCP5 NEWSLETTERS AND WORLD
WIDE WEB

All newsletters starting {rom issuc 3¢ {(October 1993} are wow available on line, together with some
articles from carlier newsletters. An index of recent newsletter articles can be found ou the World
Wide Web server: readers can access the individual articles by this means or by anonvmous ftp,
(Anonymous (tp will not access the index). The URL for the CCP5 home page is http://www.dl.
ac.uk/CCP/CCPS /imain. htmi

HOW TO GET THIS NEWSLETTER BY FTP
. move to the desived directory on YOUR
machine

2. ape: fep tp.dlacuk
or {tp HET8.80.10
30 enter userid: ) AnNouUYMmous
10 enter passwd: ender your name and sile
b, change to copdnewsletters/ 15 directory: cd cophaewsletters /45
G, chauge (o postscript or latex subdirectory cd ps
or ce latex
v o get the required files from the directory :
posiscript {rom ps directory get ulps
compressed postscript from ps directory get nl.ps.gz
latex from latex directory get nhtex
=, quit

Below s an index of the iwnformation held.

Readers may now register by filling in an on-line WWW form. Existing readers may also
notily registration changes in this way,

In addition to notilication of newsletlers. we occastonally send other messages about meetings
to the Email list. If you want us to send notification of newsletters only. let me know and T
will place your Email address on a separate list. This will allow readers to vestrict the amount of
meoming Emait if this will be a problem due to limited bandwidth or if readers ave charged for
incoming Email.

This newsletter is available by anonymous ftp cither directly or by accessing the Davesbury
World Wide Web server, The newslotter has been placed (in separate divectories) both as postscript
files and as the source latex files.
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INFORMATION ON WWW SERVER

History of the project.

Organisation ol the project,

Clurrent research interests . .

A library of computer software maintained by the project,

An index of future meetings and workshops which CCP3 is involved in organising or bas been asked to 1
A list of proposed visitors sponsored by C'CP5 with itinevary.

An index of articles from recent Issues of the newsletter.

A copy of recently published newsletters commencing with {ssue 39 (October 1993},
Registration and de-registration details.

Qther related information on the Web,

Post-daoctoral and lectureship vacancies

Doctoral studentship vacancies

Distribution of Information by Email

CCPS will distribute by Email to the members on the mailing list {about 700 world wide} infor-
mation which is of interest to our members. If vou have information which vou would like sent
out i this way please send Famall to M. Leslie. We also send out post-graduate, posl-doctorate
and lectureship positions notified to us. Normally post-graduate positions within the UK only are
advertised in this way and the Email is restricted to VI members, however If the position Is open
to non-Uk students then Email may be sent to the rest of Furope ov the complete mailing list.

THE CCP5 PROGRAM LIBRARY

Coples of the newsletter no longer tnelude a complete description of the program library. If readers
wish to obtain a copy of the documentation i is available by anonymous ftp or through the
World Wide Web page. The program library description is in cepd.newsletters/library divectory
{postscript and ASCIE (ext versions).

Version 1.5 and 1.5 of Shetk-Dynamo are now available by anonymous ftp from hp2.kosmos. keele.
acatk (160,505,103 1) in pub/dynamo/shell1.6.1ar. 7. Alternatively yvou can obtain it via WWW using
the first URL below,

Details of the release are appended

Dy David Fincham Ewmail: D.Fincham @& KEELEAC UK
Physics Departient Tel: 444 LTR2 583340/621111

[heele Uiniversity Fax; kb 1782 711093

Staffordshive ST3 538G, UK Telesx: 36113 UNKLIB G

URL (professional) http://www . keele.ac.uk/depts/ph/te/eph hime.html
URI: (personal) hetp://www. keele.acak/depts/ph/fincham/home. hitml

Changoes from Version 1.4

There is an alternative representation [or the short-range repulsive potential, of the form {A/r)«
crp(—r/p) instead of the usual Axexp{—r/p). This gives greater anharmonicity. [t can be used in
conjunction with the breathing shell model. See command ERISINT. The breathing shell mocdel
can also have an anharmounicity parameter,

It is also now possible to use tabulated short-range interactions (commands TABINT and
INTVAL)
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A utility program tabulate can produce tabulated poteutials of the general exp-6 form. but
with some methods for fixing up the black lhole at the origin.

The documentation now points out that the D/r% term in the potential s NOT implemented

in the force routine.

There was a bug in the force routine which resulted in inaccurate forces at very large shell-core
separations. This circumstance s unlikely to arise, but it has been corrected. To correct version
L4 replace, in the fite forces.f, the line

if {alphar.gt.0.01) then
[ '
if {alphar.gt.0.1) then
Other minor corrections include an error in the STATE AVBOX command, and in some instances
an incorrect volume being set if UNITCELL was followed by FILLBOX.

See file “outline” for outline documentation
See file “commands™ for command language details.

This program is copyright. () 1995 David Fincham. You are encouraged to make free use of
it for academic purposes subject to the terms of the free academic licence in the file “licence™.

REQUEST FOR CONTRIBUTIONS

Contributoers to the current issue
Qur thanks go to:

. B Nicolaides Department of Chemical FEngineering
University of Bradlord
Bradford BD7 DB, UK.
ML Gillan Physics Department
3. Fincham Ieele Liniversity
Keele. Staffordshire
ST5 5BG, UK,

W, Simith CCLRC Daresbury Laboratory
M. Leslie Daresbury, Warrington
Cheshire

WAL LAD LK.

The deadline for contributions for the next 2 newsletters will be 1 Aungust 1996 and 1
November 1998 Readers are reminded that contributions are always welcome. Contributions
may be sent by Emall in I¥XIEX . WORD documents should prefecably be sent in rtf lormat, We
would be prepared to consider other formats on a trial basis.
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Address

Dr. M. Leslie Email mlesliedidl.ac,uk
CCLRC Daresbury Laboratory,

Dareshury _ -_ .

Warringlon Tel. 441 {0 1925 603334

Wl JAD Fax 4+44 (0) 1925 603634

Ui
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MEETING AND WORKSHOP ANNOUNCEMENTS

CONDENSED MATTER SIMULATION
REALIZING THE POTENTIAL OF THE COMPUTER

Churchill Hall, University of Bristol
23-25 Seplember 1996

The Annual Conflerence of cops? will take place at Churchill Hall, University of Bristol. {rom
Monday 23 to Wednesday 25 September 1996, All areas of condensed matter simulation will be
represented. The theme of the meeting will be the practical exploitation of the power of computer
sinmudation iy the fields of pure and applied rescarch into condensed matter,

Many diffevent approaches. from ab initio molecular dynamics to mesoscopic lattice models,
are used to simufate condensed matter svstems, [u this rapidly-evolving field. cross-fertifization of
ideas and technigues is vital. This conference provides an opportunity for experts within the U
shinulation community to interact with eacl other, with representatives of UK industry. and with
a number of visitors from overseas.

hnvited gpeakers confirmed to date inchide:

o [>. Cordero (Santiago. Chile)

]

B. Dinweg (Mainz, Germany)

e A\ Fervatio (MModena, flaly)

o . Joannopoulos (AT, USA)

s B. Simit {Shell. Amsterdam)

o A Stoneham (UCL. UK)

o 5. Toxvaerd (Copenlagen, Denmark)

The meeting will start at 9:00 a.m. on the morning of Mounday 23 September {accommodation
on the Sunday night will be provided) and will finish at lunchtime on Wodnesday 25 September.

Registration information. and a general invitation to contribute talks and posters. will be made
available shortly. For current information please see the cop’d World Wide Web server:

fittp:/Swvww.dlac.uk/CCP/CCPS fmain. il

i This conference ts organized under the auspices of the Engineering and Physical Sciences
Research Council Coltaborative Computational Project # 5. on Condensed Matter Simulation.
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Radiation Effects in Solids

University of Surrey, Guildlord, UK
22-26 July 1994

Editors note - The details of this conference have alveady bean distributed by Fmail: a summary
is included here for the benefit of readers who receive paper copies of the newsletter.

Scope of the Conference

The [nternational Conference on Computer Simulation of Radiation Bffects in Solids (COSIRES 96G)
addresses the application of computer simutation methods to the study of the luteraction of en-
ergetie particles with materjals. It offers a forum for the prescutation of the latest results and
technique developments In this growing field of research. In recent vears both the availability and
power of computers has increased enormously, many developments have been made in producing
more plivsically meaningful simulations of this subject. Topics will include:

Interatomte Potentials & Simulation Methods  Low Fnergy Ion Beam-Surface Interaction
. f29

[lectronic Energy Loss Plasma Processing of Materials
Electron-Phonon Coupling Electron and Laser [nteraction with Solids
Radiation Damage and Cascade Effects Comparisons of Models to Lxperiments
Caleulations of Implantation Phenomena Simulation of lor Beam Analysis Tools
Energetic Cluster Impacts with Surfaces Antmation and Visualisation Techniques
Spultering Particle Surface luleractions

lon Beam Mixing Radiation Effects in Biological Materials

For turtier information please contact

Kareu Arthar

Conference Secretary, COSIRES'96

Department of Blectronic & Electrical Engincering,
University ol Surrey,

Cintldford, GU2 AXH

UK

enails K Arthurtee surreyv.ac.ak

fax: 00 CO) 183 30039
hitp://www.eesurrev.ac.uk/COSIRES
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2nd European Cray MPP Workshop

A two-day workshop hosted by the FEdinhurgh Parallel Computing Centre and supported by the
Ulv's High Performance Computing Initiative and Cray UK,
253-26 July 1996

Introduction

This meeting (ollows on from the very successful lst European Cray T31) Workshop held by
EPFL in Lausanne in September 1995, The workshop is iutended for computational sclentists
and engineers working in applications development, systems administration or software support
for Cray MPP systoms (T3D'%s and T3I2%s) lnstalled in Europe.

Talks and Posters
Anyvore nterested I making a presentation or poster on any of the following topics should mdicate
their Topic / Title ou the registration form.
Applications in Science and Dagineering Programming Models
Cray MPP Svstems Management Performance Qptimisation

Sinee thue constraints it the possible number of talks, we will have poster sessions in the
conference fover, The closing date for speaker registration is 17 May 1996 the progrannme will be

circulated in late May,

Fees
There ave no fees for attending the conference. Coffee and lunch will be provided, but all other

expenses must be paid by the participants,

Details

The workshop will take place in the James Clerk Maxwell Building, The King's Butldings, Ldin-
burgh. Seotland on 2526 July 1996, The first session will start at 10:00, and the workshop will
eud by 17100 on the second day.

The programme of talks will be selected by the Organising Committee. This is chaired by David
Henty and comprises Stephen Booth. Caroline Neave and Alan Stmpson from BPCC: Rob Allan

from the Daresbury Laboratory: Zdenek Sekera lrom Cray Research Switzerland (CRAY-EPFT,

PXTT projoct).
Further information on the background to this workshop is available,

Accommodation

Accontmodation is extremely difficult to find in Edinburgh during the tourist season. We have
pre-hooked & pumber of rooms in convenient, low-cost accommodation at Pollock student halls of
residence (the location is shown on the city coutre map), The charge is 30 pounds per night for
bed-and-breakfast and includes bus transport to the workshop. These rooms will be offered on a
first-come lirst-served basis,

If vou want to be sent an accommodation form, please indicate on the registration form, e
think vou witl find it easier to use the accommodation we have arranged, and we urge vou to
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register early as the pumber of rooms available is limited. However, if vou prefer to make vour own
arrangements you can consult our accommodation lst.

Travel

Edinburgh is easily accessible by air. rail and road. We have maps ol the city and the King's
Buildings campus.

Registration

Those wishing to speak and/or attend are lnvited to fill in the registration form. The deadline
is b7 May if vou want to give a presentation, 31 May otherwise. If vou experience any problems
registering, please email workshop@epee.ed.ac.uk.

PHYSICS COMPUTING 96

Israkow, Poland
{7-21 September 1996

Felitors note - The details of this conference have already been distributed by Email: a sum-
mary is included here {or the benefit of readers who receive paper copies of the newsletter. [ull
iformation aboul this meeting way he found at URIL http://www.eyl-kredo.pl/peds

Organizing institutions
The Conference Is organtzed jointly hy:

Academic Computer Centre CYFRONET - KRARKOW, Krakow. Poland
luterdisciplinary Group on Computational Physics of the European Physical Society
under the auspices of the Furopean and the American Physical Societies,

Important dates

10 Alay 1996 deadline for receipt of contributed papers
31 Alay 1996 notification of acceptance of papers

E5 June 1996 deadline for registration with reduced fee
17 September 1996 PC 96 Conference

Scientific Program

PC36 Conference will be a forum for physicists throughout the world for whom the COMPUTER is
the MAIN TQOL of RESEARCH. We hope that Conlerence will enable them to exchange ideas and
research results relating to the fast-growing field of computational physics and to share experience
with the most advanced developments in compuler hardhware and software. The scientific program
ol the conference will consist of invited lectures, contributed oral presentations, classical and virtual
poster sesstons, tutonals and vendor presentations.



Main topics of the meeting

Main topics of the meeting will cover:

various fields of computational phyvsics, such as
computer simwlation n stalistical physics
simulation of specifiic materials

surface phenomena

percolation

critical phenomena

computational flnid dynamics

classical and quantum molecular dynamics
chaos dynamical svstems

self-organization and growth

nearal networks and their applications
complex optintzation

Invited lectures

COPS Newsletter No. 45

as wel) as contemporary trends in hardware
atd soltware developinent:

recent developments in computer architectures
modern programming techuiques (parallel
programming, object oviented approach)
symbolic computations

graphics, visualization and animation

together with industrial applications and
teaching of computational physics.

This 1s a partial st of those of most interest to CCP5, for a complete list refer to the URL given

above.

[Nart Binder LUiniversity Maing,

Germany
Janos Nertesy Technical University of
Budapest, Hungary

Los Alamos National
Laboratory, USA

Peter Lomdahl

Cavendish Lab..
Cambridge, UX

Mike Pavne

Bar-Uan University,
Ramat-Gan, Israel

Dennis
[Rapaport

Large scale Monte Cario simulations: a powerful
tool for material science?

Computer simulation of surface growth

Large scale molecular dynamics on MPPs

Ab nitio total cnergy pseadopotential caleulations

The art of molecular dynamics simulation

Up-to-date list of tivited lectures is on the PCO6 www pages.

PCTO6G www pages also has information on

Registration Fees Tutorials
Tine schedule of PC96

Furtlier Information

For morve information about PCU96 contact:

Papers Submission
Social program

Accommodation
Payment
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http://www.evl-kredu.pl/peds Marian Bubak
ftp: //fep.eyt-kredu.pl/peds Physics Computing 96
email:pe9Giiey-kr.edu.pl Academic Computer Centre CYFRONIET - rakow

P. 0. Box 386
Phone: {48 - 12) 341 766: LT3 964 Nawojki 11
Fax: (48 - 12} 341 08:4; 338 054 20-950 Krakow 61
POLAND

Optical, electric and Magnetic Properties of Molecules

Cambridge University, Ul
L0-13 July 1987,

Felitors note - The details of this conlerence have already heen distributed by Email: a summary
is included Lere for the benefit of readers who recelve paper copies of the newsletter,

This conference is being organised to celebrate the career of Professor A, David Buckingham.

Those interested in being placed on the mailing list should contact

Prolessor David O Clary, Professor Brian J. Orr,
Departuent of Chemistry, School of Chemistry,
University College London. Macquarie University,
London WCLH OA, NSW

Ly 2109,

{ Fmall: doeclaryGuclacauk ) Australia

( Email: brian.orcfmg.edu.an )

The Royal Society of Chemistry
FARADAY DIVISION

Divisione di Chimica Fisica, Societa’ Chimica Italiana
Deutsche Bunsen Gesellschaft fiir Physikalische Chemie
Société Francaise de Chimie, Division de Chimie Physique

Iaraday Discussion No: 106
Soitd State Chemistry: New Qpportunities
(rom Computer Simulations

University College, Loudon
30 June - 2 July 1997

ORGANISING COMMITTEL:

Professor ¢ R A Catlow AND Dr W C Mackrodt (Co-Chairmau)
Dy N L Allan Professor P W Fowler
Dre S [ Price Dr P A Madden

Over the past decade or so, one of the major developments in chemistry has been the mcreasingly
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important role plaved by high performance computing. Nowhere is this more evident than in solid
state chemistry, where computer stmulations are now a major source of understanding awd inter
pretation and the generator of data which is either difficult or impossible to obtain by other meauns.
The Discussion will highlight recent developments with a view to assessing likely directions for the
futuee.
The meeting will enibrace: ab initio electronic structure wethods

lattice statics and dynamics '

molecular dyuamics

Monte Carlo simulations

Syvstems {or discussion will range in complexity {rom simple solids to high Tesuperconductors, cat-
alysts. microporous materials, molecular solids, glasses and fullerenes including surface properties
and reactivity.

Contributions ave nvited for consideration by the Organising Committee. Titles and abstracts
ol about 300 words should be submitiod nolater than FRIDAY 26 JULY 1996 to Dr W C Mackreodt,
Schoot of Chemistry, University of St Andrews, Fife KY16 95T

Full papers for publication in the Faraday General Discussion 106 volume will be required by
February 1997,

Updated conference information may be found on WWW at this URL: http://chemistry.rse.

org/rse/Tarad 106 htin
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Chemical Database Service

Dareshury Laboratory
Daresbury Warringlon
Cheshire

WAL 4AD

Telephone 444 (01925 603162
E-mall cdsbbdidl.acuk

May 1096

The Chemical Databazse Service

Daresbury Laboratory provides a Chemical Database Service to the UK academic community, The
aim ol the service is to ensure that the growing body of information from chemistry research is
conveniently accessible to the U academic community in ways which foster the essential UK core
competency in Chemstry. This is done by providing on-line access via Internet to a range of
databases in the areas of crystallography, synthetic organic chemistry, spectroscopy and physical
chemistry - see below. Three chemists provide help, support and advice to users of the service,

Components Presently Available

CSD Tie Cambndge Structural Databank. Crystal structure data for over 152,000 organic and
organo-metalic compounds. Two releases of this databank are received and mounted annu-
ally (April and Oclober). QUEST has 31 search capabilities,

ICSD Ihorganic Crystal Structare Data File, Over 40,000 inorganje structures - Lhe companion
file to the Cambridge organic file {though w a different format).

MDF Metads Data Pile. Crystal structure data for over 55,800 metals and alfoys.

PDB The Brookhaven Protein Data Bank containing bibliographic and coordinate details for over
1400 proteins and other biological macromolecules.

"CDIF Crystal Data [dentification file. Crystal class and unil cell data for over 210,400 crvstal

structures.
FNMR A databank of about 6.000 19F NMR spectra and coupling constants.

ELYS EPlectralvte Solutions Database. Thermodynamic and transport property data such as
density, viscosity, diffusion coefficients etc. Currently contains about 10,000 entries.

[SIS/REACCS Chemical reaction information management systems allowing search, retrieval
and display of molecules. reactions and their associated data, 1S1S is a client /server system
and s the replacement for REACCS. Currently ISIS can access over 605,000 searchable
reactions and REACCS 240,000, from the following databases:

THEILHEIMER (Syuthetic Methods of Organic Chemistry)
CHC mprehiensive Heterocyelie Chiemistry)

CLFE {the Current Literature File)

CHIRAS (Asymmetric Synthesis)

METALYSIS (Transition metal-mediated transformation)
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REACCS-JSM (Journal of Syuthetic Methods)

CHEMINFORM (current awareness} only available via SIS

CSM (Current Synthetic Methodology) a subset of CHEMINFORM. only available via
REEACCS

ORGSYN (Organic Synthesis) only available via ISIS

ORAC CORE (Established Literature) only available via [SIS

SPG (Protecting Groups) only available via REACCS

ISIS also allow access to ACDRX {Available Chemicals Directory), which is a database of
suppliers of chemicals, [U coutaing over 180,000 different compounds.

SPEC Speclafo is a multi-technique spectroscopic database system which will cover NMR, [R
and mass spectra. The package is designed to aid the chemist in spectral interpretation and
steacture etucidation problems. [t contains spectral data sets with thelr associated stricture
connection tables, The database currently contains 72,000 13C. L3N, 170, 19F and 31P
NMR spectra and 20,000 infra-red spectra.

A variety of utility programs are also available. including chemical file format conversion,
molecule viewers, gopher and World-Wide-Web browsers.
For further information contact:

Chemical Database Service

Room C'18, Daresbury Laboratory
Dareshury. Warrington

WAL IAD

Tel: (01923) 603162

Emallr edshbbGddlac.ok
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Report of the visit of Ronald Cohen to the UK

Ronald Cohen

Geophysical Laboratory and Center for High Pressure Research
C'arnegie Institution of Washington

Washington, 1. . 20015

USA

cohentiquartz.ciw.adu

November 16, 1995

Thaunks to partial support from CCP3 [ was able to visit University College London, University
of Cambridge, and Oxford University to present a series of seminars, exchange ideas, and form the
hasis for future collaborations.

[ first attended the workshop “Developments in Mineral Physics-Collective Phenomena™. a
workshop in honor of Professor Desmond McCounell at Darwin College. Here is a briel summary
of that meeting. '

Professor MeConnell (Oxford} first summarized several vears of work on the nature of H and
HyO tn quartz ($102). 1t is well known experimentally that HyO greatly weakens {lowers the shear
strength of) quartz, and that H,0O greatly enhances diffusivity of O (measured via lsotope exper-
iments). but the microscopic reason was not previously understood. First principles calculations
with Professor V. Heine and others showed that the hydrolytic weakening can be quantitalively
uncerstood in terms of depolymerization of the quartz structure by the formation of Hy delects
that aggregate together to form M0 islands when a crvstal is strained. These islands also become
wealk points for failure. The effect of HO on isotope exchange vates can be undersiood by the
diffusion of 30 into the channels in quartz, followed by exchange between the O in the channel
water and the bulk. Large scale computations for supercells within the LDA and plane wave pseq-
dopotentials gave good estimates of the relative energetics ol dilferent Tl and HyO defects compared
with calorimetey and T-dependent experiments,

Dr. Ross Angel (Bavreuth} gave a summary of recent work on isosymmetry phase transitions,
especially recent work he has done on pyroxenes and feldspars.  Within the resotution of the
experiments. behavior is observed that is stwilar to that seen in displacive phase transitions, which
usually involve changes in symmetry. Over a limited range of T or P, structural parameters vary
rapidly, and very often P-T boundary bend sharply in the vielnity of one of these transitions. The
phases are often structurally distinct, in gpite of having the same space group symmetry. {n the
pvroxene example. one C2/c “phase” has kinked clialus, whereas the other has straight chains.
Other examples were discussed, Tncluding K'TP, Ce, and H,0.

Professor Volker Heine {Cambridge) gave an overview of a number of current rescarch projecis.
ALHL Lee is working on 4 AlbQOs5, which is an fee stracture with disordered occupancies of "I and
O sites. They found that empirical poteatials gave the wroug energy differences between the T
and O sites, so LDA pseudopotential calculations are being performed. M. Gambhir is working
on short range order in cristobalite. A, Peyvde is studying diffuse scattering in Jow-tridymite ftom
Rigid Uit Modes (RUM s}, K. Hammonds is studying foppy modes in zeolites. R, Shav is using
first-principles methods to study the reaction methanol + HT — CHI 4- U0, where the reaction
i« catalyzed by a zeolite, chabazite, which also provides the H*. They are finding that a floppy
mode is important to bring the H* s to the CHaOH. Collaborations with Dr. M. Dove {Cambridge)
involve studying Si-Al ovdering using different order-disorder models.

In collaborative work in Professor Salje {Cambridge} Professor Heine also discussed the origin
of tweed textures and how almost any non-equilibrium perturbation can cause tweed to set in when
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there are long-range elastic forces.

Professor Salje continued the discussed of tweed textures and discussed how new rocking geom-
etry diffractometers at Cambridge are being used to map out the diffuse scattering due to twins,
tweed. ete.. and are being used to quantitatively describe the behavior.

Dr. R. Colien {myself} gave an overview of research al the the Geophysical Laboratory (GL)
using three different approaches 1) all-electron, full-potential LAPW (Linearized Augmented Plane
Wave) computations within the LDA and GGA, 2) much faster Gordon-Kim like models. such as
the VIB (Variationally Induced Breathing) model lor ionic solids such as MgO. and 3} a new tight-
binding total energy model which has accuracy rivalling that of the FLAPYW when the model is used
within the sphere of its parameterization, but which is many hundreds of times faster. Examples
were given of studies using the different methods, and collaborative work with experimentalists
at the Geophysical Lals were discussed. LAPW calculations on 8i0g stishovite predicted a phase
transition to the orthorhombic CaCly structure at 45 GPa. High pressure Raman experiments at GE
that showed the By, mode stopped soltening at 50 GPa and begins Lo harden, r excellent agreement
with predictions. LAPW caleulations on [eQ explain the origin of the observed rhombohedral strain
and predict a loss of local magnetic moments with ncreasing pressure. The advantage ol the VIB
model is that long MD trajectories can be studied without sacrificing accuracy. at least for MgO.
Recent equation of state studies (Inbar and Cohen) were discussed that show excellent agreement
with e thermal equation of state, Melting of MgQ was studied using both clusters (Coben
and Gong) and periodic boundary conditions {(Cohen and Kluge) and obtain similar results, in
disagreenment with recent experiments (Zerr and Bohler) but congistent with systematics of alkaline
earth oxides. Thermal conductivity simulations were mentioned. A new tight-binding total cnergy
model ([TBTE) was briefly discussed. and results were shown for Fe and Xe. The model accurately
predicts properties over wide ranges of compression (within the bounds of the fit) and is being vsed
for finite T simulations. The parameters arve fit to LAPW total energles and band structures.

Dr. P. Ballone (MPI Stuttgact) discussed plane-wave pseudopotential simudations lor three
geophysically important polymorphs of ¥g,Si0y. olivine (Phnm. 28 atoms/primitive cell]. 3-spinel
(lmma. a6 atoms/cell). and spiuel (Fd3m, 14 atoms/cell) performing relaxations and studying the
equations of state and phase transitions. Results are quite accurate. The olivine spinel tranpsition
s given at 12 GPPa compared with 10 experimentally. He also discussed Hoin FeySi0y (fayalite) and
liguid Tayalite which is an antiferromaguetic liquid. Fiest-principles simufations were performed for
0.15 psec at 1800 K for 112 atoms. The difficulty of doing long trajectories with first-principles
e, self-consistent) methods was pointed out.

Dr. W Schrans {Vienna) discussed recent progress on the central peak problem. He showed
new results on liomogeneous and tnhomogeneous elastic measurements,  He discussed diflerent
origing of central peak phenomenon. but concentrated on entropy luctuations {heat waves) near
phase fransitions and gave a sertes of models to explain the observations. Extensive discussions
were given of elastic and dielectric behavior near phase transitions. and gave an understanding of
strong dispersion in elasticity observed around ferroelastic phase transitions.

Dr. . Sherman {Bristol) discussed Hartree-Fock periodic CRYSTAL calculations of HyO in
diaspore, boehmite (a-AIOOH. 3-AIOOH) and brucite (Mg(OH},). He obtained deep potential
wells for the H's. and claimed that tunueling is important even though the wells were L eV deep.
He studied the equation of state of brucite and says that quantum delocalization sets in al high
pressures. His conclusion was that there sn’t much water in the Farth,

After the meeting. | traveled to University College London and presented a departmental sem-
mar on similar topics to the above, but with the addition ol recent work on the Earth’s core. A
combination of LAPW and TBTE caleulations have been used to study the thermal eguation of
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state and elasticity of Fe under core pressures. Thig work has been done in coltaboralion with Lars
Stixrude and Evgeny Wasserman at the Ga. [nst. Technology, We find excellent agreement with
seismological and free oscillation observations of anisotropy in the Earth’s inner core if the inner
core contains a huge single hep crvstal ovented approximately with the c-axis along the Farth's
rotation axis,

At UCL T had extensive discussions with Professor 3. Price and mewbers of the departinent,
neluding Drs. L. Vocadlo, J. Brodholt, N, Ross, and A. Patel. A, Patel et al. performed simutations
of the thermal equation of state of MgSiOg perovskite. Vocadlo and Price have studied melting of
MgO at high pressures using the THB2, Matsul, and Lewis and Catlow empirical potentials, and
thetr resubts are alimost identical to those we obtained recently (Cohen and Kluge} using the VB
model, Ve also discussed the melling of perovskite. We plan to form an active collaboration, and
Br. Vocadlo will visit GL for collaborative work. Discussions with Drs, J. Brodholt and N, Ross
centered on the reported “kiuks” (Cliopela and otliers) in Raman [tequencies versus pressure in
olivine and perovskite.

On Octobor 26 [ presented a seminar for the TONM group at Cavendish on Rrst-principles studies
of ferroelectrics. and discussed work done at GL on bulk and slab BaTiOy, PLTiO5. LINDO». and
LiNbOs. The goal s to understand the origin of lerroelectric behavior, the reasons for different
hehavior in simitar materials, and the differences between the perovskite and LINDGy fawmilies. T
had extensive discussions with Dr. C. Moltent about first-principles simulations of grain houndary
sliding and with N Marzari on linear response computations for solid solutions, as well as with
others,

On October 27 [ gave a seminar for the Materials Department at Oxford on the new TBTE
model and discussed applications to high pressure research. [ visited the Modeling Laboratory and
wad extensive discussions with Dr. A Bratkovsky on bond-order potentials and order N methods
asz well ag with athers,

On October 30 1 gave a seminal at the Parth Science Department at Oxford primarily on on e
in the Barth’s core, and discussed in more detail the computatious on te, the evidence that the inner
core is largely a single crvstal, and an overview of the geophysics of the core. | had extensive discus-
sion with Dr. AL Jephcoat, and we have started two exciting collaborative theory and experimental
projects on Altly avd LiNDO, at high pressures. [ also had discussions with Prof. 1. McConnell
on effectz of water on feldspar order-disorder, and extensive talks with T, V. Refson on LDA
plane-wave pseadopotential methods and comparison with ali-electron results and Hartree-Fock,
which will probably lead 1o collaborative research and joint code development.

A all It was a very fruitful scientific trip. and it is great that CCPS can help bring such
exchanges about. | should acknowledge my collaborators: B. Burton, Z. Goug. [ Inbar. D. Isaak,
Mo Riuge. 10 AMazin, F. Marton, Lo Stixrade. and E. Wasserman, [ also thank the National Sci-
ence Foundation, the Office of Naval Research, and the Carnegle Institution of Washington for

supporting my rescarch.
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Report of Visit to UK by Professor Stefan Estreicher (Texas Tech
University)

19-25 Aarch 1996

Visit to London by Professor Stefan Estreicher

Andrew Fisher

Department of Physics and Astronomy
University College Londoen

Gower Street

London WCILE 6BT

timail: andrew fisher&ucl.ac.uk

In the London part of his trip. Professor Estreicher visited the Condensed Matter and Matecials
Phvsics group at University College London. He gave a talk on “Passivation processes in silicon”
on 25 March. which was attended by an audience of about thirty people. The audience was drawn
from the group at University College, from the Physics Department at King's College, lvom the
Semiconductor [RC at lmperial College, and from the Rutherford Appleton Laboratory,

There was a lively discnssion ab the seminar and over the Innch following. which locussed
(among other things) on

L. The role of basis-set superposition error in electronic structure caleulations of defects;

2. The importance of zero-point ensrgy in the free energies of defects involving light interstitials
fparticularly hvdrogen):

3. The possible identity of rapidiv-diffusing passivating species which are implied by recent
developments In solar cell technotogy;

4. The candidate structures for various delect-hvdrogen complexes, and their possible uses in
passivation.

Visit to Edinburgh by Professor Stefan Estreicher

Graeme Ackland

BPept. of Phvsics and Astronomy
The University of Edinburgh
James Clerk Maxwell Buoilding
The King's Buildings

¥ayxfield Road

Edinburgh I2HY 307

Enul: g.j.ackland@ed.ac.uk

Prof Eistreicher spent two days with us in Edinburgh, speaking with all members of the Con-
densed Matter Group involved with solid state simulation. Ve had very helpful discussions rve-
garding the mechanism for neutral sel-interstitial diffusion in silicon, a topic of mulual interest,
and he had some interesting observations to make regarding our discovery of threefold rings of
carbon atoms tn amorphous carbon, in particular on the possibility that they might be remunants
of Uy clusters {stable as equilateral triangles) fromw the high temperatuve starting phase. [lis talk,
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on work carried out some time ago regarding diffusion in silicon. but excluding his very recent
discoveries of hydrogen enhanced diffusion of oxvgen, was delivered to a stall audience of about
20,

Although, in the event, I was unable to arrange the good weather [ had promised. Prof. Eistre-
icher also enjoved a few days of being a tourist in Edinburgh, We also invited Stefan to a group
meal which was well enjoved by all, even the haggis pizza. The whole group found Prol Fistreicher's
work of tterest and him very approachable. In all it was a very successful visit, both scientifically
and soclally, and I should like to thank CCP3 for making it possible.
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Report on CCP5h-sponsored visit to UK of
Professor Martin Schoen (TUB Berlin)

Professor Schoen visited the Department of Chemistry, University of Manchester, where his
host was Dr, Andrew Masters; the Department of Chemistry, Imperial Coltege London, hosted by
Professor Dominic Tildesley; and the Department of Physics, University of Bristol, where his host
was D, Mike Allen.

Martin arrived at Manchester from Berlin via Frankfurt on the morning of Tuesday 7 May. The
journey was slightly jeopardized by the recent fire at Dusseldorf, which had made the originaily
scheduled route impossible: the revised connection at Frankfurt turned out to be very tight.

Martin mainly talked with Andrew Masters, his post-doc., Lena Akhwmaskava, and Julian Clarke
from UMIST, with wlom he shares many common simulation interests, [He gave a serninar entitled
Phase transitions in confined films, Computer simdations and theoretical results which covered
shear-induced welting of conflined solids, the microscopic structure of a near-critical (luid in a pore
and some beautiful work ou layering transitions in conlined geometries. On Wednesday, Martin
departed by train for London.

Martin arvived in London at about 5.30 p.m. on 8th May. We were able to find him accom-
modation in one of the Iinperial College Guest rooms in Prince Consort Road just opposite the
college. fan Gould and David Nicholson took Martin to dinner at the Brasserie St Quentin in
Kuightshridge. ensuing an auspicious start to his visit ‘

We worked hard on the Thursday. Martin spent the first hour with Dominte Tildesley, They
discnssed Dominie’s recent work on the calenlation of the non-linear suscoptibility and modelling of
the second harmonic generation at the air/water interface and studies of {lexible molecules dissolved
tn the Gav Berne fluid, Martin described his recent wark on diffusion in confined monolaver films
and a Tavlor series Monte Carlo simulation method, which is reminiscent of the muitiple time-step
mothods in molecutar dyvnamics.

After coffee, Martin spent tine with David Nicholson. David discussed his recent work on grand
canowical simulations of mixtures in pores. his molecular dynamies studies of sell-diffuston in slit
geometries and new intermolecular potentials lor zeolites. We introduced Martin to Dr Julian Gale,
our Roval Society Researclh Fellow. Julian described his work based on the first density funetional
calentations of molecular adsorption on zeolite fragments, Recently this area hias been extended to
the use of plane-wave metiiods to study the binding of adsorbates in a periodic representation of
aonicro porous material.

\We went to the huperial College stafl canteen lor lunch and to take our mind off the food. we
diseusmed the changes in Berlin since veunilication. [t is always a greal pleasure to swap stories
o the goveriiment's unusual approach to managing academic affairs. The chaos stretches across
Furape,

i the alternoon Martin had an opportunity to meet the post-doc’s and graduate students, He
ek an bnteresting session with Vladimir Sokhan discussing the adsorption of phenol at a water
liquid /vapour intecface and with Patrick Harvey on the penetration of oil into surfactant layers.
Martin was full of ideas and questions and [ think this session was enjoyed by all. We remembered
to give him some time to think about his own taik and we had arvanged tea for .00 pm in the old
part of the Chewmistry Building, which houses some magnificent Victorian lecture theatres.

We enjoved an excellent seminar. Martin's observations on the significant changes in the lateral
hguid structure of a fluid during pore filling gave rise to a large number of questions about the
order and nature of the underlying phase transition. The seminar was much appreciated by a small
bt well-informed audience.
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After a vote of thanks, we gave Martin a short seminar on the vagavies of the London Under-
ground and delivered him with clear instructions for Paddington by way of South Nensington.

Martin arrived ln Bristol shortly after 9 p.m., and had dinner with Mike Allen at Browns
Restaurant. recently converted from the University Student Refectory into a place that serves
decent food. An early start the next dav saw Martin in detailed discussions with MMike and his
students. Philip Camp described recent simulations of biaxial nematic ordering in rod-plate mix-
tures, and the mapping out of the isotropic-nematic coexistence line lor uniaxial hard ellipsoids
by Gibbs-Dubém tntegration. This work is divectly connected with testing receat improvements
to the classical Onsager theory. Julian Brown outlined work carried out in collaboration with the
group in Seville, investigating the effect on the phase diagram of systematically varying parawe-
ters n the Cay-Berne model. Martin has recently begin work on the effects of confinement and
simple models of molecule-surface interaction on this type of model. and there seems to be some
scope lor collaboration and exchange ol information in the future, Mike Allen also described recent
determinations of the Frank elastic constants for this system by his student Mark Warren. Martin
spent some time discussing a range of shimulations with Jeroen van Duljneveldt, a Ramsay Research
Fellow in the group.

With Bob Evans. Martin discussed theoretical aspects of the effects of confinement on phase
transitions, some of the relaled experimental work going on in the laboratory in the group of
Ashral Alam. and the effect of the long-range [orm ol the pair potential on the asvmptotic form of
pair correlation functions and density profiles. With Bob, Mike Allen and Hector Dominguez, he
discussed some simulation work of Hector’s on the effect of confinement on the (reezing transition,
whicl involves some quite delicate free energy calculations.

The seminar was guite well attended. provoked much discussion, and was appreciated by all,
Afterwards, Martin had the chance to talk to Margarita Rivera, a graduate student in the polvmer
group. who has performed a range of experiments on complex molecules adsorbed on surfaces using
STX/AFA apparatus,

On Saturday, some time was devoted to tourism. Nike and Martin started Dby giving moral
support to Philip Camp, who was playing in a two-day croquet tournament (more hard-particle
dyunamics}. Then a guided tour of Bristol, part on foot, part by boat, followed. Alter tunch, Nike
went home Lo watch the FA Cup Pinal on television, while Martin slept back at the University
accommodation: it is dehatable who had the more interesting time. A final dinner at the local Balti
restanrant brought the visit to an end. Martin departed very early next morning for Heatlirow by
coach.

All those invelved thought the visit worthwhile, Our thanks go to Martin Schoen for undertak-
ing such a tour, talking to so many people, and being so interested in evervthing he encountered.
cord woukd fike to thank the institutions who cooperated in this venture.
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Book Review

The Art of Molecular Dvnamics Simulation

by D. C. Rapaport

Cambridge University Press, 1995, £45 (hardback)
[SBN 0 521 44561 2

The author describes this as an introductory text, a recipe hook, and a reference manual. The
title recognises that simulation, like cooking, Is as much an art as a science.

The approach is. within each chapter, to develop theory and methodology together, nsually
followed by examples and exercises. Algorithms are described using program listings which are
integrated nto the text, and il is this feature in particular which gives the book its practical
flavour which will be much appreciated by beginners.

After an Intraductory Rrst chapter the author devotes four chapters to developing the fun-
damential methods used to study simple Muids. Topics discussed are force evaluation. including
neighbour list and cell search methods: leapfrog and predictor-corrector integration schemes: mea-
surement of thermodynramic and structural properties (including Voronoi polyhedra): transport
coefficients: and dynamic structure factors, There are then chapters on constant temperature and
constant pressure methods, and on non-equilibrinm methods, belfore the author turns to molecular
systems. Rigid molecule dynamics is described usiug a quaternion representation with a predictor-
correctoy algorithm; fexible molecules are also discussed, including the use of angle and torsion
forces and the application of bond-length constraints, The next chapters cover the Ewald sum
{applied to dipolar svstems); three-body forces: and hard-sphere simulations, Finally there ave
two cliapters which reflect particidar rescarch interests of the author: on the atamistic approach
to fluid dynamics: and on algorithms for parallel and vector supercomputers,

The treatment is thorongh and the style readable, A student who works through this book will
gain aun excellent grounding iy molecular dynamics simulation. As a reference manual it is perhaps
tess successful, sluce ity very thoroughuess necessarily leads to omissions. Sowe of wy favourite
algorithins are missing (leaplrog rotational algoriths, loose coupling thermostat and pressurestat)
and a weakyess s the lack of consideration given to ionic materials.

A aspect of the book that will be controversial is the choice of the C language for the program
listings, The author has avoided the use of C features that are not found in Fortran 77 but some
will fecl that he thereby ends up with the worst of both worlds, To keep the listings short he makes
lberal use of global variables {which are listed 1n an appendix): a bad habit to encourage.

The book tivites comparison with these by Allen and Tildesley (ISBN 0 19 835375 7) and Haile
(ISBN 0 47T 81966 2). Allen and Tildesley cover much more ground, with a deeper theoretical
basis. more algorithms (including Moute Carlo) and more physical examples, but are less good on
nuplementation details. Haile covers a few methods at a deep. almost philosophical, level bul fails
to get bevond the soft-sphere model, and relegates programming considerations Lo an appendix.
Adlen and Tildesley remains a very useful reference, Haile can be read with profit by beginners and
experts alike, but Rapaport has provided the best introductory text.

David Fincham
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Advanced Computer Simulation of Materials

The CCP5 Annual Meeting 1995,

sponsored by Biosyw /Molecular Simulations.
Daresbury Laboratory,

Warrington WAL 4AD, UL,

20th-22nd September 1995

Introduction

NM.JL Gillan
Physics Dept., Keele University, [Keele, Staffordshire ST5 5BG. UL,

The computer simulation of materials has been going through tremendously exciting changes
recently. Two kinds of things are happening. More complex problems are being tackled than was
the case a [ew vears ago. But also, completely new kinds of problem are being addressed. The
ability to simulate complex real-life problems is certainly due in part to improvements in computer
power, [ere. both the avallability of local distributed hardware and the provision of leading-edge
high-perfermance lacilities are playving a major role. The installation of the Cray T3D at Edinburgh
in 199 has been crucial for the vitality of computational sclence in the ULIC But just as important
as bigger computers has been the discovery of new techniques. I am thinkivg heve particulacly
of the Car-Parrinello method of ab-Initio simulation, which has so much expanded the range of
problems that can be addressed.

The C'CP5 Annual Meeting 1995 provides plenty of illustrations of both kinds of advance -
hotls the biportance of improved computer power and the fncreasing role of ab initio simulation,
icloed. some of the presentations combine the two themes, by reporting ab initio materials simu-
lations performed on the Cray T3D or other high-performance machines. [t is a well-worn cliché
te talk about a conference giving a “suap-shol” of the field. But in this case the phrase secms
entirely appropriate. The tollowing set of abstracts from the meeting gives a glimpse ol whal was
happening in the advanced computer stimutation of materials in late 1995, CCPS can be proud to
be participating in the exciting advances now going on.

Lecture abstracts

Bond Order Potentials: can they bridge the electron-atomistic length-scale gap?
D. G. Pettilor
Oxford University, Parks Road, Oxford.

First principles linear scaling technique: the density matrix approach
B, Herndndez, ' C. M. Goringe ? and M. J. Gillan *
Physics Depl., Ikeele University, Keele. Staffordshire ST5 5BG, UK,
* Uiniversity of Oxford, Parks road, Oxlord.

An algorithm for first-principles electronic structure calculations having a computational cost
which scates finearly with system size is described. The method exploits the real-space localization
of the density matrix. and 15 related to the technique of Li, Nunes and Vanderbilt. The density
wakrix is expressed tn terms of localized support functions, and a matrix of variational parameters
Lo haviug finite spatial range. The total energy is minimized with respect to both the support
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functions and the L,z parameters. The method is variational. and becomes exact as the ranges of
the support functions and L matrix are increased, The method has been tested on silicon systems
containing up to 512 aloms. Sowme results will be presented, and future developments are outhined.

Monte Carlo simulation of electronic transport in advanced technology
semiconductor devices
R, W. Kelsall -
Microwave and Terahertz Techuology Group, Department of Electronic and Electrical
Engineering, University of Leeds, Leeds, LS2 93T, UK.

Recent developments in semiconductor processing techuology have enabled the fabrication of a
range of complex device structures. Devices such as the [ligh Electron Mobility Transistor {(HEAMT)
consist of multiple lavers of different semiconductor alloys, with minimum layer thicknesses of the
order of 107"m. The active region of such devices has been continually reduced in size, in the quest
for high operating speeds and frequencies. State-of-art ficld effect transistors (FETs) have heen
fabricated. on both silicon and gallium arsenide substrates, with gate lengths less than 100um.

A accurate description of such devices requires the development of detailed microscopic mod-
els. The most successful approach to date involves the use of a Monte Carlo technique to simulate
typical trajectories for an ensemble of electrons within the device. The energy and angle depen-
dences of the electron scattertng probabilities are caleulated from time-dependent perturbation
theory. and scatiering events are selected stochastically during the simulation. Scattering by -
purities {dopants) and alf relevant phonon modes are considered. Consequently, the stinulation
represents an exact solution of the semi-classical Boltzmann transport equation {or the device.
The internal electric fields are self-consistently obtained by solving the Poisson equation {usually
in two dunensions) on a frequent timestep. e energy band spectrum of the constituent semi-
conductor(s) can be represented to any desired precision. Usnally, a many-valley effective mass
schewe 1s sufficient, but, where high energy phenomena are to be studied, a complete energy band
spectrum can be obtained from a pseudopolential caleuwlation,

The purpose of this paper is to explain the key elements of the simulation method, to describe
the current state-of-art in this feld, and to show results rom seme of the recent work at Leeds on
simulations of wltra-short gate multilaver FETs.

Ab-initio calculation of stacking fault energetics in silicate perovskite
IX. Refson ! and V. Heine ?
! Department ol Earth Sciences. University of Oxford
? TCA Group. University of Clambridge

E-xtended defects. namely distocations and stacking faults are a common mechanism (or creep in
ceranic materials. (Magnesium) silicate perovskite is the major constituent of the Earth’s mantle
and its ereep belaviour at high P and T controls the rheology of convective low and consequently
the motion of tectonic plates on the Earth’s surface. Experimenls are not practical at mantle
pressuve and temperature, but computer simulations using quantum mechanical wethods based
on density-functional theory can provide precise and reliable results irrespective of the extreme
conditions, I

Dislocations in analogous perovskites such as CaGeQs dissociate into partials separated by a
(110] stacking fanlt, whose encrgy and activation energy ol formation are an important constraint
on the creep process, We have calculated the energetics of the {110} stacking (ault in (aSiOy
perovskite including a complete gamma-surface for the [110] shear. At 0GPa and 50GPa the
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stacking-fault cnergios are 1.1 and [.77 J/m? respectively and the activation energies for the shear
are L84 and 343 J/m?,

Investigation of the Si(001) missing dimer defect structure
D. R, Bowler. €. M. Goringe and J. H. G. Owen,
University of Oxlord, Parks road, Oxford.

At low imaging voltage in STM pictures, single dimer vacancies are highlighted by a bright
feature on neighbouring dimers. This contrast disappears at higher imaging voltages. For a number
ol proposed structures of the single dimer vacancy, ab-initio calculations of charge density as
a function of energy have been used to simulate STM images. These images show a marked
bing voltage dependence, and the low bias voltage images differ markedly between the structures
maodelled. On this basis, the rebounded structure is identified with the highlighted defects.

Energetic Particle Impacts with Graphite
Roger Smith, Keith Beardmore ' and Roger Webb ?
* Loughborough University, Leicestershire LELL 3T,

* University of Surrey, Guildford GU2 3XH,

This paper will examine the effects of single particle and cluster {C60) impacts with a graphite
sueface al encrgies up to keV, by using classical Molecular Dynamics simulations and many-body
potentials. [t will bé shown how single particle impacts can be responsible for bump formation on
the graphite surface. These will be compared to experimental observations in the STM. Cluster
jmpacts on the other hand produce waves on the graphite surface which are hexagonal in nature
and fittle sputtering of material occurs al encrgies up to about 1 keV. The damage to the lattice as
a result of these energetic impacts will be examined, Computer-generated simulation videes which
Hlustrate the Tormation of the bumps and the waves will be shown.

Ab jritio molecular dynamics calculations to study catalysis
Kaviheinz Schwarz
Technische Universitit Wien, A-1060 Vienna. Getreidemarkt 97158, Austria

Density Tunctional theory {dft) with the local density approximation (lla) was the basis of
many solid state calculations, where a lot of experience has been gained. The wmodern versions
of dft especially those using the generalized gradient approximation [gga), have reached {almost)
chemical accuracy and thus such dft calculations can be applied to problems of real chemical
interest, such as catatysis. The basic concepts for solving such problems are as follows. as a fiest
step one must evaluate the dft and check and Improve its form (Ida, gga, etc) on small ideal systems
of botl, selids and molecules.

The ab initio molecular dynamics {md) method was initiated by Car and Parrinello, who
atarted with a lagrangian combining the nuclear and the electronic degrees of freedom. where the
forces acting on the atoms are determined within dft but the atomic motion is treated classically.
The corresponding equations of motions are solved simultaneously for both, the aloms and the
electronic wave fnnctions, using a verlet algorithm. A very efficient implementation of this scheme
is the projector augmented wave (paw) method developed

Enantioselective dehydration of butan-2-ol using modified zeolites
5. Feast, DL Bethell, P. €. Balman Page, R. H. Siddiqu, D. J. Willock, G. J. Hutchings
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Leverhulme Centre for Innovative Clatalvsis, Robert Robiuson Laboratories, Department of
Chemistry, University of Liverpool. PO Box 147, Liverpool, LG9 33X, UK. ['. King
ICT kataleo, Research and Technology Group. PO Box 1, Bifllinghawm, Cleveland. TS23 118, Ul
and €. . Rochester
Department of Chemistry, University of Dundee, Dundee, DD A4HN, Uk

The proton form of zeolite Y was modified with f-1,3-dithiane-1-oxide al a loading of one molecule
per supercage to create a chiral acid catalyst, The enantiomeric discrimination of this catalvst
was demounstrated using the dehydration of the separate enantiomers of butan-2-ol and over the
temperature range investigated the S-enantiomer was alwavs more reactive. This catalyst system
was then stuclied wsing computational simulation methods, Molecular dyvnamics was used to in-
vestigate the thermal stability of the modifier molecule in the zeolite. [n order to repraduce the
expertientally observed thermal stability it was found that the dithiane oxide is probably present
as a callonic species. With this model of the active catalyst the butan-2-ol enantiomers were then
docked into the stracture using a combination of Monte Carlo and energy minimisation techniques,
The lowest energy structures for each of the enantiomers of butan-2-ol thus produced had binding
energies of 6:1.7 kJmol™! and 48.3 kJmol™! for the S-enantiomer and H-enantiomer respectively.
This difference in the adsorption of the two enastiomers is considered to be the ovigin of the
orhanced reactivity ol the S-enantiomer.

The transport of methane through shales
N. T. Skipper
Department of Physics and Astronomy . University College ., Gower Street , London WCLE 6BT

Natural gas and ofl are generated by the geochemical breakdown of dead ormanisms entorobed
within compacted sediments, known as source rocks, Unfortunately. it is seldom possible 1o ex-
tract todayvs commercial hyvdrocarbons divectly (rom their source sediments. Instead, petroleum
geologists must search for pools of oll and gas that have migrated out of low permeability source
rocks, and then become trapped within a high permeability reservoir. A detatled knowledge of
the dilfusion of hydrocarbons through both source and trap rocks is therefore fundamental to
petroteum exploration, Molecular dynamics computer modelling can now provide these diffusion
data. and establish the microscopic mechaniss involved in hvdrocarbon transport. As a first step
we have caleddated the mobility of methane within the most common group of source and trap
rocks. namely clay-rich shales. Data ave presented as a function of shale porosity, for burial depths
of up to km. They show that molecular diffusion within nanometer scale pores is a dominant
mechanism for the migration of methane through compacted shales.

Recent Modelling Studies of Molecular Ionic Materials
R. A Jackson, P, J. Wilde
Chemistey Department. Keele University, Keele, Staffordshive $T5 5 BG, UK. G, B Telfer and
[, J. Roberts
Department of Pure and Applied Chemistry, Strathelyde University, UK.

Motecular fonic materials present challenges Lo computer modellers in that their cohesion involves
both ionic and covalent interactions, both of which must be accounted for in any potential devel-
opedd.

The talk will show how a consistent potential model has been used for a range of such materials,
with paraneters obtained by empirical fitting. The materials studied include carbonates, phos-
phates, perchiorates and chlorates. where in each caso. potentials have been fitted to structural
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data, and tested by transfer to other materials in the same family. As well as calculating bulk
crystal properties. morphologies have been calculated, using both altachment and surface energy
approaches. Comparison is made with experimental data, where available,

Finally preliminary results will be presented of modelling studies of ammoninm chloride, a
moelecular catjonic material.

Alkali diffusion in alkali silicate glasses
W. Smith, ' T, Forester, ! M. J, Gillan ¢ and N. Greaves !
' Daresbury Laboratory. Warrington WAY 4AD, UK,
? Keele University, Keele, Staffordshire ST5 3BG, Ul

Motlecular dynamics stmulations of alkall silicate glasses have revealed a structure consistent
with expoerimental determinations, whicl in turn are consistent with the modilied random network
model. Long-time scale molecular dynamies have vielded quantitative measurements of the alkali
diflusion and demonstrated the mechanism of lon migration. The results show a pronounced “mixed
alkali” effect similar to that observed experimentally and thus promise to account for the observed
behaviour in real glasses,

Dissociation of O; on Ag(110)
DML Bird, L PoAL Gravil 1 and T AL White ?
U Sehool of Physies, University of Bath, Bath BA2 TAY., UK
* Cavendish Laboratory, University of Cambridge, Cambridge CB3 HE, Uk

The interaction of Oy with Ag{t10} provides a classic example of precursor-mediated dissocia-
tlon. with a well-characterised molecular state existing between the gas-phase molecule and fully
dissoclated O atoms. We will present results of a first principles study of this svstem, based on
density functional theory and using a plane-wave, pseudopotential method tmplemented on a Cray
T3 parallel supercomputer. The calculations include full relaxation of the Ag substrate. gradient
corrections and spin-polarisation. Results will be presented for the the structure and energetics of
the clhiemisorbed Oy state and the reaction pathways into and out of this state, The charge transfer
from nretal 1o motecuie will also be discussed.

Tri-methyl-gallium adsorption on GaAs(001) #(2x4)
C AL Goringe and A P Sutton
Department of Materials, Oxford University, Oxford QX1 3P,

The structure of the GaAs{001)-(2x4) surface has been the subject of considerable controversy. We
have fitted tight-binding parameters to Local Density Approximation (LDA) vesults, Using alinear
scaling tight-binding method we have been able to model sufficiently large unit cells to investigate
the energetics of dimer row kinking, which provides strong evidence to support the identification
of the 3 phase with the trench dimer model. Having done so, we returned to LDA calculations
to investigale the interaction of the important CBE growth precursor tel-methyl-galltum {(TMGa)
with the swiface, In order to identily both the mobile precursor structure and the final bonded
structure.

First principles simulation of nanoindentation and Atomic Force Microscopy on
silicon surfaces
Ruben Perez, Michael C. Payae
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Theory of Condensed Matter, Cavendish La.bo'rato'r_',-'_.'Universitj,-' of Cambridge. Madingley Roacl,
Cambridge CB3 OHLE, UK.
[van Stich and Kivo Terakura
JRCAT, Angstrom Technology Partnership L-1-- Higashi, Tsukuba, [baraki 305, Japan

Total-Energy pseudopotential calculations, implemented on a massively parallel computer. are
used to study the interaction of a tip with a silicon surface in two relevant regimes: close mechanical
cotttact in the nanoindentation experiments, and, weak attractive forces in the AFM operated in
tie non-contact mode.

In the case of nancindentation, the goal is to understand the onset and development of plas-
ticity in the mdented material. Plastic flow of atoms towards interstitial positions and extrusion
of material towards the tip walls, induced by the non-uniform volume strain and stabilized by the
adhesive interactions with the tip, are the dominant mechanisms. The delocalization of the charge
mduced by the stress i the elastically compressed structure trigeers these plastic deformations,
The adliesive interactions, disregarded in many continuum approaches. ave also shown to be re-
sponsible for the (tiction through the mduced stick-slip motion of $1 atoms along the walls of the
tip. the hyvsteric behaviour observed in the simulations pulling the tip back from different stages
of the indentation process, and the recovery of plastic strains during unloading. The onset of irve-
versible damage is related 1o the plastic deformation of the second double laver of the silicon slab.
The effects of temperature and strain rate on the indentation process are considered by calenlating
the cnergy barriers between the different stable structures found in the total-energy diagram and
thelr vartation with stram. '

The simulations of the non-contact AFM have been motivated by the recent report of atomic
resolition images of the Si(111)-7x7 using this technique {(F. J Giessibl. Science, 267 (1995) 633,
Our results show that the range ol operation, the values of the force. and Ue images determined
experimentally, can be understood as a result of the interaction of the tip with the adatoms in the
surface, Atomic resolution contrast is enhanced by the interaction between the dangling bonds of
the adatois and the apex atom in the tip. The contrast mechanizm is related Lo the coupling
between the tip and the charge transfer modes among the diffevent dangling bonds tn the surface.

Clusters, nanostructures and interfaces
L5, Landman
Georgia nstitute of Technology, Atlanta, Georgia. USA.

Computer-based modeling and simulations provide deep insights into the structural, dynamieal,
and mechanical properties ol malerials and the fundamental mechanisins of materials processes in
various phases and degrees of aggregation. [n this lecture we discuss computer simulation method-
ologies. including large-scale classical molecular dynamics (MD). ab-lnitio Born-Oppenheinmer local-
spin-Odensity {LSD} functional MD, and “all-quantum™ simulations combining BO-LSD-MD with
a path integral quantum wechanical treatment of the nuclet. These methods will be illustrated via
investigations of:

s size-cvolutionary patterns of materials properties, {rom molecules to clusters

e protlonated water clusters
e fission of charged metaltic and molecular clusters
e formation and properties of interfacial solid and Hquid junctions



Alayv 1996 31

e studies of nano-clastohydrodynamics of complex liquids in lubricated sheared junctions

The importance of combined modelling and experimental studies for characterising
semicenductors
R. Jones
Department of Physics, University of Exeter, Fxeter, EXA4QL

Defects in semiconductors can exist in unexpected strnctures and exhibit unusual properties
dependent on charge state and mode of preparation. [n addition, in many cases the defects are not
in their lowest energy states but rather tu a state of frozen equilibriwm. their chemical composition
iz often unknown along with their crystalline state: ie the number of interstitial versus substitu-
tional components. all this makes ad dnitio modelling extremely difficult. Real progress can come
from combined experlinental and theoretical investigations and examples of such investigations are
presented. The important concluston is that far from the ab initio modeller being able to do away
with the experimentalist. the need [or close collaboration is stronger than ever,

Chemical Potentials and Defect Energies in Ordered Alloys
M. [Finnis
The Queen’s University, Bellast BTT INN, UL

Thie caleulation of defect energles in ordered alloys has been problematic because it is necessary to
acconnt for the chemical potentials of the species. These depend on alloy compogition’ and three
independent point defect formation energies. This is tmportant for the comparison ol energies of
grain boundaries ol alternative stenctures, even in the static limit (0 K). A consistent approach to
dealing with the problem is desceibed and illustrated by caleulations of grain boundaries in NiAl
It s shown how the polnt defect formation energies determine the refative stability of boundary

sUrnctures,

Defects and photo-induced processes in 1onic nano-clusters
AL Shluger, ' L. Ackermann, P AL HL Harker ' and J. D. Gale ?
P The Roval Institution of Great Britain, 21 Albemarle S5t.. London WIX ABS
? Dept. of Chemistry, Imperial College, South Kensington, SW7 2AY.

We have developed a new computer code for studies of defects in clusters and their aggregates in
order 1o model the mechanisms of defect processes in nanometer size clusters and highly dispersed
powdered materials nsed In surface science and catalysis. In this approach a quantum cluster
melucing several tens of fons is embedded in a much larger cluster {nano-cluster) which is treated
tsing mteratomic potentials and shell model lor lonic polarisation within the GULP computer
cocde, Polarisation of the nano-cluster is produced by an electric field due to fonie displacements
and difference in the charge density distribution in the defect area treated quantum- mechanically,
with respect to a ‘reference system’. The polarisation potential is then included in the elements
of the Fock matrix and the whole procedure Is repeated uutil the total energy of the combined
svatern does not change. The reference system may be a relaxed cluster ol any form, with or
without impurities. [t is treated fivst completely quantum- mechanically to obtain an electronic
structure and charge density distribution which is then used to calculate electrostatic interactions in
stuclies of defects in this system. For quantum-chemical caleulations we are presently using a semi-
etmipirical technique based on an uarestricted Hartree- Fock method and the CLUSTER computer
code. Oplical transition energies are calculated using the coufiguration interaction technique for
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single excitations. We are currently working on implementation of the GAUSSIAN code within
the same approach,

First apphcations include: 1) studies of geometric and electronic structure and optical absorption
of (MegO)n clusters {n=232.64,108) as a function of the cluster size and structure of cluster edges
(number of steps, kinks and corners); i) studies of geometric and electronic structure and optical
absorption of [LiJ0 centres at different positions within these clusters; it} studies of decomposition
of these clusters due to exciton excitation and hole trapping at low- coordinated sites, We suggest
an interpretation for the optical absorption and photo-tuminescence spectra of highly dispersed
MgQO. For the hole centres, we have determined the preferred '

sites for the trapped holes and [Lil0 centres with respect to the edges and low-coordinated sites
of these nano-clusters, and have calculated their optical transitions. We have also developed a
new model for photo-induced decomposition of rough MgO surfaces based on exciton trapping and
decomposition at low-coordinated sites at the surface.

Defects, interfaces and metastability in compound semiconductors
Riste Niewinen
Laboratory of Phvsics, Helsinki University of Technology, 02150 Espoo, FFinfand

The coupling hetween the electronic aund ionic degrees of {reedom in compound semiconductors leads
to a wealth of interesting phenomena, such as metastable defects, self-compeusation and negative-
u effects, [ present results of first-principles simulations of vacancies, antisites and dopants in
these materals, as well as atomic structures and band offsets at planar interfaces. In particular.
divacancies and dx/ax centers in GaAs, antisites in GaN and band offsets for interfaces between
Zube and LIV allovs are discussed.

The ab initio simulation of liquid semiconductor alloys
ML)l Gillan
Physics Department, Keele University, Staffs. ST3 3BG, UK.

In the fast few years, dynamical ab initio simulation has become a major tool in the investigation
of solidds and liquids. This talk wilt outline the main features of ab initio simulation based on density
functional theory and the pseudopotential method. and will show how it is giving Important new
insights iito the structure and dynamics of real lquid semiconductors. Hlustrations will be taken
from recent work of the Keele group on the liquid allovs Ga/Se and Ag/Se.

Poster Abstracts

MD-Simulation and superhard materials: An empirical potential for Boron Nitride ?
Narsten Albe and K.~ Heinig
Rescarch Center Rossendorf Ine., Institut of lon Beam Physics and Materials Rescarch, PO 51 01
19 Germany- 01314 Dresden

We discuss an emplrical interatomic potential, which could be a promising candidate for MD-
Shnulations of «-BN thin film deposition. A cluster functional is proposed combining a modified
Tersoff potential and a coulombic part. Results of first-principle caleulations done by a DFT
pscudopotential code are shown and discussed as data base for an optimal parametrization of the
proposed potential,
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Studies of tRNASP Dynamics and Interactions - Part I: Solvated Molecular
Dynamics Investigation of the Structuring Effects of Long-Range Hydration Forces
on the Anticodon Loop
Pascal Auffinger, Shirley Louise-May and Eric Westhof
Institus de Biologie Moléeulaire et Cellulaire du CNRS, Modélisations et Simulations des Acides
Nucléiques, UPR 9002, 15 rue René Descartes, 67084 Strasbourg Cedex. trance

A set of six independent 100 psee molecular dynamics trajectories of the fully solvated and
neutralized anticodon loop of ERNANSD 0 were generated using the AMBIR force field, SPC/E
waters, mobile ammonium counterions and atomic charges from low temperature X-ray data of
isolated nucleotides P starting from the same initial configuration, but with different initial velocity
distributions, The protocol consisted of using a 16A truncation distance for the electrostatic sofute-
solvent and solvenf-solvent interactions and no cutoff for the solute-solule interactions. This led
to an increased stabilization of the structural interactions of the anticodon loop over an earlier
sot of eight 100 psec simulations using an 84 truncation distance for the interactions involving
the solvent, ¥ The results point to the importance of the inclusion of such leng-range hydration
forces tn molecular dynamics. The tncreased stability of these trajectories allowed ns to complete
an extended analysis of the dyvnamical leatures of some of the main interactions stabilizing this
RNA {ragment. The observance of C-H ... acceptor hydrogen bonds located in structural strategic
sites of the anticodon loop throughout the MD trajectory is presented, as well ag dynamical global
and detailed structural characteristics of the structure, its solvation, and some pertinent diflerences
observed between the present set and the 84 set. Additionally the relevance of running multiple
molecular dynamics simulations is also discussed,

[ Westholl 2.0 Dumas, P, Moras, D, JJ. Mol Biol, 184 | 119-T145. (1985}

[2] Pearbman. D A K S, U, J0 Molo Biol 211 | 171-187 (1990)

[3] Auffinger. P.. Lowise-May, 8., Westhof, . J. Adm. Chem. Soc.. (1993}, in press.

Mbolecular Dynamics simulations on DEMOS
Joost Beckers. Mathiyn Elhorst, AL . Bakker, 5. W, De Leeuw
Department ol Applied Physics, Delft University of Technology, The Netherlands

The Dellt Molecular Simulator (DEMOS) is a special purpose computer designed and build for
large scale Molecutar Dynamics simulations. It consists of a linear array of processor boards each
equipped with a fast [0 MHz 860 RISC processor, and large on-board memory {32 - 128 Mb).
Neighbowring boards are able to communicate through an asynchronous inter-processor bus {max
64 Mb per sec), independent of any other board, thus reducing latency to a minimum. Additional
commmiication is handled by a global bus connecting all boards and the host computer, which
provides for storage and program control. See figure.

Many potentials used for molecular modelling consist of short-vanged interactions between
atoms. This fact can be exploited by linear domain decomposition of the computational box into
slices of size larger than the potential cutoff vadius, In that situation, onty communication between
neighbouring processor boards is requived, which is extremely fast on DEMOS. [u some cases long-
range forces like Coulombic interactions are present and special techniques can be applied to handle
these intevactions correctly and still make use ol the parallel architecture of DEMOS.

A molecudar dyvnamics program has been written and is currently used for simulation of solid
silicon-germanium superlastices and silicon-oxide structures. Focus 1s on growth and structural
aspects, Preliminary results will be shown,
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An Ab Initio Study of the Compressional Mechanisms of Forsterite at High
Pressures
Joln Brodholt
Dept. of Geological Sciences, University College London

The compressional bebaviour of forsterite (M ¢,540,) Is of considerable interest o geophysicists
since it is the major phase in the upper mantle and interpreting seismic data requires accurate
values for bulk moduli. Forsterite is comprised of isolated SiQy tetrahedra linked by chains ol
edge-sharing distorted octahedra occupied by magnesium ions. Experimental data have led to the
suggestion that there are discontinuities in the compressional mechanisms at about 8 G:Pa and 10
(iPa. The low pressure change is thought to be due to one ol the Mg-O bonds becoming essentially
incompressible at about 8 GPa. In order to test this we have performed ab initio LDA calculations
using the parallel code CETEP on the Cray T3D at Edinburgh. Extremely good agreement is found
hetween the compressibility of the caleulated cell parameters and the experimental data. In contrast
to the experiments, however, we find no evidence for discontinuities in compressional mechanism
at anv pressure up to 70 GiPa and suggest that the experimental data has been overinterpreted.

Molecular dynamics simulation of LaF; nano-clusters
V. L. Bulatov, R. W. Grimes, A, H. Harker
Materials Departiment, lmperial College, London, SW7T 28D

A new molecutar dynamics code has been used to simulate the behaviour of in vacuo Laly,
nano-cluster {i.e. no periodic boundary conditions). The method is based on a Gear 5th ordet
predictor corrector algorithm with recursive generation of initial vartables. Forees are calenlated
using a Horn-like description of an ionic lattice,

Three elusters were simulated, consisting of 160, 552 and 3120 lons respectively. A linear
heating rate was applied of LOOK per ps starting from clusters equilibrated at 18K Our tuterest
is in three transitions. The first 38 at ~1100 [ and corresponds to the onset of {ast [luorine ion
conduction. The second s at ~1600K at which point all clusters melt, Finally at much higher
temperature (~H00K) evaporation occurs.

Despite the jonic description of forces, throughout the temperature range we observe short-
range structures which are reminiscent of molecular-hike behaviour.

An ab initio Study of a £15 (210)[001] Tilt Grain Boundary in the Transition Metal
Dioxide TiO,.
[. Dawson. M. HL Lee. ML CL Payvne and P, D, Bristowe.
Cntversity of Cambridge, CB2 3Q7Z, UK.

The microscopic properties of a high-angle tit grain boundary in rutile {T10y) have been
investigated via the density (unctional pseudopotential approach. Combined electronic and ionic
relaxation was performed using self-consistent Conjugate Gradient minimisation of the total energy
functional. Optimised psendopolentials were used for titanium and oxvgen, at an energy cutofl of
H00eV. The model supercell contained 60 atoms and two grain boundaries, The calcutations confirm
the stabitity of the experimentally observed transiation state of the boundary. Under stoichiometric
conditions, the structure can be characterised by an oxyvgen sublattice which is mirror syvmmetiic
across the boundary, The resulting density of electronic states indicates the presence of interlace
states spread across the forbidden band gap of the bulk material. The pseudovalence chacrge density
is highiv localized on the oxygen ions even in the boundary core, The effect of oxvgen loss at the
bowondary on the atomic and electronic structure has also heen investigated. All caleulations were
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performed with the parallel code CETER {Cambridge-Edinburgh Total Energy Package) running
on the Cray 13D at Edinburgh Paralle] Computing Centre.

Generation of Amorphous Silicon Structure on Si{110) Surface by a Continuum
Monte Carlo Simulation
Gillay Dereli
Department of Physies, Middle Bast Technical University, 06531 Ankara, Turkey

A silicon structure is grown on a sitbstrate ol a two laver slab of crystalline silicon (110} surface
using a semi-empivical poiential energy [unction parametrized for simulating silicon svstems, The
growth is realized by means of continuum Monte Carlo at 600°/, Radial distribution functions
for the resulting amorphous structure are obtained and compared with expertmental curves,

PACS Numbers: 61.40.D0, 61.55.D¢

Parallel Molecular Dynamics simulations of growth and structure of
silicon-germanium superlattices
Mathiju Bthorst, A, IF. Bakker and 5, W, de Lecuw
Department of Applied Physics, Delft University of Technology, The Netherlanes

Most potentials used for modeling ol tetrahedral structures of silicon and germanium can be
expressed as the sum of short-ranged paic- and triplet-interaciions.  Parallefization of an MDD
program using these potentials can be done by dividing the computational box into slices larger
than the cutofl distance of the potential, Caleulation of the forces in a slice then only requires
communication with the two neighbouring slices. The special purpose computer DEMOS in Delft
is especially designed and built for this kind of local environment problems which require optimized
peighbour-to-neighbour communication (see poster by J. Beckers et al.).

An AID program for two- and three-body interactions has been written and its performance
on DEXOS proved adequate. At the moment it is used to shinulate the growth and structure of
siticon-germaniwm superlattices {57,(¢,,) for which the precise growth-mechanisms taking place
at the germaniwm-silicon interlaces are being argued[1,2,34]. Preliminary results of the simulations
will be shown,

(17 DB Jesson, 8.0 Pennyeook and J.-M, Baribean, Phys. Rev. Lett. 86, 730. 1991

{23 D0 15 Jesson. ML FL Crisholnn, S0 ). Pennycook and J.-M. Baribeau, Phys. Rev. Lett, 75,
(84, 1994

[3] N. tharashi. Ko Akimoto. T. Tatsumit and K. Ishida, Phys, Rev. Lett, 72, 3198, 199

[4] N. Ikarashi. ], Akimoto, T, Tatsumi and L. Ishida, Phys, Rev. Lett, 75, 183, 199

Molecular Dynamics Simulation studies of antibiotic mediated ion transport
T. R Forester!, W, Smith! and J. H. R Clarke?
D CCLRC Dareshbury Laboraiory, Warrington WA 4AD
2 Department of Chemistry. UMIST, Manchester M60 1QD

The selective transport of cations across biological membranes is a process of fundamental
importance in cell biology. This transport is facilitated by the presence of small amounts of an-
tibiotics. and broadly two modes of action have been identified involving channels and ion carriers,
Valimomycin (VM) is an important example of a carrier antibiotic with high potassinm selectivity,
Fovion carviers three distinet processes appear to be involved. (i) Complexation between the cation
and a membrane bound antibiotic, (i) transport of the conplex through the membrane by diffusion
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or electrophoresis, and (1) cation release at the membraue interface. Concentration gradients are
thus ameliovated by the capture and release of cations on the two sides of the membrane.

We have developed a force field for the Valinomycin and used 1t to model crystalline phases of
both VAT and the potassium complex. Both VM and K-V M have been studied in water and a non-
polar solvent along with the complexation process in free space. We also report large simufations of
valinomycin and its potassinm complex at a water/membrane interface. F'he simulations. involving
almost 19.000 atomic sites, cover a total of over 300 ps and are used to examine both VA at the
interface and the K* decomplexation reaction. The calculations demonstrate the feasibility of large
scale simulations of complex systems, They were aclieved using the recently introduced parallel
supercomputing facility at Edinburgh as pact of the work of the HPCI Materials consortium.

The studies show uncomplexed VM acts as a surfactant with hydrophobic groups embedding
i the membrane while the hydrophilic carbonyl groups hydrogen bond with water. Consequently
the conformers ¥M adopts at the interface are quite distinct from those seen in the solid state
or in bulk solution where most expertmental measurements are made, In contrast. the INT-VA]
complex prefers the membrane interior and adopis a structure close to that seen in the solid state
and in nou polar solution. It remains embedded in the membrane until the decomplexation process
s titiated by water attack through the HyV face. The decomplexation process at the interlace
is considerably {aster than that in pure water and points to the role of the iuterface itself in the
function of carrier antibiotics such as valinomyein.

Predicting growth processes; Atomistic modelling of metal atoms on ionic substrates
DML Dufly, AL ML Stoneham
Centre for Materials Research, University College, London WCLE 6B7T
J.oH, Harding
ALA Techuology, Harwell, Dideot, Oxon OX11 ORA
and J. AL Venables
School of Mathematical and Physical Sciences. University of Sussex, Brighton BN1 9QI

We show that it is possible to use existing methods, well-tested for many other svslems, to
predict the key energies which determine the growth mode (laver, cluster, etc.) of metal deposited
on jonic solids, The results agree well with experiment.

We show {urther that these energies can be used within 4 further theory of nucleation to predict
the nucleation density and other properties as a function of deposition rate and temperature. [n
particular. this analysis shows how it is possible that Ag on MeQ can form an (ohserved) metastable
faver,

These developments suggest ways to influence the growth mode and morphology of metal on
oxide. including the effects of the bulk doping of the oxide and the pre-treatment of the substrate
surlace, ax well as control of deposition rate and temperature.

The approach already allows links 10 be made between metal morphology and interfacial ener-
gles between bulk metal and bulk oxide, thongh the hink is not as simpie as sometimes supposed.
The models used have potential for u nderstandiug the operation and degradation wmechanisms of
operating sensors and catalysts.

A parallel conjugate gradient algorithm for ab-initio euergy minimization
. AL _._I. Haye, A . Bakker. 5. W, de Leeuw, P. M. L. O. Scholte, and F. Tuiustra
section Computational Physics, T, U, Delft, Lorentzweg 1, 2628 C.J Delft, The Netherlands

Fhe ab-injtio molecular dynamics technique evolves simultaneously the ionic and electronic
degrees of freedom in thme. In the field of solid state physics, this method is now widely used to
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perform total energy caleulations, i.e. to find the electronic ground state and to optimize the lonic
geometry of a configuration.

The search for the electronic ground state is most efficiently done by eniploying a conjugate
gracient algorithm. We present the hnplementation of such an algorithm on a distributed memory
payallel computer. Our implementation divides Lhe electronic states over the nodes. so that the
gradients can be caleulated in parallel {apart from a global summation to obtain the effective local
potential).

Once the electronic ground state has been found a variety of interesting properties can be
catculated. We will illustrate this for a Si{001) swiface with an adsorbed 81 dimer.

The ab-initic simulation of the hquid ga-se system
J. &L Holender and M. J. Gillan
Physics Dept., [Keele University, Keele, Staffordshire ST5 3BG, UK.,

Ab-initio dynamical simalation has been used to study the liquid (a-5e system at several difler-
ent concentrations including GaaSe. GaSe and GaySes at the temperature 1300 K. The simulations
are based on the density functional psendopotential technique. with the system maintained on the
Boru-Oppenhetier surface by conjugate gradients minimization. We present results {or the partial
structiure factors and radial distribution functions, which reveal how the liquid structure depends on
composition. An analvsis of the valence electron distribution allows s to examine how the chemi-
cal bonding depends on the apparent valence of Ga, Our caleulations of the electrical conductivity
o using the Kubo-Greenwood approximation show that ¢ depends very strongly on composition.
and is roughly three orders of magnitude lower at the stoichiometric composition GasSey than for
pure { — e, We show how ihis variation of ¢ is related to the caleulated electronic depsity of
slates. Comparisons with recent experimental determinations ol the structure and conductivity

will he presented,

Study of The Pressure Effects on Vibrational Properties of Layered Semiconductors
H C Hsueh, M C Warren, 57 Clark, & Ackland., and J Crain
Department of Physics and Astronomy. The University of Edinburgh. Edinbucgh. E19 317
Scotland

The lattice dyvnamics of lavered materials has been lound to be different from 3- dimeusionat
covalont crystals because ol the coexistence of weak interlaver and stronger intralaver coupling,
The weakness of the interlaver cohesion in lavered semiconductors makes Raman- and infrared-
active vibrations nearly degenerate and induces the very low-frequency optical phonons which
are described by the dgid-layer (RL) model. Tt is expected that these vibrational properties of
tayvered compounds will be affected dramatically under compression while the hydrostatic pressure
preflerentially enhances the wmterlayver iuteraction,

v this poster, the vibrational properties of prototypical layered semiconductors, GeS and GeSe,
under pressure have been extensively studied using a combination of first principles calculation and
experimental methods, Examination of ab-initie calenlated phonon eigenvectors shows that the vi-
brational properties undergo a gradual transition {rom guasi-two dimensional to three-dimensional
character.  Also. the breakdown of RL approximation has been found to occur under modest

COMPressions

The liquid Ag-Se system studied by ab-initio simulation
[*. Kirchholl, J. M. Holender and M. J. Gillan
Physics Dept.. Keele University, Keele, Staffordshire ST 5BG, UK.
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The ab-initio dvnamical simulation of liquids containing transition and post-transition metals
presents a major technical challenge, because of the need to include d-electrons explicitly and
because of the large basis sets required. We show how recent advances in computer power are
making such svatems accessible to simulation. We present ab-initio simulations of the Ag-Se system
at three concentrations performed on the massively paraliel Cray T30 machine. The simulations
are perfortmed on svstems of 69 atoms at the experimentally interesting temperature of 1300,
and have a duration of 3ps, which is enough to ensure statistically reliable results. Results ave
presented for the partial radial distribution functions and structure (actors, and we show that these
ave in excellent agreement with measured structural data,

Interstitial Carbon Defects in Silicon
P. Leary :, S, éberg ?, R. Joues ., V. Torres ®
! Department of Physics, University of Exeter. Exeter, EX4 4QI, UK
? Department of Mathematics, University of Luled, Lulea, S95187, Sweden
3 Departamento de Fisica. Universidade de Aveiro, 3800 Aveiro, Portugal

Tlie O and Oy — C; defects in St exhibit several unexplained properties, In the neutral charge
state, the C; delect possesses two alinost degenerate vibrational modes suggesting a trigonal defect
in disagreement with the 'y, symmetry deduced [rom several experiments. The B-form of the
second defect s believed (o cousist of a Siinterstitial, Si;, located near a BC site between two
(', atoms, in apparent conflict with the results of PL experiments which show that the C-related
vibrational modes are decoupled The structure and vibrational modes of both delects ave analysed
nstng LD cluster theory, The degeneracy of the modes of € is attributed to an almost Dy,
stracture, with a 3-fold axis along [011] . The modes ol ihe di-carbon interstitial lead to a resolution
of the long standing problem concerning the almost zero-shifts due to mixed isotopes in the 580
and 343 e ™! lecal modes observed in Pl studies.

Simulation of X-ray Scattering from CoH g
S, Lonie ' ). S, Reid ' D, Fincham ?
P School of Physics. University ol Aberdeen
? Department of Physics, University ol Keele

Adamantane { Cigllyg) s an interesting archetypal plastic cryvstal which has been extensively
stucied. Tt undergoes transition from a low temperature ordered phase to a bhigh temperature dis-
ordered phase at T=208.6K. The (5H s molecule has tetrahedral symmetry and the orientational
disorder in the plastic phase has been interpreted in terms of the distribution of the molecules
hetween two equally preferred orientations,

Our simulation model cousists of rigid molecules interacting with an (exp -6) atom-atom pair-
wise additive potential. We have looked in detail at the dynamics of the adamantane molecules in
the plastic phase and have found results in general agreement with previous work #M2,

The molecular trajectories generated by our simulation are being used to evaluate the intensity
of x-ray scattering from the crystal, Results are being compared with experimental data obtained
from energy-dispersive diffluse x-ray scattering measurements made on Station 7.6 at tlie Dares-
bury SRS. Using a series of simplilied models of the crystal we alm to investigate the relative
cantributions to the scattering intensity from translational and ovientational disorder.

[ AL Meyer and G Clecotti, Mol Phys, 56 No.6, 1235-1248 {1985}

[2] ML ATever, C Marhic and G. Ciccotti. Mol. Phys.58 Noab, 723-733 (1986)
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Studies of tRINAASP Dynamics and Interactions - Part II: Conserved Interactions in
Solvated Molecular Dynamics Simulations of the Thymine Arm
Shirley Louise-May, Pascal Auffinger and Eric Westhof
Institut de Biclogie Moléculaire et Cellulaire du CNRS, Modélisations et Simulations des Acides
Nucléiques, UPR 9002, 15 rue René Descartes, 67084 Strasbourg Cedex. France

The thymine arm fragment of transfer RNAs has been shown by chemical probing M and NAIR
() 1o Le stable in solution, adopting the same secondary [olding pattern as observed in the {ull
tRNA molecule, and is postutated to possess an “intrinsic” tertiavy structure. The thymine loop
contains several unigte tertiary structural motifs including a conserved reverse Hoogsteen ribo-
thymine-adenine base pair. two uracil bulge residues and a U-turn in the phosphate backboune at
the base of the loop. [u the full (IRNA molecule, sight additional potential hydrogen bonds. and two
aclditional stacking interactions are introduced by the intercalation of two guanine residues (rom
the D loop. The dyvuamical topology of the loop region of the thymine arm of tRNANSP B and the
extent to which the D loop interactions stabilize the tertiary conlformation of the loop topology. was
studied via solvated molecular dynamics simulations nsing the AMBER force fleld, SPC/E waters.
mobile ammonium counterions and atomic charges from low temperature X-ray data of isolated
nueleotides B . A total trajectory of 600 psec constituted of six mdividual 100 psec simulations
starting from the same initial configuration, but with different initial velocity distributions, was
generafod. Two ol the simulations Included the two guanine residne fragment of the 1) loop. The
extent of conservation of the hydrogen bonding interactions preserving these structural elements
is prosented along with global chavacteristics of the simulations including solvation and counterion
hehavior,

1 Romby, Po Moras, D Bergdoll, M., Dumas. P., V]assov, V. V., Westhof, E., Fbel. J. P,
Citegé, R Mol Biol, 184 4553-471 (1985)

(2] Reid. B. R MceCollum, L., Ribeiro. N. 5.0 Abbate. J., and Hurd, R, E. Biochem, 18
399G-1005 (1979)

3] Westhof, T.. Dumas, P, Noras, D, . Mol Biel 184 119-145 (1985)

L Peariman, DAL Kim. 5. Mol Bief, 211 171187 (1990)

Full-potential and pseudopotential calculations on high pressure phases in CuClL
Jo RO A aclean, T HL CLoHsuel, PGl YL Guo T AL L Beel S0 Cllark. © Gl Ackland P and
Jo Clrain
! Department of Physics and Astronowy, The University of Edinburgh, Maylield Road,
Edinburgh. Scotland, [EHO 307, United Kingdom,

? Davesbury Laboratory, VWarrington, Cheshire, WAl 4AD, United Kingdom
* Cavendish Laboratory, University ol Cambridge. Madingley Road. Cambridge, CB3 OFHIE
Uinited Kingdom

The ionic copper halide. CuClL displays an unusual structural phase transition sequence under
pressure. Using neutron diffraction experiments, two high pressure structures were observed. At
ainbient pressure, CuCl exists v the zincblende structure, while at elevated pressures it assuimnes
the NaCl-tvpe {rocksalt) structure via an intermediate simple cubic structure. This intermediate
phase is the binary analogue of the metastable body-centered structure (BCS) seen in the elemental
semiconductors Sioand Ge. This is the first time this phase has been experimentally observed in
a compound semiconductor, although it has been calculated to be a stable phase for the -V
semiconductors also.
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Details of ab-initio total enérgy calculations on these three phases of CuCl will be shown
Lhere, using both the full-potential linearised augmented plane wave method {FLAPW) and the
pseudopotential method. Band structures and charge densities will be shown for selected phases,
along with details of recont work on the other copper halides, Cul and Culir.

Computer Simulation of the Effect of Molecular Geometry upon the Formation of
Nematic and Smectic Phases.
ML P Neal ! and AL L Parker ! €. M. Care ®
b School of Mathematics and Computing, University of Derby
2 Matorials Research Institute, Shefield Hallam University

Recent vears have seen an upsucge of interest in lerroelectric and chiral smectic (7 phases
in Higuid crvstals. The first example of an achiral anti-ferroelectric phase has been synthesised
from which Goodby et al tF jnfer that chirality may not necessarily stabilise the formation of a
ferrielectric and antiferroelectric phase but that the structure may be stabilised by the blaxial
nature of the liquid cryvstal. Over the last few vears computer stmulatious have demonstrated
the success of simple potentials such as the Gay-Berne or hybrid versions 2 in the simulation of
smectic phases, However, the Gay-Berne potential is axially symmetric and real mesophases are not
uniaxial. The smectic C phase is a tilted analogue of the smectic A and the Wulf theory M associates
the driving force to tilt the molecules with the wolecules having a zigzag rigid central core whilst
the AleMilan model B depends upon the molecules having two large oppositely directed outhoard
clectric dipoles. Two derivations of a generalised form of the Gay-Berne potential to include the
clifeet of two arbitrarily sueuhvd uniaxial gaussians and to include the effect of non-equivalent
biaxial particles been proposed P, However an alternative route to model the molecular geometry
= to employ a malti-site ('\ia‘\-%[}(.‘l'n(-) model. I this work we present preluninary rvesults {rom
mofecutar dynamics simulations of three-site molecules where cach site is represented by a Gay-
Berne mesogen spaced so that the repulsive core regions overlap. Various three site models have
beon compared @ a cylindrically symmetric model. a zig-zag wodel with the central site twisted at
an angle to the two end sites and a teiangutar model with one site displaced longitudinally Torm the
other two. Results indicate a far more extensive nematie region for the triangular inodel compared
with the zig-zag model indicating the importance of the molecular geometry in determining phase
Cransitions. -

(1} Nishivama. | and Goodby, J W L1992, Mafer Chem. 2. 1015

[.2} Luckhurst, G R Stephens, RA and Phippen, R W, 1990, Lig. Cryst. 8151 De Luca, M D,
Neabo MO and Care, C M99, Lig Cryst. 16257 ‘

3] Walt, 1975, Phys. Rev, A11. 365
;l] MeXilan, W Lo 1973, Phys Rer, A8, 1921
5] Cleaver, D), Care. C M. Allen, M P and Neal M P, 1993, submitted to Phys Rev [

Ab-initio Predictions of Omega Phase Stability for Intermetallics of Transition
Metal Based Alloys.
D. Nguyen AManh and . G. Pettifor
Departient of Materials, University of Qxford, Parks Road, Oxford OX1 3PH, United Kingdon.

It is well known that the directional nature of the covalent bonding between different atomic
spectes Londs to cause intermetallics of transition metal aluminides to be brittle. One strategy
for overcoming the brittle behaviour has concentrated on the effect of ternary transition metal
adelitions to intermetallic phases like Ti-Al and Nb-Al in order to induce more ductile alloys with
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the B2 strocture. Unlortunately, it has been found recently that omega phase formation may
drastically embrittle the parent B2 phase [{]. It is thevelore it s very important to study the
stability conditions under which this deleterious phase is likely to occur.

A data base for the theoretical structural trends of 3d and «d transition metal aluminides has
recently been generated using the first-principles Full-Potential Linear Muffin-Tin Orbitals {(F'P-
LAMTO) method [2]. Based on this systematic study of the bonding of intermetallics. we have cavried
out ab-initio caleulations of the omega phase in transition metal based systems fike ANTL V. Zr.
Nby and Ti{V. Mo, Zr. Nb) and also in the related pure elements. Our calcnlations have greatly
increased the amount of inlormation we have on the microscopic mechanisms of structural B32-
Omega transformation, We find that there are three lmportant effects exhibited in this transition:
(t)the presence of "solt phonen™ mades, (1) influence of high pressure and (iii) the size lactor of the
transition metal elements. The caleulations have also demonstrated the intportance of the omega
phase as the most stable phase with 50:50 stoichilometry in NbAl, The predicted curves of the
omega phase heats of formation versus an elelmentary electron/atom ratio arve in good agreenent
with experimental data obtained {rom the measured diffuse omega peak shift versus efa. As a
result of these calculations, we are now able, for the first time, to make realistic calculations of
the phase diagrams of useflul lntermetallic ternary alloys based on Nb3AL and TiAl for structural
applications.

(1] G. Shao. A. P. Miodownik and P. Tsakiropoulos, Phil. Mag., A, vol. 71, 1389, (1995).

[2] D. Nguven Manh, A. M. Bratkovsky and D. G, Pettifor, Phil. Teans. R. Soc. Lond. A, vol.
3510529, (19953): D, Nguyen Manh and D. G. Pettifor, Phys, Rev. B, (1995)., to be published.

Potential for a Novel Muon Experiment - Simulation Results
AL LT Probert and AL J. Fisher
Department of Physics. University of Durham, South Rd., Duclhanm, DHL 30E.

Predicted results for a novel muon spectroscopy experiment are described. The results come
from static and dynamic ab inttio  density functional calculations ol ethanal 4+ muonium. using
the PAW technigue . The potential binding sites for the munoniun are evaluated. along with
the associated {(stretching) vibrational frequencies and the Elnstein cocfficients for the vibrational
transitions, These vibrational frequencies oceur in the near [R. and 30 are well separated lrom
other vibrational [requencies and also from any electronic transitions

This opens up the possibility of a new form of muon spectroscopy, I these vibrations were to be
optically excited. then the resulting change in the environment of the muon should be detectable
in the pSR signal,

(1] P. E. Bloeh] Phy. Rer. 150 ((994) [7953

The Interaction of the SO; Molecule with the Ti0; Surface
5. Pugh and M. J. Gillan
Phystes Deparument, Keele University, Staflordshive ST5 5BG, UL,

Ab initio calculations have been used to study the structure of the TiO, (110} surface in
which surface oxygen has been replaced with sulphur, and to obtain preliminary estimates for the
energy of reaction of the 02 and 802 molecules with the reduced surface. The work is motivated
by experimental work whicl shows that SOy reacts very readily with the reduced TiOy surface.
According to uitraviolet photoelectron spectroscopy (UPS) measurements, the reaction leads to the
tncorporation ol sulphur into the surlace crystal structure. The calculations are based on density
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functional theary and the pseucdopotential method, and have been performed with the CETEP
code on the Dareshury Intel parallel computer,

Model study of [Li], -centres in MgO nano-clusters
AL L. Shluger and L. Ackermann
The Roval fustitution of Great Britain, 21 Albemarle St.. London WIX ABS

A comumon model in the study of surface defect sites is that of an infinite surface hosting
the defect area. [n cases of practical relevance (catalysis), however, one rarely encounters these
extended low-index surfaces; rather the assumption of nano-clusters seems more appropriate. in
this present study we follow this idea by embedding a quantuwin-mechanically treated cluster {QM-
cluster} into a nano-cluster, which in turn is treated in the framework of interatomic potentials
and the shell model for ionie polarisation {for technical details see also the paper by A. L. Shluger
et. al,, this meeting)

In the application to a [Li],-centre in MgO, clusters of various sizes have been tested to study
the quality ol the suggested model. The formation of a pair of substitutional Li and an electron
hole localized on the adjacent oxvgen anion was studied both in the bulk and on the surface of
the nano-cluster. Cubic clusters (MgO)g,, (MgO) o and dimers ol (MgO),, were used o model
these sitvations. Geometric and electronic structure were determined as well as optical absorption
properiies. '

In the study of the cubic clusters, a clear tondency of the hole to localize on the corner is
established. Comparison with analog cases in a stepped dimer of two cubic clusters show, that the
presenice of the second cluster has little influence oun the vesults obtained [row the single cluster.
There are. however, new possible sites ansing from the presence ol the step, namely at the bottom
of the step. They are compared to the cases existing W the simple cubic model.

Chemical Modelling of Glassy Polymer and Composites with Flexible Bond Angles
N Steinfath
[wan-N.-Stranski-Institut Tuee physikahische Chenve, TU Berling Strasse des {7 Juni 112 10623
Berlin

Molecutar Mechanies Computer Simulation was apphed to modelling of polymer glasses, Le.
the produced model structures represent minimum encrgy configurations,  Atatic polypropylene
was used ax model polymer. Macroscopic density at <0 °C' was guaranteed by three dimensional
periodic boundary conditions. Unlike former works on this subject a model swhich includes not only
torsion angles as degrees of freedom but bond angles too. was develloped. Both macroscopical and
structural properties were examined. Structural properties like mean square of end-to-end distances
were obtained directly by the minimum energy configuration. Elastic constants, internal pressure
and thermal expansion coefficient were computed by deforming the originally simulated model
structure. The results were compared with those of other mode!l computations and experimental
data. The method described above was also applied to polymer-graphite-systems.  Results for
structural and thermodynamic properties of the interface were shown.

Defects on the 90° Partial Dislocation in Silicon
AL Valladares and AL Sutton _
Department of Materials, University of Oxford, Parks Road, Oxford OX1 3PH UK, _

~ simulations of the motion of defects of the 90° pactial dislocation in $i are carvied out using the
Tersofl Interatomic potential. Low energy paths corresponding to the motion of kinks, antiphase
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defects (APDs) and kink-APD complexes are found using a conjugate gradient elastic band method.
This method gives the coordinates of the atoms as well as the energy of the system along the
path and in this way we obtain the migration cnergy of these defects (energy at the saddle point
configuration}. The results obtained are a first step towards understanding the changes in the
electronic structure associated with dislocation motion and the dependence of the mechanical

properties of S ou its eleckronic structure.

Theoretical Studies of Implanted Muons in Organic Magnets
R. M. Valladares ' M. L. J. Probert > and A. J. Fisher ?
¢ Oxford Physics, Clarendon Laboratory, Parks Road, Oxford OX1 3PU UKL
* Departient of Physics, University of Durham, South Road. Ducham DHI 3LE UK.

Wholly organic ferromagnets are a new class of materials of greal potential interest. but the
early examples exhibit only very weak magnetic order at very low temperatuves U In these
circumstances. muon spin rotation xSR is among the most sensitive sources of information about
the magnetic structure and interactions on a molecular scale ¥, However, interpretation of the uSR
data is complicated because of the large number of binding sites made possible by the relatively
complicated molecular structure,

We have perlormed semi-empirical and b initio density functional calculations of the electronic
and molecular structure of muonitm incorporated into the organic ferromagnets para -nitrophenyl
a-nitronyl nitroxide ( p-NPNNY, 3-uinolyl nitronyi nitroxide {3-QNNN) and para -pyvidyl nitronyl
nitroxide { p-PYNN). We find evidence [or a wide variety of possible muon hinding sites including
sttes in the conjugated ving systems of the materials as well as in the nitrouyl nitroxide group. Our
calculations also suggest the formation of local triplet electronic states near the muon within the
spin-1/2 magnetic svstem. '

U AL Tamuracet al. Chem. Phys. Letl. 186 {1991) 401
2] F.L. Pratt et al.Synthetic Metals 61 (1993) 171
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Full structural relaxation using density-functional theory
AL C. Warren, 8. J. Clark and Gl J. Ackland
Departiment of Physics and Astronomy, The University of Edinburgh, Mayfield Road, Edinburgh,
ElY 3J7

The widely-used CASTEP and CETEP codes have been modified to allow [ull structural relaxation,
enabling the unit cell to be optimised as well as the ionic positions. The equihibrium structure of
complex triclinie crvstals can now be found antomaticallv. Further development will allow constant-
pressure molecttlar dvnamics simulations, offering the possibility of observing phase transitions.

Simutations are performed with a constant number of plane waves, to ensure that no charge
is lost, bt if the supercetl changes then so will the energy of the highest plane wave, eflectively
attering the energy cutofl. A Pelay correction to the stress and total energy has thus been used: the
practical implementation of this technique and the limitations to its use are discussed. We further
maodity the Parrinello-Rahman Lagrangian to work with the strain rather than the supercell vectors,
to preserve the synunetry of the supercell.

Examples of simulations with cell relaxation arve given, illustrating the applications and restric-
tions of the code, and explaining the choice of box mass and timestep. Further refiuements to the
code are suggested,

Dynamical instabilities in a-quartz and a-berlinite: A mechanism for amorphization
G Watson and 8. €, Parker
Department of Chemistry, University of BDath
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Flastic instabilities have been used to ekplain the occurrence of amorphization in both a-quartz
(Si05) and a-berlinite (AIPO4). However, there is a dynamical lustability at (1/3,1/3.0) in the
Brillouin zone preceding the elastic instability for both structures which implies that distortion
of a 3x3x1 supercell will form a more stable crystal structure, Simulations of distorted supercells
of size 3x3xt resulted in the collapse of the structures below the elastic mstabifity pressures for
both a-quartz and a-berlinite, A subtle difference between them was that the cigenvectors for
phosphorus were smaller than those of silicon or aluminium and on “amorphization” the POy units
i a-berlinite remained completely intact with only the aluminium changing coordination. This
resulled in amorphization around the POy units with no P-O-P links formed and a return to a
crystalline phase on the release of pressure for a-berlinite, which was not found in the simulations

of a-guarty.

Computer Simulation in the Physics of Contact Melting Phenomena
V.S, Znamenski !, P. F. Zilberman ¥, 1. V. Gelfand %, E, A. Goncharenko *
' Kabardino-Balkartan State University, Computer Science Department, P.O. Box-16, Nalchik-0-.
360004 Russin
Y Rabardino-Balkarian Agrarian Tustitute. 185 UL Tolstogo. Nalchik. 360004 Russia

Contact melting {CM) is a phenomenon at the interface of two heterogeneous bodies that
oceurs at a lower temperature than the melting point of each component. CM is the first-order
transition with its specific distinctive indications. mechanisms and kinetics. Detailed studies of the
contact wmelting phenomenon highlight the contact melting nature and allows wide application of
the phenomenon in various technologies. Computer simulation is a powerlul new technique that
enable us 1o investigate the contact melting {or the model system without cumbersome experiments.
[ allows ux o obtain a connection between macroscopic CM phenomena and its microscopte
cliaracteristics. and dynamical properties of the constituent components. such as: the ion radius,
the potentials of interactions in the system, the dynamic stvucture {actor. the diffusion factor and
other characteristics of the microstructure of the system.

[ this paper the scientific soltware [or the simulation of contact welting phenomena was de-
veloped. The seftware includes the direct Molecular Dynamic (MD) simulations and numerical
soliutions of the Nernst-Plank (NP} equation, In the MD experiments the data on jon coordinates
and other results can be displaved on a wonitor in the graphic form. The programs can be used
for calcutations of the mean square displacements, the diffusion coelficients, the radial distribution
functions, the normalized velocity autocorrelation functions, and the contact melling temperature,
The mechod was applied for the analysis of the KBr - NaBr, Nal- KI, Nal - NaCl and other typical
onic systems, The numerical solutious ol the NP equations allows us to caleulate the concentration
distributions of fons in the melt. Investigations were conducted for diflerent double nitrate, nitrite
ald alkali-halide systems.

From the Molecular Dyramics analysis the result was obtained that the forin of the first max-
nnum of the paetial radial distribution functions are non-symmetrical, it means that the eflects of
anharmonicity are dominant in this region. The mean square displacements of Na and Clions in
the NaCl-RbCT system grows faster than in the NaCl-KCl system and in the NaCl one component
system. The caleudated diffusion coefficients are sensitive to the CM temperature and can be used
for its valuations, The mobility of fons in M depends on the interface and arrangements ol ions in
the contacting crystal lattices, Local domains, cousisting of mobile ions, of the size of 2 nm can be
observed during a time of 10 ps. It reflects the appearance of the liquid phase in the interface. The
results of the numerical caleulations of the NM equations show a strong dependence of the inter-
diffusion coeflictent on the concentration. on the external felds and on the charge of the diffusing
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ions. The results obtained lead to the elaboration of the methods for the control of the contact
melting process and allows us to predict optimal conditions for the contact meiting in practice,
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Why the Car-Parrinello Method is too good to leave to the
Electronic Structure Theorists

or

Molecular Dynamics with an Infinite Number of Timesteps.

[, 3. Nicolaides

Department of Chemical Engineering
Uiniversity ol Bradfovd

Bradford BD7 L1DB, UK.

Introduction

Manipulating and thinning degrees of freedom are the jobs of the theorist. Computer simulation
iv hecoming an increasingiy useful tool for the latter: an extreme example will be the simulation,
as part of the Grand Challenge in Colloidal Hydrodynamics, of a billion fluid particles plus a
colloidal sphere, where one interesting output will be a single number - the effective Stokesian
drag coelficient acting on the spheve.

As the nnmber of degrees of [reedom increases, so does the natural timescale of the slowest,
collective modes of the svstem. These are invariably the modes of physical interest, so it makes
sense 1o devote most of the simulation effort to the study of thelr energetics (how they contribute to
the partition function, {or example). Unlortunately, present molecular dynanics methods mevely
devote most of the shnuiation effort to ensuring that these modes evolve mote slowly than shorter
wavelength modes. This isn't quite the same thing as the goal mentioned above.

[ this note | present a “novel” simulation method, which accomplishes the task of interest In
cotputational Statistical Mechanies: to generate configurations according to a specific Hamiltonian
i the most efficient possible manner. The method is in fact not completely new. as it uses ldeas
over 20 vears old: however, these have been undeservedly ignored, Ny hope ix that by rederiving
the method via a currently popular route. its use may become more widespread.

The outline of this note s as follows: first | present a heuristic overview of the Car-Pavrinelio
method, then consider variations on its main theme. [ then examine one of those variations in more
detail. and in doing so construct a novel algorithm for stmulating a polymer, which is closely related
toan old sugeestion of O H. Bennett. Pinally. 1 pose some questions raised by this approach. an
sketel out some directions for Future rescarch,

Electronic Structure Calculations in a nutshell

An excellent review, from the point of view of the molecular dynamicist, of the Car-Parrinelio (C1?)
nethod (or caleulating electronic ground state properties has been given by Remler and Madden
[1}. L this section [ give an extremely condensed version of their description.

Counsider a set of mass points (representing atowmic nucleii) labelled by coordinates R, and a
smooth complex function {representing the electronic ground state wavefunction), labelled by the
cocflicients C of an expansion of this function in some basis set (here the boldface is meant to
dormtv the complete set of coeflicients; for the electronic structure problem these may be labelled
as o where 7 denotes an occupled electronic orbital and A denotes an element of a standard basis
0l (.‘wl‘\. a gaussian} in terms of which each orbital is expanded).
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Using the R; and C. oune can construct a function which gives the energy of the system of
nucleil and electrons. This is a difficalt theoretical problem, and much use must be made of the
tocal density approximation, where Lhe electrouic density s assumed to De slowly varving, At the
cud of the day, one arrives atl an effective Hamiltonian which meludes spatial kinetic energy. Hartree,
exchange. correlation, and pseudopotential terims: minimising this Hamiltonian with respect to the
C. for fixed Ry, gives estimates ol the electronic ground state which are i good agreement with
experiment in many mportant cases {2].

The minimisation may be accomplished by Molecular Dynamics methods. By giving the C a
dynamics, te. including a teem § 37, ((:)2 in the FHamiltonian and solving Hamiltou’s equations
as we usually do in molecular dynamics, then periodically withdrawing kinetic energy by setting
the t: to zero), the system is “annealed”™ into a configuration where the energy is minimised. T'his
dyvnamics s fictitious, an evolution of the electronic state through computer time, and shouldn’t be
regarded as giving au accurate representation of the physical dynamies of electrons. The specific
parameterisation which describes the ground state wavefunction isn’t tmportant — just the fact
that it evolves with Lme,

The beeakthrough of CP was to run this fictitions dynamics in parvallel with the “real” New
togian classical dynamies of the nuclell, which they simply lmplemented as above by including a
tern 1 oM (Rt) ? and solving Hamilton’s equations. This led to a constantly evolving electronic
grovnd state wavefunction, which “followed™ the nucleit in such a way that the system always
remalned on the Born-Oppenheimer {adiabatic electronic state) surface £3).

This breakthrough isn’t shimply a clever energy minimisation method: it Is the realisation that
whal we regard as a real Newlonian dyvnamics, and a seemingly fictitious functional dynamics, can
“be put on an equal footing provided we have a good effective Hamiltonian lnking the dilferent

degrees of {recdom.

Variations on a Theme of Car and Parrinello

If we take this basic lesson of CP to hearl. then we may play variations on a theme by simply
examining different types of functions. providing we can construct an eflective Hamiltonian which
describes the degrees of freedom represented by that function {the Hartree-Fock tlamitonian, while
quite important. is to the theorist just another effective Hamiltonian}

For example, consider a function which maps the sphere onto an arbitrary closed surface In 3-
cdimensions. In this case there is an interesting Hamiltonian ~ the Helfrich Hamiltonian [4] - which
gives the energy of such a surface in terms ol an integral over tts curvatures. This Hamiltonian de-
scribeg a membrane, such as that surrounding an ecvthrocyte (red blood cell}, whose propertics are
dominated by the energy required to bend it. Terms may be added to this Hamiltonian to describe
effects due to surface tension and shear of the membrane, and osmotic pressure and compression
of the gel in the underlying ervthrocyte skeleton. Thus, a good effective Hamiltonian describing
the the energetics of erythrocyte shape is available {51, Using the CP moethod, a simulation of a
collection of sucl cells. which dynawically change their shape, is possible (here the analogue of the
nuclear coordinates R, are simply the centre ol-mass coordinates of the ervthrocytes).

This type of simulation should be contrasted with a traditional molecular dynamics simulation
of such a svstem, where all of the constituent molecules of each membrane and skeleton would be
included. and changes in cell shape would ounly arise through collective excitations of these many
degrees of freedom.

The CP method clearly promises a signilicant improvement in the size and complexity of the
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systems we can study by molecular dynamics, at the expense of additional theoretical effort in
deriving accurate effective Hamiltonians. However, as a vule, theorists are cheap and plentiful.

A Detailed Example

fn this section we fill in the details of the method outlined above for a particular system, in order
to demonstrate how the method may be made to work. lun doing so we will discover that the
methad isn't as different from “ordinary™ MD as might al first seem; however, there will remain
one absolutely crucial difference.

The system we consider starts with a function which maps the line segment [0. 1] onto o-
dimensional space; in other words, a model of a polymer. [n two dimensions, which lends itself to
simple computations and nice pictures, we have our polymer P = (x(s). y(s)) 10 < 5 < 1 where
¥ oand ¥ are “smooth” functions. As a result, these functions can be expressed as an expansion in
coclficients C as with the clectronic case: a reasonable cliotce would be Fourter coellicients:

r{s) = Z cheos(ks) | yls) = Z cleos{ks) (1)
% k

where the upper cutoff on the sums will become clear in a moment.

In te zoology of polvier models [6], our model would be classed as “coarse-grained.” but
we will need to include information on the atomic level In order to make sense of the cffective
Hamiltonian, To see¢ how this works, cousider a term in the effective Hamiltonian which describes
the self-tuteraction of our line segment, 0. which makes it energetically impossible {or the line
to cross iselll and energetically unfavorable for the line to lie along itsell. We could write such a
solfsinteraction term as

Hsp = ¢ ‘/{}1 ds /\)1 di f ((.1‘(.5') — () (yls) - y(:))'-’) (:

[
—

where {is a function which becomes large for small values of its argument. and represents a unit
repulsion per unit length of the line segment. The integral in (2} of course diverges. and so we
must regulate Lis and similar integrals, say. by diseretising them, This we simply recoguise as the
vequirement that the short distance properties of our theory must deal with the underlying physical
chemistyy of the polvmer. Thus. we are quickly led back to a “bead-and-spring” model, where the
ternts in the effective Hamiltonian such as fg; are given in terms of sums over “beads.” fabelled
by coordinates r; = (v, )0 = LA | and the “springs”™ arise from the simplest expression lor a
term representing a polvmer fine tension. In fact, we could include as much physical chemistry as
we wanted. in a sequence of successive improvements to our effective Hamiltonian. Extension to
three dimensions is also straightforward.

5o it seems that we are right back where we would have beey had we decided to do “ordinary”
MDD on a model polymer, Have we gained anything by using the CP-based approach?

What we have galued is in fact tremendous, and constitutes nothing less that the complete
elimination from our simulation of a large fraction of Lhe degrees of [reedom of our model polymer.
The way this works is as (ollows: whilst describing the terms in the effective Hamiltonian of our
polyvimer by heads and springs, we vetain the CP expression for the kinetic energy:

iy = 552 () () (3)

Chis s again a fictitious dynamics, which should be regarded as providing us with polvmer
cofignrations which evolve in computer time, which may or may not be phyvsically realistic. The
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most important thing about expression (3} is that it expresses the kinetic energy in terms of the
maodes of the polymer te. the Fourier coefficients) rather than the tndividual particles. In fact.
expression (1) simply says that we give an equal effective timestep to each mode. [t may thus seem
that we are devoting no more computational effort to the long wavelength modes than to the short
wavelength ones, but we must look more carefully.

Since each mode is given an equal timestep, we must set the value of the timestep by the criterion
that the most unstable mode {typically the mode with shortest wavelength} isn’t driven too hard.
Then, as the relaration times for the different modes depend strongly on their wavelength {they
tvpically go like a power of (1/4%) | the long wavelength modes will evolve very slowly ou computer
time scales, Thus, move computational effort is required to evolve a mode of long wavelength than
one of short wavelength, Since the long wavelength modes are usually (but not always) the modes
of physical interest. we have an inherently inefficient simulation mechanism.

The solution to this problem is made plain, however, stimply by locking at (3). What we need
is to give the modes an effective timestep in proportion to their relaxation times:

L2 VN2
_ )+ (v
Hyg =53 %Q— (3]

k

where here as an example, the denominator is Lhe spectrum of relaxation times for a harmonic
svalon,

This will vot give the modes cqual timesteps, but it will give them an equal evolution in
computer time, so the physical averages we are interested in will be generated with maximum
efficiency.  Roughly speaking. we can say the since the long wavelenglh modes wil make the
Jargest coutribution Lo most quantities of interest, it is as if the short wavelength modes have been
“intearated oul” of the stmulation. This rough way of speaking can be made more exact for the
harmonic svstem. as we discuss iater,

Expressed in terms of the velocities of the beads, (3% is nounlocal:

1 . .
Hip =5 > K My r; (-1
2 &

where here the boldface M is meant to denote that as well as coupling different beads. this term
can also couple the spacial indices (.o, £ and ¥). Bxpression (1) was first written down in 1975 by
Charles Bennett [7]. whowm most ol us know through other work {on calculating (ree energies). The
name he gave the dynamics it generates was Mass Teusor Dynatics; the technique was revived in
1083 by K. Gl Wilson (8] in the context ol lattice gauge theory caleulations, where it was renamed
Fourier Acceleration.

Bennett performed Mass Tensor MD for a mode! polyer, by choosing a mass tensor M;; which
was Lhe average over a region of phase space of the susceptibility matrix, Le,

M & 07V (r) (5)

where V(1) denotes the potential encrgy of the given Hamiltonian. Bennett found that this dynam-
ics generated configurations effectively so long as the system remained near the region in phase
space where the averages in (3) were calculated. In the limit that the system is harmonic, we
can show analvtically {for example vsing [Hamitton Jacobi theory) that Mass Teusor Dynamics is
optimal: basically, it eliminates N-1 modes and replaces them with copies of the remaining mode.
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Alternatively, we can think of the method as providing a range of timesteps (one for each mode)
given by the cigenvalues of M. There are as many timesteps as degrees ol freedom {hence my
cholce ol subtitle). Bennett further suggested that a Mass Tensor which was an explicit function
of the coordinates might fare better in systems which were anharmouic,

Such a Mass Tensor is indecd possible, by making a series of ortliogonal transformations of a
coordinate-independent Mass Tensor:

M(r) = Ai(r)Ax(r)Ag(r) ... D. AT (AT (AT (x) | (5)

where the A; are orthogonal matrices, and we have lor the moment suppressed the spatial indices.
The orthogonal transformations ensure that the canonical phase space density of the systen is the
same as a system with normal dynamies and, if chosen correctly. can keep the Mass Tensor “up to
date” as the system evolves through phase space, ensuring that the simulation continually expends
minimal effort on merely generating collective modes, and so more effort on actually studying thent.

[n our simple 2D polymer model, where we have terms in the Hamittouian desceibing the
springs between heads. a bending energy, and a van der Waals repulsion between the beads, we
can find explicit expressions for the A; and D, [n this case, where there are harmonic terms in
the Hamiitonian. one begins one’s theory {rom this harmonic fimit. Then D is a lattice laplacian,
V';’J-. with different coelficients for the directions along the polymer {spring energies) and across the
polviner (hending energies), and the A; are local rolations of the polymer into a coordinate svstem
where D s tri-diagonal.  Thus, this dynamics, which | call “accelerated molecular dynamics™
AMD}. can effectivety evolve the long wavelength modes (including the reptation mode) of a
polvmer irrespective of its particular conformation. OF cotrse, we have ouly dealt with the ellects
of entanglement on the dynamics in the simplest possible way; however, the approach is only limited
by the quality of the theory used to determine M. This places some of the burden of theory hack
an to tie computational scientist, where it belongs.

In actual practice, there is a significant additional computational task in an accelerated molec-
afar dynamics simulation over and above the force caleulation (which is exactly the same as In
~ordinary”™ AIDY. This is the solution of the equation

P = Z M!_J 3:_-,5 (T)
i

or “p = Mv", which is now a matiix equation. which nmust be solved every timestep. [n geueral,
the watrix M shouldn’t need to be dense in order to accelerate; in the polymer model it is sparse
(in fact. block banded). and the time (or the solution of this equation goes like N, the system size.
This Gradeoll in computation will in general be advantageous whenever the increase ln cost due
to solving {7} is less than the eritical slowing down (i.e. the ratio of the largest to the smallest
velaxation time) experienced with ordinary MB. Typically, collective relaxation times vary as a
high power of N {N# for a purely harmonic model). So, the increase in efficiency given by the
AND algorithm can be very large. Conversely, there are fess models without collective dynamics,
whether they are harmonic or not - the method should thus provide an increase in efficiency for
most nodels to whicl it is applied.

Finally, we nole that the gueasiness felt by some in modilving the dynamics of a perfectly
innocent system such as this may be completely calmed by using accelerated molecular dynamics
merely to generate configurations for input into a conventional Monte Carlo scheme  This is in
fact the method of hybiid Monte Carlo, and it guarantecs that the system configurations will
be corvectly Boltzmann distributed (accordiug to the potential energy terms in the Hamiltonian)
independent of the dynamics. More importantly it generates these configurations efficiently, in
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that it uses MD to ouly search out system dynamics along the *flat”™ directions {those along which
the system energy varies the Jeast). 16 also allows for the use of incredibly large (0.15 - 0.2) values
of the timestep, as numerical integration inaccuracies are identically rvendered inconsequential by
the hyvbrid Monte Carlo method,

Alternatively. the dynawics is suitable for a quantum MD simulation.

Discussion

The polviuer simulation discussed above is currently being implemented for a polvmer melt. AMD
is slightly more complex to lmplement than a standard MD, for reasons discussed above. As
a result, data are curcently lageing behind those [ would have obtained via an “ordinary™ M)
implementation; however, T expect that the long timescales which plague sueh a conventional
approach will soon allow me to “catch up®. My purpose in writing this note is to trumpet the
generality of the CP/Mass Tensor approach, which I believe will work for many more systems than
the one I'mimplementing,

In addition, there are several intriguing questions raised by the method. which point the way to
its further use lor nonharmonic systems, as well as giving us an understanding of what simutation
docs.

The first guestion is “Is accelerated molecular dynamics really possible?” lu other words. is
there a particle svstem in the laboratory with dynamics generated by nonlocal kinetic energy forms?
The terru in the energy which would be needed is one which couples the velocities of neighbouring
particles. Such terms are thought to arise from effective two-body hvdrodynamic forces, but the
exact form ol these interactions will Tave to await the results of the Grand Challenge mentioned
previonsly,

A second question is “Can we recover MD {from AMIX? 15 there an analytical prescription for
estimating dyvnamical quantities measured by the two methods? I suspect that a positive answer
to this question may be needed before AMID gaing general acceptance, even though many present
MDY caleulations are only concerned with static properties,

A more practical question nught be “How do we know that we have an optimal choice of M?"
[Tere the CP approach may be of assistance. if we have an understanding ol the expected modes of
the avstem. If, for example, we want to simulate a dense welt, we may be more interested i a refa-
tive acceleration of the motions of the free ends of the polviners, in which case a reparameterisation
of our function in terms of Jacobi or Chebyshev polyuomials would be appropriate.

The more interesting gquestions are also more abstract in a mathematical senze. Ultimately. we

know we ave doing the best we can when locally tn phase space,

2V (x)

0 aror,

For a harmonic system both sides are independent of ¢, so the above relation can be easily
satisfied. A more general criterion for when we can achieve this exists in the mathematical litera-
ture, and has generated recent interest amongst mathematicians and mathematical physicists, ag it
seems that large reductions in the number of degrees of freedom are possible even in non-harmonic
theories [9]. The mathematical methods have been recast in the guise of statistical field theory
calculations involving supersymmetry, in which ouve sees the cancellation of bosonic and fermionic
cdegrees of freedom, even in models with complicated interactions. This usually results in a simpler
theory than one with only bosons or only fermions. What we are doing with accelerated molecular
dynamics i1s in a way similar, in that we are making the theory more complicated by coupling
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the momenta of différent particles withi each other and with the coordinates. Thus, Uhe momeunta.
which are normally trivially integrated out of the partition function. now make a nontrivial con-
tribution (proportional to the determinant of M). This is entirely at odds with the usual method
of increasing the sophistication of a theory, which usually concentrates on making the potential
energy more complicated. The lope is that our seemingly more complicated model may in fact
be sinple (or, more realistically, have a simple modal imbedded in it}, and so be more efficiently
simulated once its simplicity is recognised. One of the hallmarks of supersymmetry is that the free
energy s identically equal to zero; il the above velation for M cau be satisfied then 1t is easy to
show that the free energy of our more complicated system of coupled coordinates and momenta
is indeed zero. Much more analvtical work needs to be done to transform this handwaving into a
prescription for actually choosing an optimal M for a given system: the links proposed in [9] arve
still tenuous. However, the potential beuefits to simulation in general are enormous.

This brings us to our final point: that discussions of algorithm efficiency become increasingly
important when computational resources are limited, as they are in this country now. The UK is
so far down the teague table of supercomputing that any simulation which wastes resources at the
Ciigaftop level seriously damages not only its own, but also neighbouring areas of computational
science. Yet aren’t many current simulations, which mindlessly ncrease the complexity of aton-
atom poteutials without putting in the simplest understanding of collective dynamics, guilty of a

waste on precisely this scale?
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The Random Walk and the Mean Squared Displacement

W. Smith and M. J. Gillan

Introduction

The origin of this article lies in a research project of ours, in which it became important to quantify
the ervors in the caleulation of the mean squared displacement (MSD) - putting the ervor bars on a
M5 plot. This set us thinking about the simple tandom walk, which offered a theoretical model
lor the calculatious. The exercise proved to be interesting and enlightening. and despite the almost
certain probability that this has been published elsewhere, we present our fiudings Lo readers of
the CCPS newsletter, who perhaps have not thought about these watters before.

We beghn with the caleulation of the MSD from a single time origin, and proceed to the case
of multiple time origins. In both cases we derive formulae for the MSD aund the associated errors.
o the final section we put the theory to the test with a computer shimulation.

Sigle time origin

Consider a 1 D random walk. A particle starts at location 0 (the origin). from where it makes
a random “hop® of distance d in the positive or negative direction, to a location =+d. It can
subsequently make any number of similar hops in succession and by so doing move quite some
distance from the origin. It is important Lo note that the <irection of a given hop is completely
independent ol any preceding hop, which is to say that the hops are completely wircorrelated.
Effectively, this manner of motion. confines the particle to sites on a regular 1 1) grid with spacing
el

We next ask the question: where will the particle be alter » hops? This will be eiven by the
! b H 8 A

formula
re= Y0k (3)

i=1

which simply sums the contributions to the overall particle trajectory made by each hop h;. swhere
) (9)

50 in order to determine the position x, we need to know the history of the particle hops. We call
such a history the fajectory. for obvious reasons, Normally a single trajectory is of little interest,
as it is only one of a potentially astronomical mumber of possible trajectories Uhat can result from
a randon walk of » hops. This being so, it is obvious that we need a statistical approach if we are
ta derive anything useful from such a model.

([ we regard a single trajectory of n hops as one statistical “trial’, we can eastly consider the
outcome of an hnrfinite number of such trials!. We can represent this in the following way

"
Ty = Zhi \ (lUJ
=1

Actually, thits i a convenient fiction. While it s possible to tmagine an infinite number of tials, there can only
bee 27 possible independent trajectorics. However. once n becomes sufficiently large. the conclusions drawn from the
arguinents above remain valid. We therefore assume that i a large number throughout.
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where the angular brackets < ... > indicate an average over an infinite number of triais, The result
of this elegance s disappointing: the average < a, > 18 zero, as can be seen from the following.

<, > = Zh;
i=1
=y ()

i=1
= Zo
=l
= 0, {11

On reflection, this result is obvious: the LW step in any trajectory can be +d or ~d with equal
probability, so an average of an nfinite number of th hops must be zero. However the result is
wsefud by that in shows how we can separate out contributions to the average, something we ave
allowed Lo do because each hop is lndependent of all others.

A more useful average is < 22 >. which of course is the mean squared displacement. We can
calculate this as {ollows,

<als o= < th
!.-—1

= <ZZ;"2 i

i=1 j=1
= < + iih;hj

i=1 e
-3 > (12 >4-ZZ(I? B

= i=t =1

= nd* (12)

In obtaining this result we note that the loss ol the cross terms (i # J) occuring after the fourth
step above, results from the fact that the average < f:h; > must be zero - since the product hh;
ix =d?. with equal probability for both signs, and once again an average of such ternns must be
7070,

The vesult (12} is of inmediate interest to molecutar shnulators on at least two accounts, Flrstly
i il is imagined that each hop occurs after a regular time interval Af, then it is apparent that »
is direct]ly proportional to the elapsed time ¢, which in turn means that the MSID is lineer in tine.
Sccondlyv in circumstances where the diffusional motion of atoms really is due to hops from one site
to ancther. the model immediately reveals the average relationship between the hopping distance
anct the time nlerval between hops.

This simple model can be taken lurther. For example, a cuestion often asked in molecular
simudation is: how accurate is the MSD calculated in a simulation? The model offers insight into
this issue also.

Since woe know the MSD. as given by equation (12}, we can proceed to determine the uncertainty
in the resuit by calculating the variance for each point on the MSD, which we denote by ¢2. This
given by the standard statistical formula:

ol = <(:¢:i - <1f>)2> , (13)
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which can be wanipulated as follows

o= () -2 () ()

wliere

CHE <§_j >3 ih.,-hjnm>

i={ j=1 k=l izl

and {of course)

<:1'i>2 = (nd*}*
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(16)

Computing the term on the right of (15) is greatly simplified by recognising that since i, 2;. fig,
and fiyoare uncorrelated wheu 4 £ 7 # &k # £, the only terms thal survive the averaging process

are those witls

(a) i=4=h=(

(b) (i == ) # (k =-0):
() (i) # (= O
(d) (=) 5 {j = &)

where we note that the indices are equivalenced i peirs to guarantee a positive product for
hileilgdy o We also note that the conditions (1), (¢) and (d) are equivalent.

Thus from (o) we obtain the results

<Z hﬁf) =
=1
and from (b}, (¢) and () we obtain:

<Z}:&;~’n"f> = (nd%)?,

i=! j=1

from which it follows that

<;zr;'1> = (3n% + n)d'.
or il n s extremely targe. we may approximate this by
<.::‘,I,L> = 3atd.
Finally, combining this result with {16} aives

] ! :
op = 2ntdd,

(21)

Ve may thus quate the ervor in the MSD of the random walk as Loy, with

)
o, = Vand?.

(22)

This is an iutervesting result, Tt shows that the ervor in the MSD is directly proportional to the
MSE itsell {at least for a random walk). It is also quite large! However. this oulcome is casily
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improved upon by calculating the MSID of many particles simultaneously. Then if the particles are

independent, it s easy to show that the MSD remains the same, bul the error is reduced to

Z = \/:\Tna’z, {23}

where N s the number of particles, Even so 100 particles are necessary to improve the accuracy
by an order of magnitude.
tn 3 D, the corresponding results are easily shown to be

<;.§> = 3nd?,

\/(;n.dz,

Ty =

_ HG_ > .

o= —nd”. 24
= (21

While these results are interesting in themselves, they do not [ully reflect how NMSDs are cal-
cwated in shimulations, The most obvious difference from practice, is that the results are obtained
from a singfe fime origin and consequently each point on a trajectory contributes only once to
the overall averaging process. In practice it is usual Lo use many points on a trajectory, each as a
time origin in its own right. The MSD is then calculated as an average over origins. as well as an
average over trajectories, What are the statistical consequences of this?

Multiple time origins

For a single particle making & hops in [ D, (where &f i assumed to be a very large number.) we
may take a poiat s on the trajectory as an origin and calculate the displacement of the particte
rom this origin after a further n hops using the formula

Tes = Z fig. {25)

which is seen to be a generalisation of equation (%), [t is hwportant to note that x,., does not
represent atr absolute focation of the particle on the grid, but its displacement from the point
inbelled = The squared displacement is given by

2o=15T b (26)

The average of w2 over N, origing taken from tlie same Leajectory is given by the equation

113

2

Tl"‘ S bl (27)

{Note that we have not assumed that every point on the trajectory has to be used as an origin.)
We now recall that this is the result of averaging over just one trajectory. The average {ov an
infinite number of trajectories is

1 No /npa=—1 2

<Li> = T N Z hg

a=l M\ i=s
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1 .-'}-",, nts—1 2
= TL > hi
3= f=s
[ 2
= T nd*
o 3=1
= nd®, {28)

which is precisely the result obtained previously. [t is perhaps gratifving to discover that the
process of averaging over origins dees not alter the expected result, but is it more accurate? To
lind out we must again calculate the vartance, which is given by t-hc same [ormula as before:

where 9
<-.i'";";> = p4d, (30}

and

No ribs—1 ngs-| n-r-f—-[ Tispd

Z - Z h-;‘h—_;‘ h.;‘.h.f . = (3 1}

L=t fozf

Ouce again we can reduce this expression if we recognise that by, Ay, by, and by ave uncorrelated
when 7 # J # b # £ and the only terms that survive the averaging process are those with:

(by (i=j)# (k=0
(c) (i=8)#(j=1(n
) (=0 % (=h)

where we note that (o) and (d) give rise to equivalent terins. but {a) and (b) ave distinct,
Appiving the condition (a) we obtain

Y N, N, min{nds—l.nti—1)
<(ti)> e ):Z > R (32)
) [z} U s=1 f=t i=maar{s.t)

i which the peculiar himits of the third summation specify the points shared by the Lwo sub-
trajectories originating at s and  vespectively, This can be made move explicit il we separate
terms for which & = ¢ from those for which = #£ ¢, giving

5 3 Non r-_::i 2 No—=1 Wy nba—l .

() =m(E T )5 (T 5T w). &
W NN I o N s=l otns it

The lirst terws on the right deals with points on Lhe swme sub-trajectory only, while the second term

deals with points shared between different sub-trajectories. [t is now that we must recognise an

important fact: if we are to calculate the true statistical error, we cannot admit into the calculation
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data that are correlaied, which means we must tse only those sub-trajectories that have no points

in commoil.

(PPut another way, the average over origins must be an average over statistically

independent quantities, as is the average over trajectories.} It is obvious that the second term
is comprised entirely of such points and should be ignored. Thus the result of this part of the

calculation is

Proceeding with condition [b) we obtlain

fu this case there is no difficulty with
Condition (c) gives

(2

t

il

= _.'\;' 2
o
= %

£=]

No nds~—1

>

sml dms

1

.:I\ I"‘.;z

szt =3

( Nond? ) :

I
n2dt.

shared potuts. the sub-trajectories are independent.

N, min(inds— Lt min{nds-Lnti—1}
Ay
0. 2 >
=1 t=naa{sd) Jzmar(sd)
N mita{rebs—=1arr-1) -
3
2. >
=] i=max{s.t)
rtda—1 2 3 No—1 Ny fnebs—1
J;'.’ = - J;'E
D) ) El 2 L M
=5 o s=1 (>3 i=!

(35)

{36)

Once again we recognise that the second term right of the above equation is concerned with

correlated origins, and so is discarded. Thus procesding we obtain

I,

<(mﬁ

i

N, /nds—1

. _
r U ST n

¢ \sml \ j=s
'{L;: (.-"\-"O (ndz)?)

2
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And fnally, for condition {d) we have

a2 it "
<(:II:;) >I{d} - -"\;‘o ! (3&,)

which follows from its equivalence to (c}.
Combining the results (34), (35}, {37) and (38) into (31} and substituting with (30) into (29)
gives the final result for &2

. 2Pt .
T = e, 39
O, N (:39)

From this we obtain the error as

(40)

So the crror in the MSD calculated using a sum over stetistically independent origing is just what
might have been expected: the error for a single thine origin, divided by iV, The ervor tn an v
particte average is Lhen

in 3 D. the corresponding results are
<ri> = 3nd?,
i /6 9
g, = e
€, = (42)

As before, it i3 noticeable that the evvor Is directly proportional to the MSD, which provides the
following uselul mnemoenic formula

€ - ”;\ <jz> (-43)

as a generval formula for estimating the ervor in the MSD.

In the {ollowing section we test these formulae against a shmulated random walk, but beforchand
we need to make some additional comments.

Firstly. for a full trajectory comprised of M data points. then the maximum number of statis-
tically tndependent origins lor sub-trajectories of length # is

Ny = fnd(M/n). {14}

Thus the value of N, appeating in the formulae for the error will differ according to where we ave
on the MSD curve. This will cause the error to grow more rapidly with increasing # than equations
{-13) and (42) at first suggest.

Secondly, while the formula {43) may be used to estimate the error in the general case, its
use hinges on the asswmption that the underlying diffusional motion is a random walk (l.e. the
motions of the atoms are independent and uncorrelated). One cannot therefore quote the results
of this formula as the error if the MSD is non-linear. The best that can be said il the curvature
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of the MSD is outside the bounds defined by these ervors is that the MSD is inconsistent with the
random walk model, This may be a significant observation in some circumstances,

Thirdly, we have been careful in our calculation of the MSD and the associated errors to use
uncorvelated ovigins, meaning that for sub-trajectories of length n, the origing are taken n points
apart. AWhat would be the consequences of ignoring this requirement and simply using every
possible data point on the full trajectory of 44 points to calculate these? It turns out that the
ALSD is the saune (as one might have expected). The error calculated in this way however. is quite
different, The derivation s tedious, but it lollows the lines outlined above, and we simply quote

the(3 1) results.
<;,‘i> = 3nd®,

rm

(45)

(Where we have nsed the asterisk to distinguish this formula from {42).) In this case as many as
M = n points on the trajectory can be used as origins for a sub-trajectory of length n. Thus the
relationship between the number ol origins {N,), M and n s

No= M - (46).

We should also note thal in the derivation of {-15) we have made the assumption that N, = n. The
equahity \’ = n shows that n = 3/2 is the longest sub-trajectory for which the analysis holds.
This is nol an unreasouable condition to lmpose, and it greatly simplifies the final formula.

The formula {(43) is very different from (43). but what difference it makes in practice is best

shown by an example in the next section,

Example simulation

A= an example we have performed a random walk simulation using a systemn of 100 "atoms” with
cubic periodic boundaries, The atoms had no mutual juteraction and the trajectory of cach is
therefore completely independent. Fach atom was iniiially placed in a random position v a b dxl
cubic cell from which it underwent 16100 random hops i 3 1. Bach hop was 0.1 units in the x.
voand z directions simultancousiv. The randow number ganerator used for this purpose was that
of Marsaglia et af [1].

The resufting MSID is presented Figure 1, with ervor bars caleufated using formula (43) as an
example. |t is easv to see that the plot ts linecar and precisely the magnitude predicted by the
lorouta {12]).

In Figure 2 we present the estimated errors caleulated by a number of different methods:

(a)
()
(e} the error calenlated using formula (42):
(@)

the variance obtained {rom direct calculation {seo below);

the error caleulated using formula (45):
the error caleulated using the *blocking method® {21.
[ order to calculate the errors according to {a) and (d) the atom-averaged contributions to

each point on the MSD arising lrom every possible time origin were stored - thus for example for
the j-th point on the MSD. 16400 ~ j contributions were stored. The straightforward variance
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of all these contributions constituted the error (a). In the case (d) the blocking method [2] was
used to calculate the error. This method attempts to eliminate correlation from the data and at
worst determines the fower bound of the error. In Figure 2 we have plotted the maximum error
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determined by this method along with the assoclated uncertainties plotted as error bars. (Using
the maximum error is by no means the only option, but it has the merit of simplicity. An analytical

fit of th error as a function of the *blocking factor” would undoubtedly yvield a better estimate.)
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The results in Figure 2 show clearly that method {a) offers a very poor estimate of the ervor,
as might be expecled given 1ts complete disregard of correlation. Methods {b) and (c) give very
stmilar rvesults, which at first glance is surprising, but a closer inspection of formula (15} reveals

v . - . . . .
why. I{ is Is assumed that the number N, dominates the lormula, we can write the approximation:

(+47)

which closely resembles the formula (42), if the definition (44) is taken into account. By this
reckoning. the formulae {42) and (45) should differ only by a factor of /372, as is borne out by
Figure 2. We note thal the error according to {42) is larger because it has no correlation in the
Origins.

Bastly, the ervor calculated by the blocking method is seen to be a similar order of magnitude
as the theovetical estimates. One hoped for a closer agreement than this, but it must be noted that
the estimate of the error is itself subject to considerable uncertainty [2]. These errors grow rapidly
with the "hlocking tndex” as the error bars in Figure 2, for some representative points, reveal.
Nevertheless the results here show that the error obtained in this way agrees with the theovetical
estimate to wititin the calculated uncerlainties. Thus it follows that the blocking method can be
used Lo oblain the error in a general case (1.e. not just for random walks.)

Conclusions

We have shown that estimates of the error in the MSD are easily obtained fram the random walk
madel. Simple formule have been provided. The kev requirement in calculating the ervor is to
climinate, as {ar as possible. any correlation from the data. The blocking method is recommended
as a model-independent method.
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Some further notes on linear bond angles

M. Leshie

CCLRC Daresbury Laboratory
Daresbury

Warrington WA4 4AD

Introduction

This note is a follow up to the article by Florian Miller-Plathe from the previous issue. [1]
ft describes an alternative procedure for dealing with the problem of linear bouds in wolecular
mechanics and dynamics programs. and alse gives detall of the mathematics which is not jucluded
in the otiginal literature veference. {2] Most of this article will be concerned with the case where the
equilibrium angle oy is not equal to 7. The analysis is also extended to cousider second dertvatives
of the energy {unclion with respect to particle positions. This energy function has been included
in the CCP5 static lattice simulation programs for a number of vears. '

For simplicity the valence bond angle deformation energy is assumed to be a function of the
bond angle o only: i.e. cross terms with the bond lengths are omitted,

Starting from this energy expression

L= f(9) (4]
the first and second derivatives with respect to particle coordinates are found using the chain rule

aF dE Jcose

- 4

Ori.  dease dri, (49)

JTE _ L deosodeoso dIi Peose (50)
Drindriz  dicose)’ i Orja  deose dri,drjg ?

where ¢, j & label the three particles in the bond and a, 3.5 the Cartesian axes, 1% the label of
the particle about which there is a bond angle ¢.

First and second derivatives of cos¢ are easily found by the chain rule using bond length
derivatives,  Also, this part of the calculation does not depend on the [unctional lform of f{&).

Thus:

Jeoso Jeosot ori;  deose Ly,
fjf‘a'g- o7 ()fi, 2 ({}“‘i-_‘r K ()?i( 20?'541
{tcos o deosd o
= 2 )—2 Fija 2 '“"')T Fiko ("J )
ars, dre,

Iy . [T i 0,2 ; - . T i ! S
P cos o 1ok 9 Larf . 0 | . dcosd | 1O ,)() cosg J
ET Sa fra g el e San . TETEE g e
O dr s 20r55 drf; 200 ()r'jk (?rf}- 20 c‘)rfj drin

1 (I}a";")j' N & 1 0?}2;‘ § d ; Jreos ol I} f)?i
5(':):}.,.3"('):'5- 50:'_?-J.-3‘f5‘;';fk ¥, 20,
Peosdl Orf L drE  Preose LOPE LI deosd
‘ F((")r'fj)z 201, EE)"J’J? A 33';-2J-8r':fk 281, 2 Oris B (’JP?J o
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_L_() (anlarg\ldf ' ('5‘2(,09(31{?3'* t)?
0; 3200 205 ();‘3 or? T2 2 D ‘o 28r., i
()z cos é . D% cosé 2()(0% & ;
= e e Ta o Nijelikd T ey Oad
(})2 ot (}F_()g ijal; ()’;J Ry
ik : JE CO8 & -
g Cika Uik {52)
Where
Py = rp—ry (—H)

The other first and second derivatives follow similarly. Derivatives of cos @ with respect to boud
lengths are found using the cosine vule; the derivation is straightforward and is lelt to the reader.
The results are given below.

R deos 1 cos & ) deosd ! COs & 5 Jeoso l (5:4)
N R fTER T L T T2 T e
& i Piilik T ary, Ptk ik ()r\”; Pijtin

P coso | 3 ) deoso & cos @ 1 3 () CO% & (55)

. = —_ — |- — N DD e e — e ')

T2 3 I e 12 e oy |2 :

(E:);.t_gj_) P T ars; (@r%) PO T (}!
& cos o #% cos & t d? cos ¢ 1 .
7 =0 + NPT R A 0 1 G T (36)
({.);_;;*) i drs, I Jrior Pl
N
9% cos o COs 6 L deosd | deoso -
Yarty 2T T ““.T-)_-)_.-z“‘.‘_g i (A7)
S5O L S S L TR
Difficulties arise with the cosine derivatives ol the energy [rom equations {48) and {-19). ,ﬂm
5
and —TL . These wmay be calculated as follows:
d{ros o)’

dI d; do df (5%)

= - = 5T,

deose  do deoso Tde sin o
2 g " .
d* L 1 E  dlicoso (5
e S 59)
d (cos ¢) sinZe | do?  desino

Problems will arise with the appearance of —— and ;—.Ei""? in the denominators of the above ex-

pressions, and theiy behaviour as @ — =. (_.on\-entionall;-‘ the explicit form ol the lunction [ will
be

E = k(6 — o) (60

l\11 —

where & i the lorce constant and @y is an assumed equilibrium angle. The overall derivative of
Eowith rvespect to particle coordisates in this case may be either singular or indeterminate. A
Cartesian axis system may be deflined with respect to the directions of the bonds with = along if, ¥
in the plane of the three atoms and = normal to the plane. In this reference frame it is possible to
show that the first derivatives with respect to particle positions all tend to finite limits as ¢ — 7,
e, the wmethod used to calculate the first derivatives feads Lo an indeterminate. However, the
second derivatives involving two z directions diverge. So there is a singularity in the function ouly
i its secoud derivatives. This derivation is left to the reader.



May 1996 67

It Is possible instead to use a quartic function for £ [2] of this form:
. i. 3 .
E= AR (61)

where | .
A=s—sp B={dyg—7) ~(p~7)° (62)
2 (g — )

This function has the following properties.

L. There ts a minimum at ¢ = &g {and also at 27 — @g)

2. The second derivative of I7 with respect to ¢ at this point is &, i.e. the same as the conven-
tional expression,

3. There Is a maxbuwm, not a cusp, at @ = 7
4o Az shown below all the first and second derivatives are easily caleulable,

5. As © = 0 difficulties arise with singularities, although this sitnation is unlikely to occur in
real systems whiclt are treated by molecular niechanics or dynamics,
The first and second derivatives will now be obtained.

df d2 g

— = - ABC el A (2070 ‘her = - 3
5 = B = (207 ~ B) where (/= | (63)

The appearance of ¢" = ¢ — % In the numerator make the calculation tractable, From (58],

1L ABE
db _ ABC (6:4)

deosd sing

Now
L.
sing —sin(o _w?.l:_)_
sin=t s .
= —-}-Iﬂl“w— whore S =sin(¢ ~ 7)
S

B | { CCB L OB (2n)152n+ e
= -z L.S + L/6S7 4+ 3/4057 + T R ) + ... for small &
= =1+ 1/68% 437405 + .. ]
== U 1 /Gsin? 6+ 37408007 6 4. |
= T (65)

where the expansion for sin™' % for small § has been used and may be caleulated to the necessary
accuracy. Hence

i e

i = ABTY (66)

el cos
Cram {59,

_a L — : COS 5 o
= - A2 e BY — el A BT
sin? ¢ { l (2( H) (—ABC JJ

d (cos ¢)* glu ¢

= et o p{1e S >] .
sin” ¢ [ ( tan & {67)
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i | ¢ — T.-‘}
sinfé L tan o

1 i:l O - " ]
B sin®(¢—-7) L tan(g —w)

an~t
= __E { - Et—lﬂ——{ whare T = tan(¢ -- )
57 7 |
1 1 4 I (_1)111{"(27:-{-” E‘ . .
SR | DUV I A [ U G A 1017 G T M O or small T
ng[l T.(I L/37% 4 /570 + TR
L ey 2 IWEa R
- ”ﬁg@[l”‘(l’“1/3f + /57 -..j]
— J. 'J_‘ vy o _.2 v ._‘.i ’
= -5 [+1/37% /57 ]
o 1 ) sin (o — )
B BeosH{p— 7))  HeosMo — 7))~ ...
_ Lo sin®(e)
T T cosi(o) | deost{e)
_ (6%)

where the expansion for tan™! T for small T has been used and may be calculated to the necessacy
accuracy. Hence
d*F 2 e i
L S [2_;-; + BT (69)
d (coso}”
This procedure breaks down if the equilibrium angle oy is 7 asin this case A is infinite. However,
a similay procedure may be followed using a harmonic potential of the form

= éﬁ. (6 — 7)° (70)
Now i i
(‘{{_ = k(' X [ =k where (' '=0¢ — =& (1)
ded de?
aed e '
______ aw o L (72)
deoso sin @

wlich may be expanded as above. Also

cE K me"ﬁ} (73)

2 - .
dicos)”  sin” ¢ Lan &

which again may be expanded in the same way as above.
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