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Abstract — In the present survey some important trends in the
high-pressure thermodynamics of fluid mixtures of non-electro—
lytes are reviewed,the accent being on selected results for
polar mixtures that have been recently obtained in our labo—
ratory.

First the pressure dependence of molar excess functions is
discussed; it can be obtained from a knowledge of the molar
excess volume V as a function of pressure, temperature, and
composition. Results for binary systems consisting of strong-
ly interacting components (e.g. triethylamine + trichlorometha-
ne) are presented and attempts are described to determine the
hydrogen-bonding parts of the molar excess volume and from
these the equilibrium constant K and the standard reaction
volume ArV° for the formation of the hydrogen bond.

The pressure dependence and critical phenomena of liquid-gas,
liquid-liquid, and gas-gas equilibria will be shortly reviewed
and some new data will be presented. Here phase separation
phenomena in binary as well as ternary systems will be consi-
dered, the accent being on solutions of alkanols (e.g. metha-
nol, 1-hexanol, 1-decanol, 1-dodecanol) in liquid (e.g. alka-
nes) or supercritical (e.g. C02, N2, CHF3, CC1F3) solvents and
their mixtures. For 1 -decanol + CO2 and 1 -hexanol + CC1F3 the
concentrations of the monomeric and associated alkanol species
in the coexisting phases have been determined separately by
near-infrared spectroscopy (NIR). Methods for the correlation
and calculation of the phase equilibrium data measured are
very shortly discussed.

Finally the significance of high-pressure phase equilibria in
fluid mixtures for practical applications is briefly described
e.g. for fluid extraction and supercritical fluid chromatogra-
phy (SFC).

INTRODUCTION

It is the aim of the present review to discuss some important trends in the
high-pressure thermodynamics of fluid mixtures of non—electrolytes and to de-
monstrate several interesting and sometimes new effects that often allow a
better understanding of the enormous amount of knowledge already obtained at
normal pressure. The present written version of the lecture will have an ac-
cent on recent, mostly unpublished results on some selected binary and terna-
ry fluid mixtures containing at least one polar component that have been ob-
tained in our laboratory at the University of Bochum during the last two or
three years. It will accordingly be a continuation of some older of our re-
view articles in this and related fields (ref s 1-6) covering also experimental
techniques (ref.7) and kinetic investigations (ref.8). Applications will only
briefly be considered; an extensive survey including physico—chemical aspects
can be found in three books (ref s 9-11) and in the proceedings of several mee-
tings or special issues of some journals; for citations see e.g. ref s 5,9-11.

EXCESS FUNCTIONS OF LIQUID MIXTURES AT HIGH PRESSURES

The pressure dependence of the molar excess Gibbs energy , the molar excess
entropy S, and the molar excess enthalpy can be obtained from accurate
measurements of the molar excess volume as a function of temperature T and
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pressure 2 according to the well-known thermodynamic relations:

(a/aE), = (1)

(!IaE)!, =_(a/:)E, (2)

(a!E)!,? (3)

E.Here is defined as

m'E' -1•1('E) (4)

where V(T,p,x) is the molar volume of a mixture of mole fraction x at given
temperature and pressure and (T,p) and 2(T,p) are the molar volumes of
pure components 1 and 2 at given teperature adpressure,respectively. Inte-
gration of equations (1) to (3) yields the change of the molar excess func-
tions between atmospheric pressure and the pressure p for a mixture at given
temperature and mole fractions. For a more detailed discussion see e.g. ref.4.

In order to evaluate these changes it is necessary to measure the excess volu-
mes as accurately as possible. From measurements at atmospheric pressure it is
well-known that direct measurements (where the volume change is observed when
two liquids are mixed in a dilatometer) are capable of yielding higher-preci-
sion results more readily than the indirect method (when the densities of the
pure liquids and their mixtures at known compositions are measured) . Our ex-
cess-volume measurements were performed according to the direct method in a
stainless—steel dilatometer of the batch type, mounted in a high-pressure auto-
clave. The apparatus has been improved several times and is described in de-
tail elsewhere (ref.12). Accuracies for of about ±0.01 cm3 mol1 are ob-
tained. With this apparatus measurements up to a maximum pressure of about
250 MPa were performed on many aqueous and non—aqueous systems; for references
see e.g. refs 12, 4.

Here only one example will be treated in somewhat more detail that is within
the special scope of this Conference. Very recently an attempt was made in our
laboratory to obtain the hydrogen—bonding part of the excess molar volumes
(corr) of the mixtures (triethylamine or diethylether) + trichloromethane re-
ported in a preceding paper (ref s 13, 14) by substracting the values of the
corresponding model systems in which trichioromethane was substituted by
1,1,1-trichioroethane and which are expected not to form hydrogen—bonds. In
Fig.1 experimental data on the binary systems triethylamine+trichloromethane
(Fig.la; ref s 13, 14) and triethylamine+1,1,1-trichloroethane (Fig.lb; ref s
15,16) are given as a function of pressure for T = 298.15 K. For both systems
all excess volumes are negative and the absolute values decrease with increas-
ing pressure, the absolute values and the pressure dependence of being con-
siderably higher in the trichloromethane system.

Over the whole mole fraction range values of y(corr) were calculated at p =
const and T = const and fitted to the equation:

V(corr)/cm3.mol1 = x(1-x) {A1 +A2(1-2x) 2} (5)

With the parameters A1 and A2 obtained from Eq(5) values of V(corr) in theE
range 0.2x0.8 were calculated and x(1-x)/V(corr) was plotted against
(corr) (ref 15, 16). According to the socalled "chemical theorey" this plot
is expected to show a linear dependence (see ref.17) with the slope S and the
intercept I respectively

S = -(1 +K)/K r and (6)

I = (1 +K)/K rL° (7)

Combing equations (6) and (7) the standard reaction volume ArV° and the equi-
librium constant K on mole fraction basis are given by

= -I/S and (8)

K =—S/(I2+s) . (9)
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Fig. 1. Molar excess volumes as a function of mole fraction x of binary
triethylamine systems at 298.15 K and different pressures

According to the procedure described above these values should correspond to
purely hydrogen-bonding properties. The K-values determined at low pressures
agree reasonably well with data such as obtained from excess enthalpy studies
at normal pressure also using the corresponding 1,1,1—trichloroethane mixture
as model system (ref.18) . The results give evidence for a strong pressure de-
pendence of the K and r!° values. For triethylamine + trichloromethane at dif-
ferent pressures and at T=3Q8.15 K the K and LXrV° values such as obtained
from the plots in Fig.2 are compiled in Table 1. For the isotherm at 298.15 K
and the results in the system diethylether + trichioromethane the deviations
from the simple chemical theory used were more important. For additional data
and details see ref s 13-17. More investigations will be necessary to make sure
whether the pressure effects such as shown in Table 1 are true or produced by
the simplifications of the theory used.

TABLE 1. K and ArV° values for 308.15 K according to equations (8) and (9)
uch as btained from the plot: (1-x) .x/V(corr) against corr)
where (corr) {j((1-x) (C2H5)3N +X CHCl3)-((1-x) (C,H5)3N +x
CH3CC13) } (see Fig.2)

E
0.1 10 20 30 50 75 100 150

K 0.9 0.8 1.5 1 .3 2.2 2.1 2.8 3.9

r0
cm3 mol

—11 —12 —8.4 —8 .5 —6.2 —5.0 —4.8 —3.7

From the V values the molar excess Gibbs energy G can be calculated as a
function f pressure by straightforward integration of Eq(1). This has been
done for essentially all systems where has been measured up to now; for
references see e.g. ref s 4, 12-16. As an example in Fig.3 E(p) -(0.1
MPa) for x=const and=const is plotted against pressure p for the sy-
stem triethylamine+trichloromethane at 298.15 K (ref s 13,14). Since is
negative for this system and is found to be negative, too, G becomes
even more negative with increasing pressure; thus at higher pressures the
mixture becomes less ideal with respect to and more ideal with respect to
\Tj. Such a situation is by no means unusual and has also been found in other
ystems(see e.g. ref.4).

It should be mentioned that can be determined as a function of pressure by
integration of Eq(3). These data can be compared with values measured di-
rectly in a high-pressure flow calorimeter. This technique has been developed
by Christensen et al (e.g. ref.19) and Heintz and Lichtenthaler (e.g. ref.20)
and will be of increasing importance in the future.
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Fig. 2. Determination of K and 1irVO Fig. 3. (Gj(p) - (O.1 MPa))/J.mol1
for triethylamine(1) + ch1orofom as a function of pressure for the sy-
(2) (Rübesamen, refs 15, 16; see stem triethylamine(2) + chloroform
text) (1) at 298.15 K (Kulka, refs 13, 14)

PHASE EQUILIBRIA OF POLAR FLUID MIXTURES AT HIGH PRESSURES

In the past the three different types of two-phase equilibrium in fluid mix-
tures - namely liquid-liquid, liquid-gas, and gas-gas equilibria - have
normally been discussed separately. During the last two decades own systema-
tic investigations, however, have shown that the limits between these three
forms of heterogeneous phase equilibrium are not well defined and that conti-
nuous transitions occur. This hypothesis has been discussed in detail in the
reviews mentioned above (ref s 1-6) where also references are given. Thus the-
re is no need to repeat these phase-theoretical arguments and the reader is
referred to the literature cited.

In the following only some selected phase separation phenomena in binary as
well as ternary systems at high pressures will be considered the accent being
on solutions of alkanols (e.g. methanol, 1—hexanol, 1-decanol, 1-dodecanol) in
liquid (e.g. alkanes) and supercritical (e.g. C02, N2, CHF3, CC1F3) solvents
and their mixtures. Most of these measurements have been performed in our la—
boratorv during the last two or three years and are not yet published.

Our activities have been concentrated on these systems because solutions of
alkanols in liquid and supercritical solvents are of increasing scientific and
practical interest. They are model systems for the thermodynamic and statisti-
cal treatment and understanding of mixtures consisting of a polar, H-bonded
component and a less polar or even unpolar solvent, and thus show interesting
properties such as positive azeotropy and liquid-liquid immiscibility. In
addition methanol and ethanol as well as their mixtures with hydrocarbons ha-
ve practical importance as fuel substitutes and the higher normal alkanols are
of interest for the pharmaceutical and food industries; e.g. fluid extraction
of saturated and unsaturated fats, oils, waxes etc. and their derivatives from
natural products might become a promising separation process on an industrial
scale in addition to the decaffeination of coffee and the extraction of hops,
spices etc. that are already in use.

Methanol + alkane systems

During the last two years liquid - liquid phase equilibria of several binary
methanol + alkane systems have been investigated as a function of pressure up
to 150 MPa in our laboratory, e.g. methanol +hexane (ref s 22, 23), +heptane
(ref.21), +octane (ref.21), +nonane (ref s 22, 23), and+decane (ref s 22, 23).

Very recently the systems methanol + butane and + pentane (ref.24) have also
been studied. As a typical example selected results for methanol +pentane are
presented in Fig.4 where some p(T) curves for x=const (socalled isopleths;
Fig.4a) such as determined in the experiments and some T(x) isobars (Fig.4b)

p/MPa
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Fig. 4. Liquid-liquid equilibria in the system methanol(1) + pentane(2)
(Haarhaus , ref .24)

that have been interpolated from the p(T) isopleths in Fig.4a are given. The
results show that the system exhibits liquid - liquid immiscibility with upper
critical solution temperatures that increase with increasing pressure. The
p(T) isopleths could successfully be fitted to the Simon equation

T/K = T0( (p/MPa) /a + 1)1/c (10)

and the T(x) isobars to the equation

T/K=T0/K+kfy-V (11)

where
y = ax/{1 +x(ct—1)} (12)

= +x(c—1)} (13)

The correlations are discussed in detail in preceding papers (see e.g. ref s
22, 23) where also numerical values of the parameters are given; it is inter-
esting that from the fit n> 3 results. Equations (10) and (11) might also be
promising for the correlation of other demixing systems at high pressures.

From the p(T) isopleths in Fig.4a the critical p(T) curve (which is the enve-
lope of all isopleths) was determined. It is given in Fig.5 where the criti-
cal p(T) curves of all methanol + alkane systems studied in our laboratory are
plotted and compared with some data on other systems taken from the literatu-
re. Whereas for methanol + methane (ref.25) the critical curve starts at the
critical point (C.P.) of pure methanol and tends directly to higher pressures
and lower temperatures, the critical p(T) curve of methanol + ethane (ref s 26,
28) goes through a pressure maximum and minimum successively and then runs
about vertically to higher pressures; thus methanol + ethane resembles a tran-
sition type to a gas - gas equilibrium system of the second kind (see ref s 1 -
6). For all methanol + n-CnH2n+2 systems with 3 n 1 0 the branches of the cri-
tical curves shown in Fig.5 correspond to liquid-liquid equilibria and end at
socalled critical endpoints on the three-phase lines liquid-liquid-gas. It
is an interesting fact that a negative initial slope of the critical curve is
found for the system methanol + propane (ref s 26, 27) whereas this slope is po-
sitive for the other systems. Besides a similar effect exists in alkane+C02
and +SF6 systems (ref.29) and gives a hint for the existence of continuous
transitions between liquid-liquid and gas-gas equilibria (ref s 5, 29). From
an extrapolation of the position of the critical p(T) curves in Fig.5 it has
been recently deduced (ref.24) that in methanol +n-CnH2n+2 systems continuous
critical p(T) curves and gas-gas equilibria of the second kind will again be
found for about n> 30; experiments to check this extrapolation are underway.

1 phase

1 phase

270 280 290 300

x(1)
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Binary and ternary systems containing 1-dodecanol

In the investigations described in this section 1-dodecanol is used as a model
substance to test different gases as supercritical solvents. The phase-theo-
retical aspects, however, will not be discussed here in detail (see refs 30,
31).

In Fig.6 p(w) and p(x) diagrams for binary 1-dodecanol+gas systems at 392 K
(where w = mass fraction, x = mole fraction) are given (refs 30, 31) . For 1—do—
decanol+C02 (Fig.6a) the p(w) and p(x) curves correspond to a typical gas-
liquid isotherm in the critical region, 1-dodecanol and CO2 being completely
miscible in all proportions at pressures above about 27 MPa. The phase beha-
viour of 1-dodecanol+CC1F3 is quite similar showing complete mutual miscibi-
lity at pressures that exceed about 35 MPa (Fig.6b) . In the system 1-dodeca-
nol+CHF3, however, no complete mutual miscibility is found (Fig.6c) and the
mass and mole fractions of the alkanol pass through maximum values with in—
creasing pressures respectively (curvesonthe left). Thus Fig.6 demonstrates
that (comparing these three gases) C02 is the best and CHF3 the poorest
solvent for 1-dodecanol whereas CC1F3 is between them (see ref.33).

These findings suggest the use of CC1F3, CHF3 or another gas as a moderator
for CO2. Such moderators play an important role in fluid extraction whenever
the solvent power or the selectivity of a supercritical solvent (mostly C02)
has to be changed. Systematic investigations with respect to these problems
are underway in our laboratory (refs 30—33) some examples being given inFig.
7. In Fig.7a and Fig.7b the moderator effect of CC1F3 and CHF3 respectively on
the solubility of 1-dodecanol in supercritical CO2 is demonstrated by means of
ternary phase diagrams for T = const = 392 K, the dashed lines being the ternary
critical curves (refs 30, 31) . The results are quite astonishing:
- Although CC1F3 is a much poorer solvent for 1-dodecanol than CO2 the criti-
cal pressure of 1-dodecanol +C02 remains practically unchanged by the addi-
tion of CC1F3 up to rather high mass fractions of CC1F3 (Fig.7a)

- In spite of the fact that CHF3 is a rather poor solvent for 1-dodecanol com-
pared with CO2 the critical pressure runs through a minimum, a maximum and
again a minimum by the addition of CHF3 (Fig.7b).

These findings give evidence that complicated molecular interactions will ex-
ist in solutions of this kind and demonstrate how difficult it is to under-
stand and optimize moderator effects.

Another interesting critical phase behaviour in a related ternary system is
shown in Fig.7c where the isothermal p(x1,x2) phase diagram of the ternary
system 1-dodecanol+hexadecane÷C02 is given at T=const=393.15 K (ref.32).
Here the ternary critical curve runs through a distinct pressure minimum giv-
ing evidence for a typical cosolvency effect in this ternary mixture. Besides
such a behaviour is rather often found in ternary systems where two binary
miscibility gaps with similar critical pressures or temperatures exist (see
e.g. ref.34).

Association of alkanols in supercritical solvents

Some years ago an analytical method was developed in our laboratory to measure
the concentrations of selected components in high—pressure fluid phase separa-
tions without any sampling by near-infrared spectroscopy (NIR). The apparatus
that has been described in detail elsewhere (ref s 35, 36) has recently been
used for the investigation of solutions of 1-hexanol and 1—decanol in supercri-
tical C02, CC1F3 and SF6 at temperatures up to 400 K and pressures up to 70 MPa
(ref.33). With the use of an integrated form of Lambert-Beer's law the total
alkanol concentration was determined from the first overtone of the C—H stret-
ching (1655 - 1790 nm) and the combination (2220 - 2370 nm) modes whereas the
monom concentration was obtained from the first overtone of the 0—H stret-
ching vibration, the difference of both corresponding to the concentration of
associated alkanol species. Some selected results are presented in Fig.8 and 9.

Fig.3 shows four different p(log c) isotherms of the system 1-decanol +C02 at
343.4 K (Fig.Ca) , 362.9 K (Fig.8b) , 382.5 K (Fig.8c) and 402.0 K (Fig. 8d)
where c is the alkanol concentration in mg.cm3. Here the total alkanol con-
centration (indicated by squares) as well as the concentrations of alkanol mo-
nomers (indicated by circles) or associated alkanol species (indicated by tri-
angles) are plotted for the gaseous (three curves on the left) and the liquid
(three curves on the right) phases, respectively. From Fig.8a-d the pressure
and density dependence of these concentrations can be deduced. An important
result is that in the gaseous phase most of the alkanol is monomeric at all
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Fig. 5. Critical p(T) curves
of binary methanol + n-alkane
systems (Haarhaus, ref. 24)
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Fig. 7. Isothermal p(composition) diagrams of ternary 1—dodecanol systems
a. 1-Dodecanol + CC1F3 + CO2 at 392 K (Katzenski, ref s 30, 31)
b. 1-Dodecanol + CHF3 + C0 at 392 K (Katzenski, ref s 30, 31)
c. 1-Dodecanol + hexadecan + CO2 at 393.15 K (Hölscher, ref. 32)
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temperatures whereas in the liquid phase it is associated at low temperatures
(see Fig.8a) but with increasing temperature the monomer concentration increa-
ses and finally exceeds that of the associates (see Fig.8d).

For the system 1-hexanol +CC1F3 (Fig.9) most of the alkanol is associated in
both phases at the lowest measuring temperature (323.4 K, Fig.9a) but the con-
centration of monomers in the gaseous phase rapidly increases with increasing
temperature and exceeds that of the associates at the highest temperature mea-
sured (401.3 K, Fig.9c). For a detailed discussionandadditionaldataseeref.33.

a.
b.

343.3
362 . 9

K 101
K

i2
c(1—canoI/mg .cm3)

c.
d.

332.5K 10' 102
402 .0 K c (1—D.conoI/t'mq. cm3)

Fig. 8a - 3d. Isothermal p(log c) diagrams of the system 1-decanol + carbon
dioxide: Total alkanol concentration, concentration of monomers, and
concentration of associated alkanol (Nickel, ref. 33)
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Fig. 9a - 9c. Isothermal p(log c) dia-
grams of the system 1-hexanol + mono-
chlorotrifluoromethane: Total alkanol
concentration, concentration of mono-
mers, concentration of associated al—
kanol (Nickel, ref. 33)
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Further investigations of this kind are underway (ref.37) . They will be of con-
siderable interest for the understanding of the solubility phenomena of alkan-
ols in supercritical solvents as a function of temperature, pressure, density,
dielectric constant etc. and from a molecular point of view as well as for the
calculation and correlation of these phase equilibria taking into account the
association of the alkanols.

Experimental

ExDerimental techniques and equipments are described in detail in the origi-
nal literature (ref s 21 - 24, 30 - 33, 35, 36). They are also reviewed in ref.7
where the equipments are given for the measurements on the methanol + alkane
(ref.7, p.147) and the 1-dodecanol÷gas (ref.7, p.152) systems as well as for
the NIR experiments (ref.7, p.156); for additional informations and referen-
ces see also ref.7.

Calculation and correlation of fluid phase equilibria

For the calculation and correlation of the phase equilibria and critical phe-
nomena in fluid mixtures at high pressures mainly methods based on equations
of state have been used in our laboratory; for a review with numerous ref eren—
ces see Deiters (ref.38)

APPLICATIONS

Fluid mixtures, especially in the critical and supercritical region, are be-
coming increasingly interesting in many fields. Important applications are
e.g. some new separation methods such as fluid extraction. Here decaffeina—
tion of coffee and extraction of hops with supercritical carbon dioxide are
already used on an instrial scale. For an extensive discussion of these and
other applications see e.g. ref s 9-11, 39-42.

In supercritical fluid chromatography (SFC) compressed gases in the region of
their critical temperatures are used as mobile phases. SFC is of interest for
the separation or purification of low-volatile and thermolabile substances and
for the determination of some physico—chemical properties (e.g. capacity ra-
tios, diffusion coefficients) that are important for fluid extraction (refs.
43 — 49)
As an example some typical SFC chromatograms are shown in Fig.1O for the se-
paration of a mixture of fat derivatives (1 =dodecyl phenyl ether, 2=phenyl
myristate, 3 = tetradecyl phenyl ether, 4 = phenyl palmitate, 5 = hexadecyl phe-
nyl ether, 6 = phenyl stearate, 7 = octadecyl phenyl ether) with supercritical

1+2

Fig. lOa Fig. lOb — —
Low constant density of

High constant 5+6 eluent (p = 0.68 g.cm-3)
density of
eluent (p =

o.32g.cm_3)

0 0 4 6

Fig. 10. SFC traces of a test mixture. Stationary phase: Spherisorb ODS 2.
Mobile phase: C02, 39.5 °C. Mixture: 1 = dodecyl phenyl ether, 2 = phenyl
myristate, 3 = tetradecyl phenyl ether, 4 = phenyl palmitate, 5 = hexadecyl
phenyl ether, 6 = phenyl stearate, 7 = octadecyl phenyl ether (Wilsch, ref s
44, 45)

Fig. lOc

Linear density
orograrnme (for
details see
refs 44, 45)

8 t/min --
t/min —.

8
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carbon dioxide by means of isothermal - isobaric (Fig.lCa, lOb) and isother-
mal - density programmed (Fig.lOc) supercritical fluid chromatography (ref s
44, 45) . At high density of the mobile phase the separation is incomplete
(Fig.lOa), at lower density it is complete but more time-consuming (Fig.lCb).
Thus Fiq.lOa and Fig.lOb give evidence for the fact that with decreasing
pressure the selectivity of carbon dioxide as a supercritical solvent increases
whereas the solvent power decreases. With the density program, however, a good
and rapid separation is obtained (Fig.lOc).

From the isothermal — isobaric experiments capacity ratios k were calculated
according to

cstat stat ROk = — . ______ = (14)—
cm0) mob

stat mob . stat mobwhere c and c are the concentrations of the sample and V and V
the volumes of the stationary and mobile phases respectively and tR the re-
tention time of the substance under test and to the retention time of a non-
retained compound respectively. According to Eq (14) the capacity ratio k is
proportional to the distribution coefficient KsCstat/cmob and, since vstat/
Vmob is about constant, k as a function of pressure is a measure of the pres-
sure dependence of K. Thus k is a highly interesting thermodynamic parameter.

In Fig.11 k is plotted on a logarithmic scale versus density p for all compo-
nents of the mixture separated in Fig.10 (ref. 44). Fig.11 demonstrates that
all k decrease by more than one order of magnitude when increasing the den—
sitffrom about 0.5 to 0.8 g.cm3. In addition Fig.11 illustrates why a bet-
ter separation of the mixture is found at lower densities since some of the
log k(p) isotherms intersect at high densities.

log k

1,6

1,2

Fig. 11. Log k(p) isotherms of the components
0,8 of the same test mixture as in Fig. 10. Sta-

tionary phase: Spherisorb ODS 2. Mobile
phase: C02, 39.5 0C (Wilsch, ref. 44)

0.4

0,5 0.6 0,7 0.8

9/g.cm3

For the determination of binary diffusion coefficients Pi2 the usual separa-
tion column is replaced by an empty capillary tube of suitable length and dia-
meter. With some assumptions the following simplified equation results from
the mathematical treatment

2—r u
= — 1h

+
—

(15)
—12

=
1 (16)

where a2(x) is the peak variance expressed as a length, u the average veloci-
ty of the mobile phase, r0 the inner radius and 1 the length of the capillary
tube.

In Fig.12a 12 data for 1,4-dimethylbenzene in SF6 are given as a function of
pressure p for some different temperatures (ref s 47 — 49) . D12 values up to
2.lO m2.s1 are obtained at the highest temperatures and the pressure depen-
dence reaches a maximum value in the vicinity of the critical point of SF6.
With decreasing temperatures 12 also decreases and becomes less pressure de-
pendent, as it is the normal case for liquids far away from their critical

v Octadecyiphenylether
O Phenylstearat
A Hexadecyiphenylether
x Phenylpalmitat
o Tetradecylphenylether
+ Phenylmyristat
a Dodecyiphenylether
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0.8 1.2 1.6

0.5 Fig. 12b p.103/kg.m3
12 as a function of density P

5 10 15

Fig. 12a p/MPa

as a function of pressure p

Fig. 12. Binary diffusion coefficients for 1,4-dimethylbenzene in SF6
at six different temperatures (Kopner, ref .47, Ellert, ref. 48, ref. 49)

points. In Fig.12b the same data as in Fig.12a are plotted versus the density
p of SF6 instead of versus pressure p. It is remarkable that for densities of
about 1.3 g'cm-3 there is little if any influence of temperature, D12 being
determined by the density of the system only. Thus Fig.12b makes evident that
the 'pressure dependence' of D12 is predominantly a result of density changes.
For a more detailed discussion see refs 47-49.

CONCLUSION

The present review demonstrates that some interesting effects can be observed
in fluid mixtures at high pressures. Here a most important advantage is the
possibility to study physico-chemical phenomena as a function of density and
even at constant densities where the intermolecular distances also remain es-
sentially constant. Owing to rapid developments in experimental high-pressure
techniques, the ranges of temperatures and pressures involved are already ac-
cessible quite easily and at moderate costs.
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