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Simulation of diffusion phenomena by
MOLECULAR DYNAMICS METHODS
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RELATIONS between DYNAMIC PROPERTIES

of MATERIALS
(rilexation Functions, DIFFUSION and other TRANSPORT

coefficients) and the
PHASE TRANSITIONS theg underao (n.a.PHASE SEPARATION)
+ bypical makeriols CONTAN SEVERAL COMPONENTS

= (NTERD(FFUSION is an issue
0.g- POLYMER MIXTURES or SOLUTIONS (2-9. C%choa)

multiscale simulabion problem (many decades of length+time!)
g INORGANIC GLASFORMERS (1q.5i0, +AL, 05)

$romy COVALENT RONRS +o MEAWM RANqE ORRER to LONG RANGE
CONCENTRATION FLUCTUATIONS ... \
CTATUS of MULTISCALE MORELIN = solvable for SIMPLE MOREL
SYSTEMS combindtion of MONTE CARLO and MOLECULAR DYNAMICS
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Phase diagram of CO,+hexadecane
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Experlmental Phase Diagram
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CRITICAL BEHAVIOR OF BINARY MIXTURES
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CRITICAL SLOWING DOWN OF FLUCTUATIONS
"Conventional [VAN HOVE] theory:

INTERDIFFUSION COEFFICENT D, g = A(M/%
VAN HOVE : A (Te) finike = D, q o< (117, =1)¥
selfdiffusion constants D‘f ‘D;
viscosity m

ELUID MIXTURES ¢ Van Hove Haeorq s WRONG Y

Mode coupling theory (Kawesakt et 611970 -1995)
Renor mali 2etion ‘rour (Si“it, HC\M&,H.‘\“&f;‘S?“)} -_—-'>
Experiments (Burstyn  Sengers 1982)
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CRITICAL DYNAMICS FROM SIMULATIONS 2

Difficulby: CRITICAL SLOWING DOWN makes EQUILIBRATION
SLOW and causes LARGE “STATISTICAL' ERRORS due to strong
corrtlations bebween subsequenbly generated system configurations

SYSTEM of size L™ et T, : relaxation time T oc =
z= "DYNAMIC CRITICAL EXPONENT "

only states separated by times of order T along @
trajectory are statistically indepindent ¥

LIRUID BINARY MIXTURE:
MD (strictly microcanonical entemble mtdd.'.)\z_ .-;-:3'

MC (cqnoni'e NA NBVT ensemble) I% ~ "ll («lzf':i): van Hove )

§GMC (semi-grandcanonics apn NVT enemite ) “|222]

—> equilibrake sqstem by SGMC:onsemble of tnitiad chates for MD .




Model system and simulation ‘l:ednmque; Py
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E‘uj'li‘bratton +irst MONTE CARLO in canonical engemble
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,_ PHASE DIAGRAM OF THE
peak positions o  cympevRIc RINARY LI=MIXTURE
P(xk) "i.l‘ S I N S e N T T TR T L S N D N LI I

b | )

(prelimin ary) e[
estimates of the |
two branches of Iy
the ouastence curve 14

oex () (oex (2
XA " XA |

£ul) curve : Povesr Law 1.3 L
£t with x,.=9/2 , 020825 [

Il
A
—
nNo

o

e e e e e S  — ——— S S — ——— e [t e —— — o —

| |

Ill_l_l

A -x°= 1.2 b
=+ B-T7THP - f
- ) h;:l IR [ R IR L1 l ;[ ] ll}ﬁ ]
=T, =102 1G04 x 06 08 1




FINITE SI2E SCALING ANALYSIS: T.* found from
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Test $or Lsing
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SHEAR VISCOSITY FROM GREEN-KUBD RELATION
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INTERDIFFUSION COEFFICIENT FROM GREEN-KUED RELATION
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NAIVE ANALYSIS: Log-log plot of "fw deta" for
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ONSAGER COEFFICIENT from the Grem-Kubo wnalysis
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FINITE SIZE SCALING

PART OF THE ONSAGER COEFFIUENT
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CONCLUSIONS
» Combining SGMC (for equilibrating an ensemble

o - g W)

of initig) states, and wceurate data on chatic propecties)
and microcanonical MR (no artifacts from thermostats!)

amn G ar G @ oM @ G @ e

itis possible to study the dynemicsef binary mixtures

INCLURING THE CRITICAL RECION
(approach (s gimilar in spirit o SPIN RYNAMICS cimulations
of criticql tgmmm ot ma’l\d:(c sgshms:D.l’. LANDAV et a.)

o For UNDERSTANDING THE RESULTS one must consider
FINITE $I2E EFPECTS and NONCRITICAL BACKGROUND termy
(it pays off to puy atbuntion to wrresponding analytical Hno.-y)

* Thy quneralization to CHEMICALLY REALISTIC MORELS OF
M ACTUAL MATERIALS rtmains ¢ challenge for the fubure



