A MOLEKULADINAMIKAI MODSZEREK SZISZTEMATIKUS
TARGYALA/SA: KLASSZIKUS DINAMIKA A POSTERIORI
KORREKCIOJA

KLASSZIKUS DINAMIKA

Klasszikus magok mozognak egy eldre elkészitett
potencialfeliileten.

Potenciélfeliilet készitése, alakja — mashol.

Mozgasegyenletek integraldsa, numerikus algoritmusok — félév
elso fele

Hétranyai: kvantumos jellemzdk (alaguteffektus, zérusponti
mozgas) elhanyagolédsa



Példa

MovecuLar Prysics, 1977, VoL, 33, No. 6, 1757-1795

Thermodynamic and structural properties of liquids modelled
by ‘ 2-Lennard-Jones centres ’ pair potentials

by K. SINGER, A. TAYLORYt and J. V. L. SINGER

Chemistry Department, Royal Holloway College,
(Untversity of London), Egham, Surrey TW20 0EX

(Received 5 November 1976)

Termodinamikai adatok: energia izochorok

Lmmauates sss wass sasgeesser

The reduced quantities are defined as usual :
T*=kTle, p*=pNy® E*=E[Nye, p=1/V,
p*=paile, I*=lfo.
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Figure 1. Energy isochores for *=0-608, p* shown below ecach line. ©: N=108
A N=256.
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Termodinamikai adatok: nevezetes differencidlhanyadosok
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Figure 4 (#). The dependence of (£p%/8T*)» on p® and [®.

Termodinamikai adatok: 6sszehasonlitds kisérlettel
(jol illusztralja a modellalkotas folyamatat ...)

Table 6 (@), Computed and experimental thermodynamic properties of liquid Fy at p=0.
MD simulation with ¢/k=52'8 K, 0 =2-825 = 10-*® cm, /e = 0-505.

plmol dm—? - Efk] mol—? ap/K-1x 1077 Opf] mol-t K1

K MD  Exp MD  Exp NI Exp MD  Exp

54 4490 44-80 6005 6-001 393 361 595 551

(59:3) (549)

U] 4384 4384 5649 5667 407 372 591 560

(38-9) (55-9)

80 4019 4044 4480 4541 461 440 578 565

(377 (36-3)

100 36-39  36-66 3337 3374 329 (3-BG6)F 565 —

(56-4) (60-3)

120 3241 3205 2218 2100 633 {(7-61)F 5353 -
(55-1)

( Hat P=100atm. { ) figures at P=10atm. =xp= ! {1787,
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Szerkezet: atom-atom parkorrelacids fliggvények
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Figure 10, The variation of gal(r®) for [*=0-503 with temperature,

Tovdbbi lehetoségek:

Termodinamika: fluktuiciok, Gjabb nevezetes differencidlhanyadosok
(izotermdlis kompresszibilitas, hokapacitasok)

Szerkezet: strukturafaktorok
Dinamikai tulajdonsagok: idOkorrelacios fliggvények, s a beloliik
szarmaztathato transzport mennyiségek (diffuzids egyiitthato,

viszkozitas, hOvezetési egyiitthatd), relaxacids i1dok,

Elektromos tulajdonsiagok: dielektromos alland6
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Liquid Smmlation Study of Neat Formue Acid

—_
—)
=
Q

J Phys. Chem. B 2000, 104, 8287—8204 3287

A Comprehensive Liquid Simulation Study of Neat Formic Acid

o

1]

1]

04

&2

[E0]

2
1]

Péter Mindry,” Pal Jedlovszky,® Mihaly Mezei,} and Laszlo Turi*"
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An extensive liquid simulation study combining Monte Carlo and molecular dynamics techniques was
performed for liguid formic acid. We investigated thermodynamic, dynamic. and spectroscopic properties of
the liquid. The examination of several dynamic properties leads to a detailed picture of the molecular
contributions to the macroscopic properties of the liguid phase. Although the present model overestimates
the diffusion constant by about 25%, the caleulated spectral densities for the franslational and rotaticnal modes
of the solvent in combination with ab imitio caleulated harmonic frequencies provide a valuable tocl in the
gqualitative assignment of several unportant features of the low-frequency liguid phase Raman spectrum. The
relaxation time scales also give reasonably good agreement with dielectric relaxation and NME. measurements.
Hydrogen-bending dynamics provide interesting additional information on the dynamical time scales. The
average lifetime of the strongest types of hydrogen bonds is less than 0.5 ps. The relative population of the
dimers with fwo hydrogen bonds undergoes a significant change relative to the gas phase population, the
weight of the less stable dimers increasing substantially. Approximately 1% of the molecules participate in
hydrogen-bonding patterns which dominate the crystalline phase of the formic acid. As an extension of the
present work for the liquid phase, we have also performed calculations for the vapor—liquid egquilibrivm
coexistence curve predicting the critical temperature with 5% error. The application of the thermodynamic
integration method results in thermodynamic excess quantities as the excess free energy. entropy, and chemical
potential

J. Phys. Chem. B, Vol 104, Ne. 34, 2000 8139
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Figure 1. Tranzlational velocity autocowrelation functions (upper) and
the comesponding spectral demsities (lower) for ligmd formic acid
Speeciral densities i arbifrary units. Solid line: total autecorrelation
function and spectral density; dashed lines: the component perpen-
dicular to the molecular plane; dotted lines: the planar component.

Figure 1. Rotational velecity autocorrelation functions (upper) and
the coresponding speciral densities (lewer) for ligmd formic acid. The
mset shows the crientation and the three principal axes of the fomuc
acid meleculs, Speetal densities in arbitrary undts, Solid line: rotation
around the x axis; dottad line: rotation avound the y axis; dashed line:
rotation around the r axis.
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Figure 5. Decay functions for the four diffsrent types of hydrogen-
bonding interactions m hquid formue acid. The mset shows the
numbering of the atoms of the fommuic acid meleculs,
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Figure 7. Vapor—ligmd equilibrium densities of formic acid as a
function of the temperature, as resulted from Gibbs ensemble Monte
Carlo simmulations with the present model. The asterisk 15 the estimated
critical pomt of the medsl.
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KLASSZIKUS MD (VAGY MC) KVANTUMOS KORREKCIOJA

Kovetelmények a kozelitd modszerekkel szemben

1.

Kisebb vagy alacsonyabb dimenzi6ju rendszereken végzett
egzakt ,,benchmark™ szamitasok eredményeit a leheto legjobban
reprodukaljak.

Nagyobb vagy magasabb dimenzi6ju rendszerekre is
alkalmazhatoak legyenek

. Képesek legyenek rugalmatlan iitkozések ES reaktiv iitkozések

kezelésére is
Kiterjeszthetdek legyenek tobb potencialfeliiletet is magaba
foglal6é problémdak kezelésére

. Konnyebben kivitelezhetoek legyenek az egzakt kvantum

szamitasoknal
A novekvl szamitdgép-sebességét effektiven hasznaljak ki

Klasszikus particios fliggvények kvantaldsa

— Klasszikus szimulaciok (MD vagy MC) végrehajtasa

— Klasszikus particids fiiggvények szamitasa (a rendszer 0sszes
termodinamikai tulajdonsiga kinyerhet0 a particios
figgvénybol!)

— Klasszikus particios fiiggvények kvantumos korrekcigja

Lényege: az egzakt kvantummechanikai particios fliggvénybol a
klasszikus limit képzése:

7—0 1

Q :;eXp[_IBEj]% N1

jj exp|- BH Wp,..dp,dq,..dq,

(2/1)
Megmutathato, hogy

0= Z<¢;6XP[—,5H]¢)].> =.= hiNI...Iexp[—,BH]w(pl.,,rN,ﬁ)dplmdrN

(2/2)
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ahol
w(gl...rN,,[)’)=Zhlw,(gl...r1v,,5) (2/3)

Ez egy sorfejtés i-ban, melynek elsd néhany tagja kifejezhetd!
Néhany kvantum korrekcio:

1. N atomos rendszer kanonikus particios fiiggvénye

Onvr = 1 J'dr(l—

o ef; ZZ)[V Vii% (r)]2jeXp[— BV (r)]

2
(2/4)
2. Korrekci6 a Helmholtz-féle szabadenergiaban (N atomos

rendszerre a teljes korrekcid, mig N molekuldbdl allo
rendszerre a transzlacids korrekcid)

qu _ pcl _ _L 2 22 2
AT = AT =A< NIB (f2)1m (2/5)

ahol < f7) az egy atomra hat6 erd négyzetének dtlaga a
szimuldciébol.

3. Rotécios korrekeio N darab [ tehetetlenségi nyomatékkal
rendelkez0 linearis molekula esetén

u C 1
A" — AT = AA [=MNh2,Bz<rf>/l—Nh2/6I (2/6)

ro

ahol (z7) az egy molekuldra hat6 forgatényomaték
négyzetének atlaga a szimul4ciobol.
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Példak 1.

PHYSICAL HEVIEW VOLUME 188, NUMBER 1 5 DECEMBER 18689

Quantum Corrections to the Coexistence Curve of Neon
near the Triple Point

*
Jean-Plerre Hansen and Jean-Jacques Weis
Laborateive de Physique Théovique ef Haules Enevigies, Faculté des Sciences, t Orsay, France

Quantum corrections to the free energy of a claasical Lennard-Jones system are caleulated,
using the well-known Wigner expansion in powers of . In the vicinity of the triple point of
neon, the [ term turns out to be about 40 times amaller than the Kt term, which justifies
truncation of the series after the first correction term. The resulting changes in the densities
and presgures of melting and condensation transitions give rise to a phase diagram which is
in good agreemeont with experimental neon resulte,

l

Il. EXPANSION [N POWERS OF h

Wigner® has given a well-known expansion of
the free energy in powers of k:

F=F |+ (2/8) ()4 (H/8) (x,) =M +vee ,

(2)

where ¥, ¥, -+« are certain derivatives of the po-
tential part I of the Hamiltonian

=27 vlr. ),
ij

i<i

and the parentheses denote averages over the clas-
sical ensemble, Fcl gstands for the classical {ree
enersy.

To second order in #, the free energy is given by
— -] _ 2 2
F_Fc1+ (" fﬁ]{xz.‘.' —FEI+{A ,-"'4311]2!.{?:, .
(3)

Using reduced units, the expression for the free
energy per atom is easily transformed into

F;“'N=.Fd,f"ﬂ+[ A*2/24(20PT*) dmp™l ¥, {4}

where
L - e N |

%= [ g (6" r)+ @Fr)e (] ridr. (6)
In this last expression, g.;(r) is the classical
radial-distribution function, p* is the reduced
number density (atoms,/o?), and A*® ig the dimen-
sionless parameter,

A¥ =K /o"me,

{for neon, A**=0, 354, andfor argon, A**=0, 03 45),

l
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188 COEXISTENCE CURVE OF Ne NEAR THE TRIPLE POINT

T

TABLE I. Quantum corrections to the free energy (in reduced units), at reduced tempersture T° - 0.65 and reduced
density p* =085, The classical value was extrapolated from the results of Ref, 1.

1
Fclassical #* correction r! correction
LR we i =t wve o) w58 (%)  sumafa
terms
=447 0.43 -0.88% 107" 0,54 % 10~ —0.aex 107t 0.11 x 10~

TABLE 1. Condensation densities and pressure for the classical LI ayatem, for the LJ system
ineluding guantum corrections, and for neon. All quantities are expressed in reduced units.

® - -
T agas '0111:_1.11:! .

Clagsical LJ system 0.0035 0,525 00025

LJ system with quantum 0.75 0.0059 0.772 0.0042

carrection

Neon experitnental 0, 0068 0.773

Classical L7 system 0073 06046 0059

LJ system with quantum 1.16 0.059 0,548 0.071

correction

Neon experimental 0,134 0,511

TABLE ITI. Solid-fluid transition densities and pressure for the classical LY system, for the LT system including
quantum corrections, apd for neon.

Tt - * *
Pfluid Paolid F
Clagsical LJ system 0875 G.973 .98
LJ system with gquantam corrections 0.75 0,843 0,835 0,94
Nean experimental 0878
Classical LJ system 0.935 1.024 5.68
LJ syatem with quantum corrections 1.15 (.5%04 1.000 5.91
MNeon experimental 6083
Classical LJ system 0,964 L.O&T 8.00
LJ system with quantum corrections 1.35 0,933 1.026 0.0%
MNeon experimental 9.155

=145

—115 if s .

FIG, 1. Coexistence curve for LT system in reduced
units, as defined in the text. The dashed curve corres=

potds to the classical case (Ref. 1); the full curve is ob-

talned when the quantum correction is added. The tri-

angles are experimental neon condensation data (ref. 121,

TABLE IV. Triple=point densities and temperature
for the classical IJ system, for the LJ system in=
cluding gquantum corrections, for argon and for neon.

T

- =
Pliquid  Psolld

Classical LJ system
L system with
quantum corrections

Argon experimental
Neon experimental

0.66
0.62

0.7
0688

0.5862 .86
0,826 (.82
0.541 0.968
0,813 0.933
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Példak 2.
MoLecuLar Pravysics, 1979, Vor. 38, No. 6, 1875-1892

Quantum corrections and the computer simulation of
molecular fluids

by J. G. POWLES and G. RICKAYZEN

. The Physics Laboratories, The University,
i Canterbury, England

(Recetved 19 May 1979)

The quantum corrections to the free energy, to order #2, are obtained for a
fluid of rigid interacting molecules in a form suitable for use in computer
simulation. The result involves only the mean squared force on a molecule
and the components of the mean squared torque about the principal molecular
axes which are, or ought to be, routinely evaluated in simulations. The
corrections are found to be small, but not insignificant, especially for molecules
with one or more low principal moments of inertia. It is suggested that such
corrections should be routinely included in reports of computer simulations
of rigid-molecule fluids. The corrections are illustrated for liquid nitrogen,
fluorine, chlorine, hydrogen chloride and methane. ‘

7.2, Liguid fluoride

We use data given by Singer et al. [27] in their table 13. The relevant
extracts are given in table 2.

Table 2.

p* i i Fryf1o-% N2 (TR0 1 (KT (P M) {A-Ae)((] /e mole)
0-4547 2:06 1-87 633 065 221
0-5457 1-65 200 0-618 060 356
0-6080 1-06 1-47 =480 061 69-7
06200 0-98 1-38 0-463 0-635 792
0-6200 1-24 1.92 0628 63 663
0-6200 1-25 2-60 0-828 061 590

p¥*=po? and T*=kT/¢, o =2-809 A and e/k=60-39 K,
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7.5, Methane

A recent simulation of fluid methane [20] gives values of mean squared force
and torque over a sufficient range of temperature and density that, with moderate
interpolation and extrapolation, the quantum corrections can be estimated using
equation (6.8). We find the results given in table 3 for three densities at a
temperature of 207 K. In the table MD is the classical molecular dynamics
result from [20] and MD + QC is the result including our quantum correction.

Table 3.
Density ... AU AUix APV AP APyt PVINET
T-'J ' e i —_— —

e AINRE e w100 S TP T R BB WD Hept. MDSUT
100 —0016 110 50 0032 70 275 046 039 0-49
185 —0020 076 28 0082 164 261 050 056 0:38
249  —0043  0-70 18 0164 86 219 191 199 207

The corrections for the orthobaric liquid may be expected to be similar to those
for the last row of table 3, These results show that the fit of the simulation to
experiment is only marginally changed and the quantum corrections are rather
amall even for this low mass, low moment of inertia, molecular liquid.

/12



Korrel4cios fiiggvények kvantélasa
— Klasszikus (esetleg kevert kvantumos-klasszikus)
szimulaciok végrehajtasa
— Klasszikus korrel4cios fiiggvények szamitasa (pl. transzport
koefficiensek, fényelnyelé€s, fényelhajlas, fényszoras,
dielektromos relaxdcio szamithato a korreldcios fliggvények

segitségével)

— Klasszikus korrel4cios fiiggvények kvantumos korrekcioja

Autokorrelacios fiiggvény A(z)-re:
C(t)=(AOAWD) = | .| dpdgA(p, 4.0 A(p.q.Df (P, q) 2/7)
Példa: sebesség autokorrelacids fiiggvény:

Cn)=(v, (v, (0)) (2/8)
Kiszdmitasa: az MD trajektoria mentén atlagolassal
Kvantum korrekci6 alapja: autokorrelacios fliggvények kifejtése
olyan Kkorrelacidés fiiggvények szerint, melyek kvantum
korrelaciods fiiggvénye ismert! Ilyen a harmonikus oszcillator.
A szimulalt rendszer barmely korrelacios fiiggvényét felirhatjuk
harmonikus oszcillator korrelacids fiiggvényeinek lineéris
kombinacidjaként. Ez azt jelenti, hogy feltételezziik, hogy a
rendszerben a részecskék harmonikus oszcillatorokként

viselkednek.

Hogyan  kapjuk a  linedris = kombinaciét?  Fourier
transzformacioval! Ez nem mads, mint a spektrum szamitisa!
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C,(1)= i c, cos(a)at) (2/9)

a=0
Atalakitassal:
- = m,w, kT = my@)

Cu (t) = ;Ca COS(a)at) = ;Ca 7 maa)é COS(a)at) = ;Ca 7<Q(O)Q(t)>cla

o 2 .
= an Ma®y| 1 H coth(hw"’j cos(m, 1)+ L sin(a, 1)

2=0 kT |2 m,@, 2kT 2m,@,

(2/10)

Az igy kapott korrelacids fiiggvény mar kvantumosan korrigalt!

Mikor j6 a harmonikus kozelités? Folyadékokra akkor, ha az
alacsony frekvencidju mozgasok hozz4ajarulasa kicsi a vizsgilt
effektushoz!

Tovabbi 1€pések: a korrigalt korrelacios fiiggvény mar
alkalmazhato TD-1 mennyiségek, idofiiggd tulajdonsagok
kiszamitasara.

Példa: JCP, 103, 2642, 1995.

Molecular dynamics simulation of an excess charge in water
using mobile Gaussian orbitals

Arnulf Staib and Danigl Borgis
Laboraioire de Physigue Theorigue der Liguides, Univerzite Pierre or Marie Curie, 4 Place Juzzieu,
73232 Pariz Cedex 03, France

(Received 18 Janmary 1993; accepted @ May 1993)

For mixed quannm-classical melecular dynamics simmlations of selvated excess charges a novel
and efficient method to expand the solute electronic wave fimetion i a dismibuted Ganssian basis
with a shell smueture 1s presented. The aggrezate of Ganssian orbitals 15 capable of minicking the
shape fluctnation of the excess charge distibution and its diffusion through the solvent This
approach also offers an easy pathway to treat the solvent electronic polarization in an explicit and
self-consistent fashion. As applications, the results of adiabatic melecular dynamics sinulations for
the hydrated electron and the agueous chlonde are reported. For e /H, O the computed sround state
absorption spectnum 15 discussed. Adiabatic relaxation as well as nonadiabatic transition rates are
evaluated—:the latter by neeans of an original Golden Fule formmula—and compered to experimental
results. In the case of C17/H, O the charge transfer to solvent spectra are analvzed. The ability of the
mobile basis set method to describe the photodetachment dynamics of an electron from agueous
chlomide 1s also demoenstrated. © 1993 American Institute of Physics.

Cél: gerjesztett allapotu elektron alapallapotba torténd
relaxdcigja sebességének kiszamitasa
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A sebesség klasszikus képlete:

Wenia ef al. have calculated population relaxation tinees
for the hydrated electron evaluating 2 Gelden Bule expres-
ston by means of adiabatic MD combined with a semiclassi-
cal Gaussian wave packet representation of the solvent
muclei *® Their results are comparable to those quoted sbove
and m good agreement with the expenimentally found values
which range from 240 £° to 550 ££.7* In a similar spirit we
have exploited an adiabatic Golden Fule formmla, denved in
the Appendix, for the Tansition rate from an upper (m) to a
lower electrome state ()

1 .
F[ drl I‘“'(neml ][ J_"'LH""LJLTM'T]

w Py, (23)

where exp,.| -] denotes the positive time-ordered exponen-
tial. Further. T:“’{r] and AHY(F) are the nonadisbatie an-
sition operator and energy splitting operator, respectively, in
the Heisenberg representation; see the Appendix. As the su-

A kvantumos korrekcid

jectory. The quantim character of the formmla (23) can be
retained by taking the semiclassical limit" such that the cor-
relation fimction is symmmetric in fime and the rate obeys
detailed balance

q

= = ; ) (2
Ton = T esp(= (ML) (Dol @

where C({{1,}) is the Fourier transform of the nonadia-

batic transihon comrelation fimction
c=| u:c-s[ | 800 0ir ;dT] T ) Tanl0)) . (23)
| Jo ! g

taken at the frequency ({1 %.. The superscript has been
dropped for notational convenience. The nonadizbatic transi-

Az eredmény

loweer surface mnwvolved in the mansition. Note that, although
the correlation fimction in Eq. (25) is defined in terms of the
trajectories of a purely classical solvent, the gquantization of
the fast solvent modes—mamely the librations—are meluded
1 the final formmla (24) for the rate by means of a semiclas-
sical symmetnzation factor. In  the quanfum  limit
B b sE 1, this amounts to a comrection by a factor of 2
with respect to a careless application of a classical limit di-
rectly in Eg. (23).%7
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Szemiklasszikus MD moddszerek

A magok, melyeket kozelitd médon kvantumosan reprezentdlunk
egy potencidlfeliileten mozognak.

Legegyszerubb modszer Heller nevéhez fizodik. Neve
szemiklasszikus vagy hullimcsomag modszer. A modszerben a
magok egy klasszikus potencialfeliileten mozognak (az

elektronikus szabadsagi fok nincs beépitve).

A moddszer neve kvantum trajektéria modszer, ha az elektronikus
szabadsagi fok is be van épitve.

A Heller-féle hullamcsomag-modszer
Célja: klasszikus leiras hibdinak korrekcigja, amellett, hogy a
klasszikus mechanika egyszerli implementiciojat megtartja.
Alapelve: mivel a magok nehezek, a kvantumeffektusokat ezért
alapvetden a klasszikus mozgéas korrekcigjaként kezeljiik.
Alapotlet: Heller nevéhez tuzdodik. Gauss-hullamcsomagok
hasznalataval sikeresen szamolt fotoabszorpcios spektrumot két
Born-Oppenheimer feliilet kozott.

A madszer dltaldnositasa MD szimuldciokra (Singer, 1982):

A teljes hullamfiiggvény szorzat alaku:

y(r.n=]]e .0 (2/11)

ahol az egyes részecskékre:
g,(r.1)= exp{%ai(f)\zi —r, (0] +p (D) =1, ()] + bi(f)} (2/12)

ahol a;(¢), bi(¢), ri(t), pi(t) paraméterek.
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ri() a hullamcsomag kozepét (varhatd értékét) jelenti,
hasonldan a p;(7) pedig a hullimcsomag impulzusdnak varhat6
értékét:
1, (0 =(¢,(r,.0|r;|4,(r,.1)) (2/13)
és

p.(0)=((r.1)

h
~V.lo(r.0) (2/14)

a;i(?) és bi(r) komplex szamok, amelyek idobeli fejlddését az
1dOfliggd Schrodinger-egyenlet szabja meg.

Idobeli evoliicio:

Bevezetiink egy egytest potencialt (feltételezve valamilyen
formdju additiv kéttest potencial 1étezését)

GRS CIGRILGEINI PN (2/15)

Az egytest potencidl bevezetésének oka: igy szeparalhatova
valnak az egyrészecske Schrodinger egyenletek!

A hullamfiiggvény minden Gauss-csomagjara fenn kell dllnia az
1d0fiiggd Schrodinger-egyenletnek:

.. 0 n” o,
lhg@(l’i’t) = _ﬂviﬁ-(fnt) +Vi(fi’t)¢i(fi’t) = Hi@(fi’t) (2/16)

Az 1dofiiggd Schrodinger egyenlet varidcios elv szerinti felirdsa
(Dirac-Frenkel-McLachlan egyenlet):

. . 2
A _[d rliny = Hy|" funkcional minimumét keressiik a

¥ variaci6iban, azaz a paraméterek 1dOszerinti derivaltjainak
megfelelden.

A variaciészamitas a a;(t), b;(t), ri(t), pi(t) paraméterek idobeli
fejlodéséhez vezet (mozgdasegyenlet).
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r()=p()/m (2/17)

P, ==, (ri,n\V, vi(ri,0) ¢,(ri,0)) (2/18)
a (t)=..
b(t)=...

Elony: a hullaimcsomagok a klasszikus trajektoria mentén
haladnak, de a trajektoria Dirac d-fiiggvény jellege megsziinik,
igy nem sérti a Heisenberg-féle hatarozatlansagi relaciot.

Eredeti feltételezése: a Gauss-csomagok nem valtoztatjak a
szélességiiket — ez a feltételezése beépithetd az 4ltalanos
formalizmusba is (FGA, Frozen Gaussian Approximation).

A potencidl (pl. Ne-Ne pdrpotencidl):
vi(r,1)= vaﬂ (r; —r)@, (r)@,(r)dr, (2/19)
l

Megjegyzés:

(2/19)-ben realisztikus parpotencial (pl. Lennard-Jones
potencidl) szerepel. Ez azonban — szingularis viselkedése miatt —
nem j6 az integralban, ezért Gauss-fiiggvények linearis
kombinéacidjaval kozelitik, ami viszont mar jol integralgato.

ri—ri|?) (2/20)

G
Vi

m
r —zl‘ =ch exp(—d,
n=l
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A semiclassical molecular dynamice methed based on the approximate
variational solution of the time-dependent Schridinger equation with gauss-
ian wave packets [1-3] has been applied to the simulation of liquid, solid and
gaseous nean. The technique is computationally stable: the wave packets do
not spread and the conservation of energy is excellent. With a suitable choice
of the pair potential fairly satisfactory agreement with the experimental
energy and pressure is obtained. The radial distribution functions exaggerate
the quantum-mechanical broadening effect. Diffusion constants are in fair
agreement with experiment and lower than those of the classical Lennard-

Jones liquid.

A potencial:

Table | Comparisen of the Lennard-Jones (12-6) potential for neon with a three-te
gaussian spproximation, F{r), Lennard-Jones potential given in table 1; H'(r), 1
three-term gaussian approximation (equaton {221

Fi N, Firyd N, Wirg r'a N, i J Wirl/J
052 1310 1304 1-75 41-1 41-2
95 5069 G047 180 i4-9 34.0
1-04 R = 020 1:85 208 297
1-05 2317 1359 1-54) 25-5 254
1-10 10H)-B - J02-1 1-95 219 218
1-15 J00-3 - 198-5 2-00 18-8 18-8
1-20 272:6 269-5 2:05 163 16-3
1:25 - 2367 2340 210 14:1 14:2
1-30 2010 - 199-5 215 12-3 12-5
1-35 168-7 = 16E8-4 2-20 10-7 109
1-40 | 409 —141-4 2-25 - Q-4 —0-6
1-45 - 1175 118-5 2-30 . O 83
1-50 980 9.1 2-35 T2 75
1-55 LR —R2-8 2-40 Bed &6
1-60 -5 —69-3 245 56 =359
1-65 57-6 - 561 1:50 - 5-0 - 52
1-7 A8 —48-8

N, = Avogadro's number
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Termodinamika:

Table 3. Thermodynamic properties.

4 LT (PE; {KEY CED i {xty
K

mlmol ™" Kfmol~! kjmol™' kimol™! Mpa 107 ¥m?

WAL 1620 252 —179 064 -115  —108 22
CLJ 16-20 252 —1-80 0-31 =149 —13-3 =
EXP 1620 252 - — -1:26 17 -
WAL2 1840 343 =1-56 0-74 —0-82 -2 24
CL] 180 343 —157 0-43 —114 14 e
EXP 180 343 - - — 097 66 -
WAS] 130 20-8 =235 065 —1-6% 1 2-0
EXP 137 208 — - ~176 00 -

WAGH 7210 286  —009 042 033 03 134
CLJ 7210 286 —006 0-36 029 03 -
WUALI 1616 M8  —181 074 -1:06  —298 32
CL] 1616 48 —1-80 0-31 —1-49 =132 =
EXP 1616 248 - - —1-28 09 -
WHBL1 1616 248  —198 067 -1:3 ~36 21
CL] 16:16 24-8 - 1-80 031 =149 —-132 —
EXP 1616 248 — -1:28 0-9 -
WBL2Z 150 30 —172 075 — 098 -02 22
CLS 18-0 330 —139 041 -1-1B —4-4 -
EXP 180 330 - — ~059 18 -
WES1 137 w1 =143 066 ~1-79 g2 18
EXP 137 01 - — ~1:78 00 -

WA .., WE ..: GWP-zimulations with potentials determined according to methad [A)
znnd (B) respectively,

L = liguid, 5 = zolid, G = gas.

Columns 4-8; potential energy, kinetic encrgy, total energy, pressure, WE-width.

The pair potentials in the (A)-simulations correspond to these widths,

Szerkezet:
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Figure . Radial distribution functions: ————, centre—centre; ———, WP-WP for
WERL1 (I, = 16-16m], T = 24-8 K). Abscizssae in figures 2-5: v/,
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Transzport tulajdonsagok: diffuzids egyiitthato

Semiclassical dynamics 773
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Figure 6. Velocity autocarrelation function for WBL1 (', = 1616, T = 248K},

by integration of the centre of mass velocity autocurrelation function

e
D=lim 4 | wi0) . v(r) de'.
p= i)
In table 4, these D-values are compared with self diffusion constants derived from
the experimental data of Bewilogua et al. [19] and with those for the classical L-]
liquid obtained from the interpolation formula of Heyes [20]. The classically and
serniclassically simulated values are respectively higher and lower than the experi-
mental ones (with one exception). In view of the margins of error a detailed
comparison does not seem justified, Tt is nevertheless probable that the diffusion
constants obtained with the (B) poatential are too low,

Table 4. Self diffusion constants.

Vo T Dhep Dy D
ml/mol K 107%*m¥s 107%m¥/s 107 ¥ m?s
WALI1 1620 25-2 116 1-31 093 £ 01
WAL2 15-0 343 260 30 277+ 02
WAGH T21:0 286 1820 2160 —
WBLI1 16-16 248 0-62 (0-86 0-83 + 01
WRBL2 18-0 330 2-08 2-64 2354+ 02
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