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Molecular Dynamics of Binary Fluids
in the Region of the Critical
Mixing Point

1. The Static and Dynamic Behaviour

CLAUS HOHEISEL

Lehrstuhl fiir Theoretische Chemie, Ruhr-Universitdt Bochum,
D 4630 Bochum, Federal Republic of Germany

(Received November 12, 1979)

In this second part of our report we continue the description of our molecular dynamics (MD)
investigations on partially miscible binary fluids near the critical mixing point.! Whereas our
first article has reported the basic aspects of our attempt to simulate near-critical states, the
present paper describes and discusses the entirely calculated results of our simulations.

The three binary fluids, CH,/CF,; Ne/Kr; He/Xe have been considered for an MD-simula-
tion including the wider vicinity of the critical mixing point. The thermodynamic and transport
properties of these mixtures were satisfactorily reproduced at the region outside the critical
point,

Near-critical conditions for the model systems were indicated by an increased correlation
length and a slowing down of the relaxation processes. The behaviour of these quantities is in
essential accordance with the experimental data for similar near-critical systems.

Changes of the pair-distribution functions showed alterations of the microscopic structure
of the systems in the region of the critical point. The self-diffusion coefficients, however, exhibited
no anomalies at near-critical conditions according to nmr-measurements on binary liquid
systems. Apparently, we have for the first time succeeded in describing theoretically a near-
critical state of binary fluids.

1 INTRODUCTION

In continuation of our first paper! we present here the results of our molecular
dynamics calculations (MDC) for the three binary fluid mixtures CH,/CF,
(system I) and Ne/Kr (system II) and He/Xe (system III) based on (12-6)
Lennard-Jones (L-J) pair-potentials. The goal and the fundamentals of
our studies are discussed at length in part I' (see also Ref. 2).
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TABLE 1III

Pressure for system I11 calculated by MD and the
R-K equation of state:

He/Xe (x; = 0.5)
plglem?] T[K] Pyp [bar] Pg_x [bar]

1.2635 335 815 700
1.3291 315 825 700
1.3645 305 815 700

between these values is satisfactory for the complete concentration range
and at various temperatures. We conclude that for the latter systems the
simulation is in accordance with experiment, since we believe that the R-K
pressures presented in the tables show only negligible deviations from the

experimental values (see part 1).’

2.2 Static pair-distribution functions

Due to the three different pair-potentials for the mixtures we have to com-
pute three PDF, g,(r), g12(r), g2(r), which are shown for the equimolar
composition of the Ne/Kr system in Figure 1.
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FIGURE 1 Static PDF for an equimolar Ne/Kr fluid mixture: —— Ne-Ne, ---- Ne-Kr,

——————— Kr-Kr.
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The positions of the main peaks of these static PDF do not vary with
temperature and concentration owing to the relatively fixed average-
distances of nearest neighbour particles in liquids. This is however not true
for the second and the following maxima of the g,(r) functions. For these
higher coordination shells, the distances between neighbours are more
flexible, and variations of the concentration can lead to changes of these
distances, i.e. can shift the second peak and higher ones. We display the
shifts of the first and the second peak of system I as function of concentration
in the Figures 2 and 3. The positions of the peaks of the pure components are
chosen as reference values. From the figures we can see that the second line
undergoes a remarkable shift, while the first one is constant. Near the critical
temperature the situation is not changed for the main line but for the second
one, at least in the case of the neon-component. There is a maximum shift at
the critical concentration in the case of Ne, and for Kr we observe a constant
shift beyond the critical concentration.

The next near neighbours of the same kind appear to alter their distances
under near-critical conditions rearranging the liquid structure for the larger
molecular distances. This accords with the characteristic increase of the
correlation length found in real near-criticalf binary systems.

Our calculations on system I may support these results. The methane
main peak shifts analogously to the neon peak of system IL3 From the
temperature-dependence of the shifts it is additionally derivable that the
first line of the methane-component remains essentially constant, whereas
the second line exhibits a large shift at the vicinity of the critical temperature.

Studying the molecular structure by means of g(r), we can specifically
research the coordination numbers of the coordination shells in liquids.
These numbers define the number of, for example, nearest neighbours (1st
shell) or of the next near neighbours (2nd shell), which are expected for an
arbitrarily chosen molecule of the system. For mixtures we have three of
such numbers n{, n'3, n (k = 1, 2). The absolute values of these coordina-
tion numbers depend on the method applied for their determination. In
order to compare absolute numbers, the method of computing these values
has to be described.*"*

Here we have evaluated the number of nearest neighbours n{", and that
of nearest plus next near neighbours, n{*), by integration of the g(r) over r
up to the first, resp. up to the second minimum.®

This way of calculating seems to be most fruitful for MDC, for the minima
of g,(r) are well perceptible in most cases. However, this procedure yields
maximum values for n{¥ often larger than those defined by the cells of a close-
packed cubic lattice.*

t For the definition of ** near-critical ” see part 1.!
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FIGURE 2 Relative shift of the first peak of the static PDF for both components of the Ne/Kr
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FIGURE 4 Number of neighbours up to the first and up to the second coordination shell for
the Ne-Ne and Kr-Kr distributions in the Ne-Kr mixture.

The n{") and n{® calculated as functions of concentration at non-critical
temperature for system II are plotted in Figure 4. The curves are graphically
drawn from about 30 points each.

As expected for an “ideal mixture,” the curves are roughly proportional
to the corresponding mole fraction of the components.®> With respect to
critical conditions the following observations are, however, of interest:
For the first coordination shell the neighbour particles of the same species
are by no means equally distributed at x = 0.5. The point, where the number
of neighbours of one species equals that of the other, is obtained by the crossing
point of the n{” and the n curves, and we shall call it the “equidistribution
point” (EDP). This EDP is in this case congruent with the critical composi-
tion, x; = 0.63. The second coordination shell likewise contains different
numbers of neighbours at x = 0.5, but here the EDP has already decreased
to x, = 0.55. That is, for this non-ideal mixture the number-ratio of the
neighbours reaches the total mole fraction of the mixture only within the
higher coordination shells. In the above example, we may certainly expect
that the EDP occurs at x; = 0.5 for the third coordination shell (k = 3),
though we have not attempted to perform detailed calculations on this.?

The results on system I show an analogous behaviour of the n®), although
only the temperature-dependence is investigated. From Figure 5 it can be
seen that n{" falls in line with n%" within the error-bars of that calculation,
indicating the equal distribution at critical concentration. The right-hand
side diagram of Figure 5 additionally shows that n{? is always lower than
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FIGURE 5 Number of neighbours up to the first and up to the second coordination shell for
the CH,-CH, and the CF,-CF, and the CH,-CF, distributions in the CH,/CF, mixture.

n'?): the EDP is shifted. Our calculations on system III also support these
findings.

Explanations for this are offered by considering the very different energy
potential functions of the molecules involved in the mixture. Specifically, the
differences pertaining to the volume parameters generate non-proportional
distributions within the lower coordination shells. In other words: the higher
the volume-differences of the component molecules, the higher the deviation
of the local particle number ratio of the lower shells from the total mole
fraction of the system.”

It is furthermore likely, that the EDP is an appropriate starting point for a
binary system to aggregate clusters of particles of the same species, since both
kinds of molecules have already the maximum number of particles of their
own kind as nearest neighbours. A mixture with this equidistribution seems
to be more apt to become critical than mixtures of other compositions. In
view of this it is reasonable that for partially miscible binary fluids the critical
concentration falls in line with the EDP of the first coordination shell.

For the near-critical temperature of 170 K we have calculated diagrams
similar to those presented in Figure 4. However, the concentration value of
the EDP of the second coordination shell shifts with temperature. Un-
fortunately the diagrams could not be established for a row of temperatures,
since the computing time is extremely large for only one of the diagrams. To
cope with this problem we accurately calculated the diagramsfor215and 170K
only and carried out a few calculations with less accuracy to determine
approximately the EDP at 230 and 200 K. We display in Figure 6 the
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FIGURE 6 Shifts of the EDP for the second coordination shell.

relative shift of the EDP of the next near neighbours as function of temperature.
The relative shift is measured as the positive difference of the mole fractions
of the n'-EDP and the n'?-EDP. It is evident from this Figure 6, that near the
critical temperature the shift is small, whereas for non-critical temperatures
it is appreciably large. That is, for non-critical states the ratio of neighbours
of the second coordination shell resembles already to what is expected from
the total mole fraction of particles of the system. In contrast to this, for the
near-critical state the ratio of n{") and n$’ still persists to the second shell, and
is thus considerably removed from that of the total concentration in this
case, x; = 0.63. The system shall therefore need the higher coordination
shells to reach the ratio of neighbours proportional to the total mole fraction.
This spatially extended structure of the g(r) functions characterizes the
increased coherence length of the system at near-critical temperature.®

From these results we attempted to derive an estimation of the coherence
length for non-critical and near-critical conditions. We applied two methods,
which generated values in good agreement of each other. Firstly, the con-
centration-shift of the EDP was extrapolated to the total concentration;
secondly, the local concentrations in the coordination shells computed with
respect to the n{') and n'? values were extrapolated to the total mole fraction
of the system.

Obeying the first procedure we plotted the concentration coordinate of the
EDP of n™® against the order (k) of the pertaining coordination shell. The
extrapolation towards equimolar concentration, x = 0.5, then indicated the
required number of the shell, i.e. the corresponding radius as correlation
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length of the system. We carried out this extrapolation for 200 K (non-
critical) and 170 K (near-critical). Referring to the second more reliable
method the local mole fractions of the numbers of neighbours of both kinds
of molecules, defined as
n
n + i
and

)

were drawn versus the order of the pertaining shell (k).

Linear extrapolation to the critical concentration, x; = 0.63 (x, = 0.37),
then yielded the order of the shell, i.e. the correlation length we were inter-
ested in. This second method was applied to the non-critical and near-
critical state, but was additionally used for both components. The coherence
length ¢ resulting from method 1 was in essential agreement with the two
values of & derived from method 2. ¢ is about 10 A for the non-critical state
and about 30 A for the near-critical state. The fairly large values of ¢ at non-
critical temperatures seem to be justified due to the very different molecules
contained in this system (see above).

Assessing the approximation of the *“pseudo-critical” temperature 77 of
the model system to be about 2 K, we obtain an increase of the coherence
length by a factor of 3 when lowering the temperature from T7 + 40 to
T + 2K.

The tendency of an expanding coherence length depending on the ap-
proximation of the critical temperature agrees with results of scattering
experiments on binary liquid systems. Most of these measurements have
been performed at the immediate vicinity of a critical point, and here an
increase of a factor 10-1000 is ascertainable.®

There exist, however, a few experiments for the near-critical region, which
are already reported in part I.! Those experimental results are in excellent
accordance with our data from MDC. The correlation length of the liquid
system Aniline/Cyclohexane is enlarged by about a factor 5 (varying from
8 A t0 42 A) when Tisaltered from T, + 40to T, + 2 K.*°

The agreement is in fact enhanced, if one correctly takes the relative
parameter k = (T — T)/T, instead of T — T.. For a decay of x from 0.176
to 0.0117, the experimental and the model system display the same increase
of & of about the factor 3. Pertaining to both the absolute values of £ and the
relative increase, a better accord cannot be expected including the many
assumptions involved in our estimation of : the extrapolation from only
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two values is not very reliable, although, on the other hand, this extrapola-
tion seems more reasonable for the model system than that including the
third peak of the PDF, since we already have to consider “rounding” effects
for the third peak of the PDF of our finite model system. Nevertheless, the
linear extrapolation is certainly a rough procedure: first, for non-critical
conditions, g(r) disappears exponentially, second, near a critical point g(r)
decays proportionally to 1/r for large r, as is derivable by theoretical con-
siderations (see part I).! With respect to our other approximations we have
however avoided applying exponential or hyperbolic extrapolations.

The results on system I do not have the accuracy sufficient for similar
extrapolations. For system III, we are now in the process of calculating ¢
by another, more precise method.

In addition to these changes within the larger neighbourhood of the
molecules, we have revealed changes of the short range order of the particles
at near-critical temperature for all the mode! systems considered. Figure 7
and the left hand side diagram of Figure 5 show the number of nearest
neighbours as functions of temperature for system I and system I1. For system
I we have given the data in form of interval areas illustrating the estimated
error-bars. From both plots, however, it is evident, that by approaching the
critical temperature the number of nearest neighbours of the same kind of
particles n{!’ rises appreciably. Attention must be paid to the fact that
ntD = i at critical concentrations! Figure 5 additionally contains the
nt}). In contrast to n{"’ and ni" this number decreases approaching the
critical temperature. For the systems II and III the decay of n!}) was also
noticeable, but not so distinct.

Our theoretical indication of the preference of like pairs of particles

i}
70 Ne/Kr
x4, =0.63(crit.)
6.0
Tcrit
50 1 1 1 1 | 1 1 I 1 -
’ 160 200 240
TIK

FIGURE 7 Number of nearest neighbours for the Ne-Ne and Kr-Kr distributions.
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among unlike pairs supports results of nmr-measurements on the binary
liquid mixture Aniline/Cyclohexane at the- vicinity of the critical solution
point.'! The authors of this study had concluded somewhat speculatively,
that there is a statistical predominance of like pairs over unlike pairs for the
critical mixture.

Apparently our findings disagree with the common opinion that the short
range order of the molecules is not affected by critical conditions.'? To
enlighten this point experimentally it would be worthwhile to study binary
systems quantitatively at the vicinity of the critical point by x-ray and neutron
scattering experiments.

3 THE TIME-DEPENDENT PROPERTIES OF THE MIXTURES

3.1 Self-diffusion coefficients (SDC)

We have calculated the SDC of both components depending on concentra-
tion and temperature for all three systems.* Herein we will only be concerned
with the temperature dependence of these quantities, D, and D,, at constant
critical composition of the mixture. In Figure 8 we display, for example, the
D, of system 11 plotted in a logarithmic scale against the inverse temperature.
The SDC show the expected linear feature, in fact, also near the critical

A 2
sfCcCMm
0- 1052
30
20—
Ne
\.\
10:— T~
= \.
» FrosSs.
~.
- ~
St Ne/Kr
- X1 = 063(Cr|‘)
| Tcrit
| | 1 -
2775 5.0 6.0
1000 /. -
/K

FIGURE 8 SDC of the components of the Ne/Kr mixture.
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temperature. These results on system I1 are essentially in accordance with
those on systems I and IIl. Unfortunately there are no experimental SDC
available for any of the components of these mixtures in the thermodynamic
region considered here. Nevertheless, it is possible to estimate these SDC
values for the non-critical range from data of the pure substances. From
these considerations it seemed to be likely that our theoretical values for the
model mixtures lie within the interval of the values expected for the real
fluid mixtures. This is true for all the systems. We shall, however, not repeat
the arguments here.’

The behaviour of the theoretical SDC exhibits no anomalies near the
critical mixing point of all three systems. This normal temperature dependence
of the SDC in the vicinity of the critical solution temperature has experi-
mentally been found for various liquid mixtures. In contrast to contradictory
measurements on pure liquids!®** for mixtures, the ordinary temperature
dependence near the critical point has been measured.!>-!® The results of
our MDC support these measurements on mixtures for the near-critical
region. They should, however, not be used for conclusions concerning the
direct neighbourhood of the critical point.'’

3.2 Dynamic pair-distribution functions

In MDC the self-term G, and the distinct-term G, of the dynamic PDF are
separately available.''!8 Since G, essentially governs the self-diffusion process
of the system, and we have not obtained any indication of an anomalous
behaviour of the SDC near the critical point, we only attempted to determine
G4(r, t) from our calculations. For simplicity we shall leave out the subscript
d in the subsequent text.

Evaluating the three dynamic PDF G, G,,, G, was one of the extensively
computer time consuming steps of our calculations. Thus we performed these
computations for system II only and considered the temperature dependence
at the critical concentration. Furthermore the time dependence of G was
studied at only three distinct times:

tl = 0, S, t2 = 05 10‘12 S, t3 = 12 10_12 S.

The functions, on the other hand, have been determined with the highest
accuracy, to date available for such a kind of computation. All the MDC
on these functions were done with an 864-particle ensemble and a “cut-off
distance” of r, > 3.36,. The mean-deviation can be estimated to be 1-29%;.

The plots on Figure 9 illustrate the spatial and time-dependent decay of
G (r, t) for near-critical conditions. These plots are drawn from 40-80 points
each.!® For reasons of technical details of our program, we omitted the range
of small r-values. However, for ¢ sufficiently large, the G(r, t > 0) function
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FIGURE®9 Dynamic PDF for a near-critical state of the Ne/Kr mixture.

shows positive values, even at r-values, where G(r, t = 0) = g(r) is already
zero.2® ,

A simple and sound method of studying time-dependent correlations
within the coordination shells of the liquid system is devised by recording
the time-dependent decay of the amplitudes of the G(r, t)-peaks. We have
studied this decrease for the first two lines of all the G{r, t) functions depend-
ing on the approach of the critical temperature. For a non-critical temperature
the time-decay of the peak-amplitudes is displayed in Figure 10. In comparing
the time-decay of the maxima at the different temperatures, we observed a
particular behaviour of the second peak. The amplitude of the second peak
shrinks very little with time in the near-critical range. The main peak be-
haves similarly near the critical point, but not so distinctly. To emphasize
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FIGURE 10 Normalized time-decay of the peak-amplitude of the dynamic PDF at non-
critical temperature of system [I for both components.

0

|
0 5

this strongly altered time-behaviour of the second peak, we have plotted
relative half-lives of the amplitudes versus the temperature on Figure 11.
The relative half-life At , is defined as half-life of the amplitude of the second
peak scaled by that of the first peak.

From Figure 11 it can be seen that At,,, rises appreciably in the near-
critical region, althogh these relative half-lives are plotted only. For both
components the values at 170 K are enlarged by more than a factor two
compared to those at the non-critical temperature of 230 K.

Apparently the characteristic time-constant of the system grows sharply
in the near-critical region. These results go parallel with experimental find-

Aty -10%s 4 4 Ne/Kr
x1=0.63 [critical)

20 10

efrom G,l(r,t)
® @ ofrom G,lr,t)
10 St

oL O 1 L
150 200 250

T/K

FIGURE 11 Relative half-lives of the amplitude of the second peak of the dynamic PDF for
both components of system II.
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ings on other critical systems, where a remarkable slowing down of the
relaxation processes, the so-called “critical slowing down™ has been ascer-
tained.?!

The characteristic time-constant of the system, i.e. the correlation time
of the particles usually increases with decreasing temperature due to the
higher density, i.e. the denser packing of the molecules. However, at liquid-
like densities, this increase is small, as is confirmed by our model calculations
for non-critical temperatures from 230 K to 190 K. Moreover, this natural
temperature dependence of the half-lives should be largely eliminated by
taking the relative values.

The positions of the maxima of the G(r, 1)-lines shift with time, as can be
seen from Figure 9. We present these line-shift relative to the reference line
at t; = 0 in Figure 12. The shift can be ascribed to the variation of the dis-
tribution of particles, which becomes more uniform, more gaussian, as time
passes. The peaks change into a symmetric form varying the positions of the
maxima.'®

Our investigations of these shifts yielded results indicating that the peak-
positions vary only little at the near-critical range in contrast to the non-
critical range. The positive relative shifts referred to the shift at 230 K and
for an intermediate time-interval of 8- 10™*3 s are presented in Figure 13 as
function of temperature. For both components, these relative shifts go parallel
to the curves of the half-lives, increasing noticeably, when the critical tem-
perature is approached. Comparing the plots of the Figure 11 and Figure 13
we have, however, to pay attention to the following facts:

1) The shifts were not obtained as precisely as the peak-amplitudes. Be-
cause of the broadness of the G(r, t)-peaks the positions of the maxima were
often not quite certain. Therefore the plots on Figure 13 essentially indicate
the trends of the shift.

1 |
Gilr.t Ne/Kr Gaie.t Ne/Kr
0.2} 230K 1. Peak 0.2f 230K
x,20.63 . xy=0.63
[ ]
% 1. Peak
0.1+ e 0.1} .
.Mk
0 1 1 > 0 1 1 -
0 5 10 5 10
t-10%/s t-10%/s

FIGURE 12 Time-dependent line-shifts of the dynamic PDF at non-critical temperature of
system II for both components.
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FIGURE 13 Relative line-shifts of the dynamic PDF. The relative shifts have been obtained
as difference values, where the positions of the G; (r,r)-peaks at 230 K are taken as reference.
Time-interval: 8 x 107 '3 s,

2) The absolute values of the shift nearly disappear in the vicinity of the
critical temperature. In order to obtain the relative values we have designated
the position of a computed maximum of a specified G(r, t) peak as g(t, T)
indicating the time- and temperature-dependence. Bearing in mind that our
observation-time-interval is ¢,, = 8- 107 '* s and our reference temperature
is T,, = 230 K, we subsequently get the relative shift from the following
relation:

AT, = (q(t., T) — q(0, T)) — (q(t., T) — q(0, T,))

3) In contrast to Figure 11 the drawings in Figure 13 involve the “natural
shift” depending on the temperature, i.e. on the density of the system. So
the steeper increase of the curves in Figure 11 seems to be reasonable.

Our investigations on the line-shifts are entirely consistent with the find-
ings on the peak-amplitudes. They indicate an anomalous growth of the
correlation time in the near-critical region of the model system. This is
essentially in accordance with measurements of the relaxation time of fluids
and magnetizeable systems.?!-?2

Our MDC on these time-dependent phenomena show, similar to the
computations of the static quantities, that the higher coordination spheres
are predominantly affected by near-critical conditions, but in addition the
short-range order of the system is changed.?

Complementary calculations for the G,,(r, t) PDF have not led to new
results. The time-dependence of these functions is analogous to those of G
or G,, significant changes could not be revealed.
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We have also attempted to evaluate the number of neighbours within the
first two coordination shells. Unfortunately, reliable results for it were not
available from MDC, since the required minima could not be determined
with satisfactory precision. Consequently we have tested another method of
calculating the m{®, however, these values were not comparable to the nf¥)

of the static PDF, and we refrained from interpreting them.

3.3 Characteristic time constants

To date for this or similar systems, there exists no experimental study of the
dynamic structure factor S(k, w) satisfactorily extended to the k-region,
which we are interested in to derive the decrease of the characteristic fre-
quency for the near-critical region. The measurement of dynamic properties
is difficult, and is therfore performed only for a small (k, w)-range and often
very close to the critical point.

Our comparisons with experimental and other theoretical work thus can
only reveal the general trends. In order to obtain an estimation of the “near-
critical slowing down ” of our model system, we have chosen the disappearing
of the second peak of G,(r, t) with time as a measure for t.. The time decay
of the second maximum of G,(r, ) is much slower and provides no reason-
able extrapolation. In this way we obtained in terms of linear extrapolations
towards zero-amplitude the ratio

tnear-cril . near-crit
¢

W ~ 4 Wlth nnear-cril — —Tr__ —_ 102
and y™"rit = 125,

From light scattering experiments the characteristic frequency w, = 1/t,
is available from the half-width of the Rayleigh peak which is extremely
narrowing close to the critical point. This frequency w, falls by a factor
10-20, when # is lowered from = 1.10 to n = 1.01.23 A similar steep decay
is predicted from theoretical work on a ferro-electrical solid system for a
change of  from 1.4 to 1.05.24

Hence it appears that our model system exhibits approximately a “slowing
down™ fairly comparable to experimental systemis in the vicinity of the critical
point.

Ideally we wish to extrapolate critical exponents from our MDC to base
the comparisons with experimental data on these numbers. However, to
do so, we have to know precisely the pseudo-critical point of our model mix-
ture and we necessarily have to perform computations very near to this point.
Neither was possible within our present calculations. We believe, however,
that it can be achieved, if additionally the specific heat of the system is cal-
culable.?®
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4 Discussion and conclusions

The present results of our model calculations shall finally be discussed in
terms of the following two aspects:

a) To what extent we have succeeded in simulating the “real” mixtures
by the models: far away, and fairly close to the critical mixing point.

b) Which forthcoming results for the near-critical states could be ob-
tained by these computations.

One assumption for a successful simulation of a mixture is the satisfactory
model-description of the corresponding pure fluids. We have accomplished
this condition for the systems II and I completely, for system I partly. It is
obvious that this exclusively holds for the thermodynamic region considered
here.

The properties of the model systems agreed satisfactorily with those of the
experimental ones at non-critical conditions. Near-critical conditions for
the model systems were expected for the region of the pertaining experimental
systems. The increase of the coherence length and the characteristic time-
constant as well as changes of the microscopic structure of the model system
clearly indicated the vicinity of the pseudo-critical state.

Further indications on the fact that the present calculations have simulated
near-critical states can be drawn from two additional assessments:

Firstly, an anomalous increase of the number of nearest neighbours by
approaching the experimental mixing temperature could not be observed
in MDC at non-critical compositions.

Secondly the MDC far below the critical temperature within the experi-
mental two-phase region of the systems either did not converge to a stationary
state or led to badly reproducible results for all concentrations near the critical
one. Nevertheless, we tried to derive the tendencies of the behaviour of the
SDC and PDF at this region. From pilot-calculations on system I we ob-
tained a different slope for the (log D — 1/T)-plot in this range compared
to that in the homogeneous region. Furthermore, the correlation length
of the system Il and III as well as characteristic time constant seemed to be
smaller in this region than near the critical point within the homogeneous
part of phase diagram. The values tended to approach the level which had
been computed for the non-critical region far above the critical point.

Further evidence showing that the model system is really studied at the
vicinity of the critical phase separation has been worked out through the
approximate calculation of the Gibbs energy of the model system II. We
have, in detail, described the main features of this calculation method in
Ref. 5. However, the results are graphically repeated in Figure 14. The
characteristic term of the molar Gibbs energy of the mixture is plotted
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FIGURE 14 Molar Gibbs energy GX(see Ref. 5) versus x, at 165K.

against the concentration at a constant temperature of 165 K and two near-
critical pressures. In the region of the critical composition the plotted func-
tion exhibits a curvature concave to the x-axis, which characterizes phase
separation of a binary liquid mixture.?® For a temperature of 170 K, in turn,
the concave curvature of the functions nearly vanishes. This points to the
homogeneous region of the system. The 170 K curves were calculated with
lesser accuracy and were therefore not included in Figure 14.

With respect to all our comparisons and assessments we conclude that
the present model calculations have simulated near-critical states for binary
fluid systems on the basis of L-J effective pair-potentials. Forthcoming
MDC on system I will be applied to evaluate critical indices, at least for the
static quantities.

Though the experimental determination of the quantities calculated herein
will involve essential difficulties, direct experimental evidence for our
theoretical findings could be achieved by modern x-ray and neutron scatter-
ing measurements on these or similar systems.

As one remarkable result of our theoretical studies it turned out that the
short-range order in a mixture is significantly affected by near-critical con-
ditions. These changes seem to be small, but were discovered for all the
systems. [t is hard to believe that these results could ensue artificially from
the microscopic size of our systems, for especially the first coordination
shell should not be affected by “rounding” as long as the correlation length
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is not considerably enlarged very close to the critical point. In connection
with this, it is interesting to investigate the alterations of the short-range
order of fluids at the direct vicinity of the critical point.

We hope and expect that in the future much larger systems may be handled
by molecular dynamics to enable us to study fluids very close to a critical
point, too.
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