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Editorial

Welcome readers,.to the new format CCPS Wewsletter. As the tltle
suggests, it is our 1ntentlon to publlsh the Vewslettor every three
months and thus brlng matters oE lnterest Swlftly ro thc attentlon of _
part;c;pants in CCPS.. such newsletters are a feature of all the Dther
collaborative computatlonal prOJects connected Wlth Daresbury and they _ 
are clearly popular with their subscrlbers..'Hopefully, the CCPS ' o

Newsletter will folleow in this tradition.

A newsletter such as tbls however is only oE value 1£ the part1c1?
pants in the pro;ect are Wllllng to contrlbute towards 1ts productlon.'
To this end, we request of our readers that from time to tJme, they _ _
submit wrltten artlcles to the edltor on any subject they would llko to.”.u
bring to the attentlon of CCPJ part1c1pants. Such artlcles may be of - any.'
length and handwritten (provided they are legible}. We w15h to be both
lnformatlve and lnformal in thc newsletter and h0pefully encourage a

llvely debate.

It may also be necessary to commission articles from our readers on
occasicons and we nope that our good natured colleagues will understand
khis and contribute in the knowledge of assistiﬁg'é erthy project! all

this in the interest of CCPS5.

S8ince this edition is the first of its kind fdeCC?é it.ie largely
devoted to an account of the CCP5 Polarisability:Meefing fhae.took palce
at Birkbeck College from 23rd to 24th March 1381, under the guiding hands
of John Finney and his associates. Those who were present at the meeting
will recall a stimulating and well-attended meeting and our thanks go to
Dr. Finney and his assccliates for tﬁeif'efforts and fheir.hospifality.
The editor would alse like to thank all the speakers at the meeting who
contributed the abstracts of their lectures to this newslatter and also

Dr. Julia Goodfellow £ér providing a review of the meeting.

W. Smith {Editor)



General NMews

1) Dr. Stephen mhompson has resigned his post as Sedretary of CCP5 to
take up a permanent p051tlon at Cornell Un;versaty.' We w15h him wel].

Ye welcome in his place Dr.'Dav1d Heyes ‘who started work at Royal o
Holloway College on 1st June 1981. ”DrQ Heyes will take over the vacant”w'”
post of Secretary Dr.' Smlth of Daresbury will be respons;ble Eorf”'_:..

program dlstrlbutlon and documentatlon.'

2} Copies of the molecular dynamree”preéraﬁs'MDATbm;.HMDiAT;'Mbiiﬁ,u
MDLINQ, MDTETRA and MDPOLY (all of which were written by Stephen Theonpson
for the CRAY-1 computer) are avallable from W. Smlth at Daresbury.'_
Appllcants are requested to supply a magnetlc tape lf p0551b1e as thls'.
graatly ircreases the eff1c1en cy of the transactlon. Appllcants w1th : 

spec1flc difficulties however w11] be dealt w1th sympathetlcally.

3)  The next CCPS Meeting will take pla.ce. at U.M.I.S.T., 'Manc'ﬁéséér, on
10=~11th Sebtember 1981, The subject of the meetlng will be "Won Standard

Molecular Dynamics". Readers interested in attending should contact

Dr. J.M. n;'clarke

'Department of Chemlstry
U.M.I.S.T.

P.0O. Box 88

Sackville Street o _
'wanchester MDGO 1QD :  S

4)  TFurther CCP5 meetinés proposed”for'the Future include:

'SURFACES:"Seatnanbton} .Decemoer 1981. _ o
- .(Includlng tOplCS such as nucleatlon, interfaeiai
properties, phase changes and clustering )
Organisere:nDr. e Parsonage (Southamp*on), _
Dr. D.'Tilaesley (Oxford) and Dr. J.H.R. Clarke .
(U.M.T.5.7.)



TRANSPORT PROPERTIES: Royal Holloway, March 1987.
Crganisers: Dr. P. Madden ({(Cambridge) and

Dr. M. Gillan {Harwell)



Review of CCPS Polarisability Meeting

J.M. Goodfellow

A meeting on the use of polarisability for describing systems
invelving cooperative inkteractions was held recently at Birkbeck Ceollege,
University of London. This conference was the second in a series organ-
ised by the SRC's Collaborative Computing Project Five {(CCPH), which is
concernad with computational aspects of molecular dynamics and Monte
Carlo simulation technigues. The aim of the meeting was to review the
systems for which it has been found necessary to include cooperative
effects and to compare the various methods used to assess the norn-palr-

additive contribution.

The use of atomic polarisabkility to account for non-pair-additive
effects was wide ranging from such dense crystals as Uranium oxide to
that of water in biological systems. The need for the inclusion of quite
complicated polarisation effects was shown by both D. Frankel {Amsterdam}
and P. Madden (Cambridge) in their interpretation of collision induced

effects in light scattering spectra.

The relative importance of non-pair-additive terms was shown by
J. Murrell {Sussex) who found that the three-~body energy terms in guantum
mechanical calgulations of alkali halides were significant compared with
the two-body terms. J. Quinn (Birkbeck) presented data from liquid water
gimulations showing that although the four-body energies were small, the
three~bedy terms contributed to approximately 10% of the total energy.
Although this latter fraction of 10% would appear to be significant and
difficult to ignore, the four-body terms were an order of magnitude

smaller and hence not so essential to an accurate simulation.

In calculating the energy of formation and migration of defects in
solids, C.R.A. Catlow (University College, London) needed to account for
multibody interactions as the rigid ion models failed to reproduce satis-

factorily experimental energies. Both the use of the shell model and a



modification of thé rigid ion wodel to reproduce the known dieledtric . -
constant lead to a much closer agreement of theory with experiment.

M. Dixon (Oxford) alsoc -emphasised.the use of the shell model in. simula-
tions of molten-salts. . Although-the physical validity of this well-known.
model was criticised,: it deoes lead to good agreement with known. energies . .
whereas the. point polarisable ion model leads to a polarisation. ¢atas-~ . ..

trophe in these dense ilonig systems.

specific algorithms for the inclusion of polarisability were des-~

cribed by H. Berensden (Gronigen) and P. Barnes (Birkbeck College,
London) . Both speakers have developed models for liquid water in which
the need to take into account the cooperative nature of the hydrogen bond
is important. Berensden uses a system of point charges which change in
value due toc the potential acting upon them from all other charges in the
liguid. Barnes uses a self-consistent interactive procedure in which the
dipole moments of each water malecule is updated due to the electropole

field of all surrounding molecules.

The meeting ended with several topics of more general interest for
molecular dynamics and Monte Carle simulaticns. D. Beveridge (Hunter
College, N.Y.} showed data from extensive simulations on liquid water in
which convergence of some thermodynamic guantities - especially the
specific heat - did not occur until well beyond the usually acceptable
number of MC configurations. The rate of convergence was considerably
increased by the use of force bias and preferential sampling techniques
although at the expense of extra computation. M. Mezei (H. College,
N.Y.} and P. Claveire (Paris) showed the importance of establishing that
the multipole expansion (often used to describe the electronic configura-

tion of a molegule) does actually converge for the system being studied.

Recent computational improvements have been made through the use of
vector processors (like the CRAY at DL) to decrease the time of simula-
tions which involve cooperative effects seo that they become comparable
with the simpler effective pairwise potentials. Increases in computa-
tional speed by factors of three to ten over the CDC 7600 have been found
by both Berensden and Barnes by vectorisation of their algorithms. The

versatility of computer graphics for displaying complex three-dimensional



surfaces was seen in a demonstration by Quinn (Birkbeck College). - -

This meeting underlines. the ‘usefulness. of the SRC's: collaborative ::

computing projects in that a group of scientists all using very computer: .

intensive simulation techniques were able to compare and. discuss the

various methods. available for the best method of simulating 'reality' . in . ..

the most efficient manner.



The Three Partial Palr Correlation Funckions of Water Petermined from

¥Nautron Diffraction

J.Cs Dore and J. EReed

Neutron dlffractlon.ﬁeasurements have beee made.on DZO/Hgo mlxtures.
Despite the 1arqe lncoherent scatterlng from the hydrogen atoms, it lS .
pDSSlble to measure the sma1l contrlnutLOn due to coherent scatterlng.
The observed crossg- sectlon data may be fitted with a slngle molecule N
formwfactor and the lnter molecular centrlbutlons extracted for each of
the measurements._ Fourler transformatlon of the data gjves four real— -
space dlstrlbutloe functlons whlch deflne the three partlal correlatlon t: 
functlons 9 (r), (r) and g (r).' SlnCe these three functlons are o
effectlvely over-ﬁetermlned by the feur measurements, ‘various 1nternal
COHSLstency checks can be applled.. The prellmlnary results are surprls~ _
ing and suggest that correlations in the 0OH and HH. extend mueh further
than predicted by any of the current comouter srmulatlons. Oscrllatlons
in the region 5-8 A are in good agreement wlth the earller separatlon of

Palinkas et al'l using x~ray, neutron and electron diffraction data.

1, G. Palinkas, B. Kalman and P. Kovaks, Molec. Phys. 34, 525 (1977).



Polarisability in the Simulation of Solids

C+R.A., Catlow

Methods for the incorporation of polarisability effects in solids in
the lnvestlgatlon of the defect formatlon and mlgratlon energles whlch

determine tran5port propertles (e.g. in the U02 system) were' dlscussed. '

The basic method used was & static lattice model in which electro-
static energy terms were evaluated by Bwald's method and short range".:f
interactions were dealt with by using two~body analytlc functions. T
Crystal defects werés modellad uslng a two- reglon ‘wethod (c.f. HADES),
where Reglon I conSLSted of an expllc1t crystal raglon surroundlng the .
defect and Reglon IT a more remote reglon where continuum methods of o

approximation were used.
The polarisation mcodels avallable were:

1) Neglect of polarisation altogether (Rigid ion model)
il) Point polarisable ion model (PPI)
iii} Core=-shell model

iv) Breathing shell model

The breathing shell model involves essentially three-body effacts
and while often necessary for studying dynamical properties, are not
egsential for studying defect properties. The results of these simula-

tions provide the following salient points.

The core-shell model gave best agreement with experiment. This
probably results from the coupling ketween the short range forces and
ionic dipole forces inherent in the model. The PPI model was unable to
converge on a solution in all cases. The rigid ilon model does not pro-
duce good results in the standard implementation but significant improve-
ment occurs if the model is first parameterised to give the correct

dielectric constant.



Non Pair-additive Terms for Alkalai Halides. ... - .. .

JuN. Murrell

SCFMO calculations on Lithiwn Fluoride clusters both within a ...
crystal enviromment and as isclated species confixm an earlier- conclusion .
of Bounds and Hinchliffe! that 3-body energies are as. important- as the. .
non-Coulembic 2-body energies but 4-body energles are unimportant. It
can be shown by perturbation theory that this result is expected for.
induction (pelarization) and charge-transfer. energies.and calculations .
with varying basigs sets confirm the Ilmportance of bofhg._ The fact that .
charge-transfer energy. is important has implications. for any model which..

introduces_nodfpai:_additiVE;energies.onlygthroughgpolarization;terms.----

1. D.G. Bounds and A. Hinchliffe, Moléc. Phys. 40, 989: (1980}.-

2. J.N. Murrell, J. Tennyson and M.A. Kamel, Molec. Phys. in press. -



Mon-addikivity in Water-ion—waker Interactions!

S$. Romano, E. Clementi, H. Xistenmacher and W. Kolos

The three-body system Li™(H70), was analyzed to study that aon~
additive part of the interaction potential which can be obtained by the

Hartree-Fock approximation.

For. long and intérmediate distances the three~body correction was
found to be well represented by the induction energy where bond dipeles '
are induced on each water molecule by point charges located on the -
(unpolarizable). lithium:ion and on the other molecule respectively: for -
shorter: distances - thig approximation was corrected by means of an
exponential repulsive term. Such a potential model for non—additivé
interactions was extended fto the more general situation Li+(H20)n, and
Monte~Carlo calculations were carried out on clusters containing up to
gix water molecules: comparison with other simulation réesults and with
availabls data showed a- significdntly improved agreement with éexperiment.
Tentative values for AH are presented for n =7, 8, ..., 20, where

experimental data are not available.

1.  Theoret. Chim. Acta (Berl.) 55, 257-266 (1980).
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Light Scattering and Birefringence Studies of Molecular Liguids =~ =

P.A, Madden

Methods for obtaining’ the orientational corrélation parameter (g2)
of a liquid from depolarised’ light scattering intensities and from
electrically and magnetically induced birefringence data’were assessed in’

terms of recent molecular theories of 'local field” effects.

- Experinéntal values of g, for several molecular Ligiids can be
correlated with the molecular: structure and the thermodynamic state of
the fluid. - The relationship between gs and the'Ccllective’and'Singlei”: :””

molecule réorientation times for these fluids-wias digcissed, -
Information ‘from computér similation éxperiments on the validity of

the assumptions used in the molecular 'local field' theories was

presentad. - -

11



MD Calculations on Collision~Induced Effects in Molecular Fluids

D. Frenkel

Collisign_induced effects in molecqla:_fluids:have_traditiqnallyzn
been réqarded.as & nuisance because. they complicaté_&he_interpretation of
light scattering experiments. On. basis of_extensi%e_molecularsdyﬁamica_E
calculations on (atom-atom L.J.) Nz, O, Clp ané:COg,:it_is,argued that.
the ad hoc procedures that have beeh used to diéentangle collision-
induced and orientational light scattering in molecular fluids may not be
based on realistic_éssumptions.z In:pa:ticular; it:seeﬁs that for small
molecules iike_the_onés_studied, the totalwlightisdatteringzspectrum:3J3
cannot be.decoﬁposéd ﬁnambiguously in£o1an orienﬁafibnél;and_a collision=.
induced part. Nor dbes there seem to be a clear'éut séparation in time-

scales between collision-induced and orientational fluctuations. =

The MD simulations suggest a number of experiments that c¢ouwld be.. ..
performed in order to test whether our explanation of collision-induced
effects in terms of the molecular polarizability tensor is correct. Most

important among these experiments are:

1} a measurement of the frequency dependence of deviaticons from the
Lorentz-Lorenz relation in the refractive index of molecular fluids;

2) Imeasurement of the isotropic collision-~induced light-scattering of
molecular fluids;

3) measurement of the 2nd spectral moment of Raman bands.
Such experiments could tell us whether polarizability fluctuations

in molecular fluids can be adequately explained in terms of the DID

{dipole~induced dipole) mechanism.

12



Polarigability in Ionic Liquids -

J«HRs Clarke and S.¥. Hayne

We are concerned with the importance of non~pairwise~additive ..
interactions in determining properties of. pure ionic. liguids. Bounds and. .
Hinchliffel have shown {(using. ab initio calculations) that although such:.
effects contribute only a small fraction of the total energy of small .
ionic c¢lusters they can have a very large effect on the electronic.
polarizability. We have used molecular dynamics computer - -simulation of .
liguid KCl at 1300 K and near =zero pressure to calculate the depolarisa-
tion ratio (p) of light scattering (5-500 cm™!) which is determined by
the relative magnitudes of Eluétuafiéns in the trace and anisotropic
parts of the interaction induced polarisability.- Using only- the pair--
additive interaction terms given by Bounds and Hinchliffe the predictéd
value of p is an order of magnitude smaller than as experimentally
observed? to an extent that is outside the error limits of the coemputa-
tions. - Arguments were presented. that this may be a result of strong -
cancellation effects on the ddditive two-body trace polarisability by 0.
three-body terms. The uncertainties in computing properties dependent oh -
3~ and. 4-body correlations using computer simulaticn of small pericdic

samples: was emphasiseda.

1. . ;BoUnds-and.Hinchliffe,;Rbleé.aPhys.;EQ,'989'(1980)}:J;=Chem;-PhYSsv-
12,298 (1980).. . . _ :

2. Clarke: and Woodcock, J. Chem. Phys.:ng-1006 (1972 .

3. Clarke and Weodcock, Chem.. Phys. Lett. 78, 121.(1981)v:: = -

13



Molten Salt Simulations with Polarizable Tonsg.

M. Dixon

Ionic materials are polarized by:electric. fields through two ..
mechanismg. TFirstly the entire ions move relative to one. another:.. The. .
second mechanism arises from the distortion of the. electron density of
the ions by their lecal fields*. The susceptibility to polarization is -
related to the frequenccy dependent:dielectric constant e(®) which. ..

depends on the trangsverse optic.frequencyan:

(e(o) -~ e(®)) o

Loe(w). = (%) + (wl < ey Y

T

The longitudinal optic frequency, @~ - i~

W, = (€(0)/e(*) y1/2 Wy v (Refi 2)
If a model fails to give.a satisfactoryidéSCription.of-the-dielectric-a:
properties of a material it must fail alsco to describe the collective - .-
charge oscillations which correspond to the optic phonons in-the crystal. .
The dispersion curves for Wal illustrate clearly the failure of rigid. ion
models; €({*®) is always unity for such a model®. pPoint polarizable ion. ...
models, for which the polarization of an ilon is proportional to the
electric field at the icon, are unsatisfactory. Point polarizable ion
models overestimate the polarization of the ions and are liakle to
pelarization catastrophes”f5f6. The class of shell models all couple the
polarization of an ion to the shori range repulsion between the electron
densities of that ion and its neighbours. . This class of models has been
extremely successful when used’ for predicting the phonon: dispersion
curves of crystalsa. It has alsc been successful for predicting rumpling
of crystal surfaces and defect energies6!7 for which rigid ion and point

polarizable ilon models have proved very inadequate.

A method is presented for implementing the shell model within a

molecular dynamics simulation. A simple steepest descent method is used

14



for the adiabatic relaxation of the zerc mass shells in the fields =
arising from neighbouring ions. This method proves to be an order of
magnitude more expensive in computing time than a corresponding rigid ion
simulation, The method is applied to the simulation of molten salts and
the results show better agreement with experiment than the corresponding
rigid ion model for the partial radial distribution functions, the

diffusion coefficients, and the longitudindl currents.

1. B. Donovan and J.F. Angress 1971, Lattice Vibrations {Chapman &
‘Hall) ' '

2. - R.H. Iyddane, R}GLjsééhé;“E}iTéiléf;'Pﬁys{ Rev}”§2,7673:(1941).

3. M. Dixon and M.J.L. Sangster, J. Phys. C. 9, 909 (1975),

4.  K.M. Diller, D. Phil. Thesis, Okford (1975), R

5. G. Jactucci, I.R. McDonald and ‘A. Rahman, Phys. Rev. 312;”5581“”"’“*
(i576) . . y L N . L

6. C.R.A. Caklow, this conference:

7. P, Tasker, DL/SCI/R15, ps6 (1980).

15



Algorithms for Folarization through Charge Modification

H.J.C. Berendsen

Polarlsablllty can be lntroduced by lnduCLng p01nt dlpoles, by
displacing charges oxr by modlfylng the magnitude of charges. The latter

method requires at least four charges to be present in the model.

- In order to formulaee.the equations for ehefges, enerygy and Eorces,
we write the energy U as the sum of the.electrical interaction energy U ol
and in internal polarlzatlon enexgy Upol: U = Uei'+ Up 1t The electrlcal
energy equals the total electrlcal enexgy of the polarlzed system (not
including a factor 1/2 for the energy due to the 1nduced charges as l.S
usually encountered in polarlzatlon energles), the oolarlzatlon energy is
a2 quadratic term in the induced polarization. The charges adjust'themﬂ
selves in such a way that the partial defivafive of U witﬁ reepect to the
polarization vanish., The matrix of coefficients for .the quadret.ic. term
are related to the polarisability tensor of the molecule and the geometry
of the point c¢harge model. It turns out that Upol exactly eguals -1/2
times the electrical enerqgy of the induced charges. The model implies
that the charges on each molecule are modified by the potentials on the
charges of the same molecule., The relation is a simple 4 X 4 matrix
multiplication. The forces are gradients of the energy U and become
equal to the (polarized) charge times the electric field at the charge.
The energy can be reworked to a very simple expression: one half the
unpolarized charge times the potential, summed over all charges and

particles. The forges are not simple gradients of this expression for

the energy due to the dependence of polarization on co-ordinates.

Applied to a four-peint charge model off liguid water, the algorithm
shows an expenential convergence, needing only 2 iterations per time step
and increasing computer time by a factor 2 to 2.5. o polarisability

catastrophe or unreascnable dipole fluctuations cccur.

16



Supercomputer Tests {Additidnal Contribution)

Tests of a vectorisable MD program on various computers, including
the CRAY 1, CYBER 203 and CYBER 205, were reported. The relative speed
depends on the vectorisability of the routines tested. The CYBER 205 was
about 15% faster than the CRAY 1 for the overall time step, 40% faster on
the force calculation, 70% faster on a well-vectorisable routine, but-

ouly half as fast on a non~vectorisable routine.
A £ull report will become available and will be' sent to thoss who =~

indicate theitr intérest in writing to Prof. H.J.C. Berendsen, lLaboratory

of Physical Chemistry, Nijenborgh 16, 9747 3G Groningen, The Nethérlands.

17



Algorithms for Polarisation using Multipole Expansions

P. Barnes

The introduétion of'pOlarisation.into potentials uéed in Monte= . .
Carlo simulations is lmportant for certaln flulds such as waterl
Although polarisation algorithms are not really suitable for the Monte
Carlc method, they are necessary for example 1n estlmatlng the free

energy of water 1n sp801f1q active sites of blologlca; mqlecules._ One

must therefore consider possible_simplifications and their_likely_eﬁfect.

A solution by iterative methods for polarisation would entail

programming loops of the feollowing kind;

oy

Dipole updating for all N AN = N, apl (1}

—X af —k
N . L. N , .

(aaB = polarisability tensor, EER = field increment on

melecule N and eguals the initial (dipole + quadrupole)

field for k = 1) iterative

> k
i j apN = p MgN o ApM
ield updating for all N *£k+1 L g ~Bk (2) cycle
M

M N \ . .

{ guf = a geometrical tensor fixed for any molecular

pair M-N)
/

With implementation on Cray computers, full advantage of vectorisa-
ticn cannot be made w.r.t. eq. (2} and so the polarisation cycles beccme
the main computing time user. The following table examines some possible

shortcuts:

18



Code Timing Errors reriodic .
t .
Name Method Ratios E AE updating
MC2 Full polarisation (eqgs.{1) 1 0% 0% Every MC-step
and (2}) every M-C step (nominal}
MC3 Full polarisation cycles only
. within. "cut~off" radius of . - ... 0.66  0.01% 14% . -

S ¢irea 1 in

M?fﬁg%Sp}éééd_qu?cul?..:- R 40 MC-steps -

MC3) /2 As MC3 but treating new con-

figuration as perturbation of 0.35 - - -
old cne
MC4 No pblarisation cycles after
eirea 1 in

initial configuration except--: .- -0121:f:0-03% 45% .

periodic updating = 40 MC steps

Accuracy of ‘erergy calculations’ are for 216 water moleculés at STP, with *
7 to 7}/, A cut-off, 99% polarisation convergence, and CRAYT timings.
E refers to the internal energy and AE its average MC-change for 50%

overall sucdess.:

Such approximations clearly speed up the simulation (e.g. 1/2M MC-
steps for water - MC4 over 71/2-hours) but it is difficult to assess
their true effect. MC4 may be applicable for ¢ertain biological  situa-
tions {e.g. isolatad "water pockets").  Howsver one is less eonfident
using MC4 &6 say bulk water where it is suspected that pair-additive
nodels cannot reprodude the long range oscillations in the ©OH and :
HH-RDFs%. ©n the other hand method MC2 does have the propensity t&

propagate long-range indirect interactions across “"polarisation bridges”l

as a consequence of the many body effect resulting from polarisation3.

1. Barnes P., Finney J.L., Nicholas J.D. and Quinn J.E., NWature, 282,
459 {(1979}.
2. Dore J., reported in this meeting.

3. Quinn J,E. and Gellatly B.J., reported in this meeting.

18



Multipole Expansion up to Order 14 Based on the Maxwell Poles of
Spherical Harmonics. Convergence of the Multipole Series for Water and

Ice.

M. Mezel

A comprehensiveé program for  approximating the électrostatic” energy
of interaction between two charge distributions is described based on the

maxwell poles of spherical harmonics. The procedure involves:

(a) obtaining the moments of the charge distributions invelved up to the
desired order;

(b) determlnlng the correspounding Maxwell poles,-

(cy'lccmputlng the interaction energy of the 1nteract1ng charqe
distributions as representsd by their respective MaxWell“pOIes:"""
(d) for lattice energy calculationg perform the Ewald summation using ..

the formulae developed by E.S. Campbell. .

This procedure has been implemented for water molecule interactions.

up to order 14. Results will be discussed on:

{a) the convergence of the_multipdle serieéé

(b) thé:effgct_of various density pa:titigning scﬁemes:

{c) th@.convéréence of'latticeisums for iéés Ih{ II'ahd iX:

(d) the ablllty of the polarlzatlon model using. lnducpd dlpoles Lo _
represent the multlbody contrlbutlon to the energy of 1nteractlon;_:.

based on results for small clusters and Ice Ih. .

20



Three and Four Body Interactions in the P.E. #odel

J+E. Quinn

Ag an aid to“understanding'théErcie“oﬁfthfé@“and5fdurzb&dﬁ?éffedtS” '
in polarisable fluids, calculiations: have.been carried out using Ehe : o™
polarisable'electropole:potential!forfwater:to*estimate“the.magnitﬁ&é‘ofﬁ*
three and four body contributions to the total interaction energy.

- Two. clagses of calculation were performed: . ' -

(1) using randomly chosen triplets and quartets;’ _ _
(ii) using triplets and quartets picked from model systems' (bulk water; '

. ice-In,. ice VIII)e . v o

Type (i) 'showed that the thiee bBody contributions were“tyPically'5¥10%COff

the total while: four: body energies were an order of magnitude smaller, ..

Type {ii) for bulk water showed that three hody energies were again
of order 5-10% but generally more negative, while four body effects were
< 1%. Considerable scatter in the results indicated that there is no
correlation between large total energies and large three/four body ener-
gies but rather that the partitioning is highly dependent on. confiqura-
tion. The effect of symmetry in the ices was seen to reduce the scatter

congiderably. ..
These results lend weight to the idea that many body interactions

may be included in computer models by analytic two and three N-body. terms ©

and that such- series may be very quickly convergent. . . .
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The PoM Code

R.W. Hockney

- Théﬁparfic1é*particie/particlé—méshidrfP3Maalgofithﬁ is’a wmethod of
force calculation in. which. the number of: arithimetic opeérations can be.. .
made proportional to- the number of-particles};Np rather than to . its-. .. . .
square. This is achieved by obtaining the long range interaction from. - -
the solution of the overall potential on a regular three-dimensional mesh
using fast Fourler transform technigues (FFT). - The correct interaction
is obtained at short range by adding on a correction from nearby
particles only. This is doneupai:wise-out;to-3:o;n4:mesh{distancestg
W¥e ighbours are:foundfby=aevery'rapid;“linked¥1istﬂ}E9chﬁiquéa(ref;;2}~ fx=
that réQuires only about 1,000 stores for a head 6f'chainftablekfandubne
extra link coordinate per particla. A program P3M3DP (Ref. 7} is
available through the CPC Program Library at Queens.Universityy_Belfast;;T

Some examples of computing timesteps on the: IBM- 360/195. are:. . . -

L No= 512 - 1s.
N = 4,096 . . B
N = 10,648 178
N o= 17,576 . 30s o
CNem 21,952 . 335

A useful rule of thumb is ~ 1.5% per 1,000 particles. The method is : - -

published in the following papers.

Description (2D} -

1. Hockney, G6el and Eastwood (1973) "A 10,000 Particle MD Model with - -
Long Range Forxces", Chem. Phys. Lett. 21, 589-591.

2« Hockney, Goel and Fastwood (1974) "Quiet High-Resolution Computer
Models of a Plasma”, J. Comput. Phys. 14, 148-158.
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Theory (3D) I
3. Eastwood (1975) "béﬁiﬁai Particle Mesh Algérifhmé"; J[fccmput.:Phyé,;
18, 1-20. ' C
Eastwood (1976) in Computatlonal methods ln Classical- and Quantum J,f
Physics, Advance Publications. s ' o _' R :
4., "value for Money in Particle Meéh:Piaéﬁa Simulaﬁidhé”:.196 205.=_n L
5. "Optimum pn Algorithms for Molecular: Dynamlcs Slmulations" ' '
6 Hockney énd Eastwood‘(1981} Computer Slmulatlon stng Partlcles,
%cGraw~Hlll, Advanced Book Program Theory {8}{ Galaxy Clusterlng B
(11), bbl. Dyn. (12),__-_

Program (3D)_ _ T T T Cen e e
7. Eastwood Hbckney and Lawrence (1980) ”PBMSDP *-the Three

DLmenSLOnal Perlodlc Partlcle Partlcle/Partlcle Mesh Program"'“~fp;;;:

_ Comput. Phys.’Commun _19, 215 261._j_$]5__*“

Aopllcatlons (2D)

8._'Hockney and Brown (1975) "A Iambda Tran51t10n in & Cla551cal
'_'Eiectron Fllm" J. Phys. C.'8 7813 1822.:,_¢,;,;-~ . '
9. Hockney and Goel (19?5} "Phase Tran51tlons in Two—Dlmen51onal

Potassxum Chlorlde", Chem._Phys.:Lett. 35, 500:507.,-;ﬂ,ﬁ1

10. Amini and Hockney (1979) "Compute:r Simulation of Melting and Glass
Formation in a KC? Microcrystal’, J. Non-Crystalline Solids, 31,

_ 447-452. _

11. Amini, Fincham and Hockney (1979) "a MD Study of the Melting of
Alkali-Halide Crystals”, J. Phys. C. 12, 4707-4720. '

12. Mitra and Hockney (1980) "Distribution of Holes in Simulated SiQ,
Glass", J. Phys. C. 13, L739~L741,

13. Mitra, Amini, Fincham and Hockney {1981) "Molecular Dyvnamics
Simulation of Si0; Glass", Philos. Mag. 43, 365-372.

14. Efstathiou and Eastwood (1981) "On the Clustering of Particles in an

Expanding Universe”, Mon., Mot. R. Astron. Soc. 194
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Convergence Acceleration in Monte Carlo Computer Simulation on Water add’

Aquecus Solutions

P.K. Méhrofra; M.  Mézei and D.L. Beveridge =

The.ccnﬁéfgenéé characteristics bfISténdéfd'Métrbpoiié'mdﬁfé'ééflo
calculations on liguid water and aq&édﬁéisoiﬁﬁidnévﬁéé“aéséfibéa;:éﬁa o
documentation"oE'thé-neéd’fdr-CbhvefQéﬁCé:aéééleféﬁidﬁﬂprodé&ﬁrééuwéé
presented, These take the form of importance sampiihg'pfocedufes adﬁed
to the Metropolis method. Comparative studies on ligquid water using
the force bias method show that convergence with this-orocedurexié“:ﬁﬂrvul
improved by a" factor: of 2-3 ‘over ‘gtandard ﬂetropolls.f For aqueous o
solutions," both force bias and preferentlal sampllng procedures were; 
considered. Neither method alone was Eound to be’ adequate Eor descrlblng
structural characteristics of solutions in realizations of the order usedﬁ
for simulations on pure liquids. A combination of the Metropolis; forde
bias and preferential sampling methods was Found to bé“éﬁcdéQSfﬁi”ihrthiéf
respect, and makes agqueous solutions accegsible to’ smmulatlon studles at
high levels of computational rigor: lmpllcatlons of this’ work for“m

theoretical studies of biological water” problems was mentloned.-
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A Multipoldr Expansion using Accurate Gaussian Orbitals o

p. ClaVeriea

. Readers interasted in this topic. should contact Professor Clavefié'affxi:

Instltut de Blologle Phy51co-ch1mlque ' 

13 Rue Plnrre et Marle Curle
75005 paris .
FRANCE
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‘Microdynamical Behaviour of Aqueous Lil Seluticn (A Foster Presentation) o0

Gy« I. Szasz and XK. Heinzinger - -

The properults of a 2 2 ‘m LlI solutlon'have been calculated from a
‘molacular dynamlcs ‘gimulation:’ over 10 plcoseconds at a:temperature of:

305 K. The basic periodic cube contalned 200 water moleﬂules and 8 lon':

pairs. The effdctive pair potentials are based on’ tne ST2 water modnl
and a single point charge model for the ions. . e |
_ I addltlon to the - structural propertles of the solutlon, he self
f dlffu51on coeffLC1ents, the reorlentatlon ‘times of the dlpole ﬁoment andl
the- correlaulon timeg of the proton—proton vector of the water molecule&
are calcdulated separately-for the follow1nq subsystems-:bulk.water.andn
‘hydration water of Li* and I”. Thése quantities are compared with the .

- available experimental data, and implications with respect to "structure:'f?

forming” ablllty of the ions are presented.
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