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The equilibrium distribution of dilute solutes between vapor and liquid coexisting phases of 
near-critical solvents exhibits a simple dependence on the solvent's liquid density which extends 
over a wide temperature range; however, theory predicts this dependence only as an asymptotic 
limit. In order to test quantitatively the extension of this behavior and compare it with the value 
predicted from the asymptotic relationship, a novel high-pressure apparatus with a sampling 
manifold, which avoids perturbing the system during sampling, was used to measure the equilibrium 
concentrations of azulene in coexisting liquid and vapor carbon dioxide contained in a high pressure 
sapphire cell. The density and composition of the two phases under equilibrium were determined 
between 283 and 301 K. The linearity of R T  ln KD (KD being the distribution equilibrium constant) 
in the solvent’s liquid density was verified over the entire experimental temperature range, and the 
value of the slope was close to that corresponding to the asymptotic description as calculated with 
the hydrostatic hypernetted chain theory. An explanation for this observation lies in the weak 
temperature dependence of the Krichevskii function for this system; however a full quantitative 
description of the observed phenomenon remains a challenge, which should be provided by 
crossover theory. © 2002 American Institute o f  Physics. [DOI: 10.1063/1.1480862]

I. INTRODUCTION

The possibility of describing the properties of dilute so
lutions over a wide range of the fluid solvent thermodynamic 
states, covering the liquid, the gas and the supercritical sol
vent, is of increasing interest to understand solvation phe
nomena and to use supercritical fluids in several chemical 
processes.1,2 In order to achieve this goal it is important to be 
able to include in the general description the peculiar behav
ior observed in the near-critical region. In this thermody
namic region the solvent’s enhanced response functions, i.e., 
isobaric heat capacity and isothermal compressibility, are 
coupled with solute-solvent interactions to produce a depen
dence of the properties of the infinitely dilute solute on tem
perature and on the solvent density 1 which is different 
from that observed far from the solvent’s critical point.3-6

Japas and Levelt Sengers7 derived the asymptotic linear 
dependence on the liquid phase density which governs the 
distribution of solutes between the coexisting liquid and va
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por phases of a solvent as it approaches its critical tempera
ture Tc . This was an important contribution towards under
standing the behavior of dilute solutions under near-critical 
conditions, particularly because it is difficult to explore ex
perimentally the region close to Tc , where the fluid density 
changes strongly as the critical point is approached. Japas 
and Levelt Sengers also noted that the linear behavior was 
observed to extend more than 100 K from Tc , much more 
than expected for an asymptotic behavior. This feature has 
been frequently verified,8,9 especially for aqueous solutions, 
for which the majority of the experimental studies of solu
bility or distribution of solute between near-critical liquid- 
vapor phases exist. An exception to the extended linear be
havior is the distribution of heavy water between coexisting 
liquid and vapor H2O; the short linear region found for this 
system has been explained in terms of the almost ideal be
havior of the mixture.10

In the study of near-critical binary dilute solutions it is 
customary to classify solutes as repulsive or attractive, an 
alternative denomination is volatile and nonvolatile.11,12 This 
classification makes reference to the relative strength of 
solute-solvent interactions when compared with the 
solvent-solvent intermolecular interactions. The majority of 
the binary systems for which an extended linear region has

0021-9606/2002/117(1)/220/6/$19.00 220 © 2002 American Institute of Physics

mailto:rfprini@cnea.gov.ar


J. Chem. Phys., Vol. 117, No. 1, 1 July 2002 Near-criticality in binary mixtures 221

been reported contained volatile or repulsive solutes, and the 
greatest volume of data is for aqueous solutions. The prop
erties usually determined in the experimental studies are re
lated to the solutes’ chemical potential at infinite dilution 
expressed either as Henry’s constant kH or as the distribution 
equilibrium constant of solute between liquid and vapor sol
vent K d . Moreover, for solutions of gaseous solutes kH and 
K d are calculated from the equilibrium composition of the 
fluid phases. The calculation procedure, when used in the 
near-critical region, is not free from assumptions, which are 
necessary to enable the determination of these constants. In 
spite of careful data treatment,9,13 often there is no direct 
access to the value of these constants; hence it is always 
possible that the observed extended linear behavior for ln kH 
and ln K d could be influenced by the assumptions made in 
the calculation procedure.

An exception to the more frequently studied binary sys
tems is the recent determination of the equilibrium distribu
tion constant K d of boric acid between water and steam up 
to 3.4 K below the solvent’s critical point,14 i.e., up to a 
reduced temperature of Tred= (  T / Tc) = 0.9947. For this sys
tem, which contains an attractive solute, the plot of T  ln K d 
was also found to be linear in the liquid’s density over a 
range 120 K wide. However, in this system the high critical 
temperature and pressure of water is a serious limitation to 
the precision of the determinations.

In the present work we report the results of a very care
ful study of the concentration of another attractive solute, 
azulene, in the coexisting liquid and vapor phases of near- 
critical CO2. The 25 K range of temperatures that has been 
covered extended between 278.17 K and 303.80 K, a range 
of Tred going from 0.9146 to 0.9989.

The paper is organized as follows. In Sec. II we present 
the thermodynamic relations which characterize the near- 
critical behavior and the asymptotic law. In Sec. III details of 
the experimental method are given, in Sec. IV the results 
obtained are presented. Section V is dedicated to a discussion 
of the results in the context of other studies.

II. THERMODYNAMIC RELATIONS AND ASYMPTOTIC 
LAW

The behavior of fluids close to a critical point is most 
conveniently described in terms of the Helmholtz energy A 
of the fluid.7,15 For a binary solution A x , the derivative of the 
Helmholtz energy with respect to the solute’s mole fraction x 
is

Ax 2 1 , 1

where /x; is the chemical potential of the solvent (subscript 
1 , or of the solute subscript 2 ; thermodynamic variables 
are used as subscripts to indicate partial derivatives of the 
functions with respect to those variables. The mole fraction 
of the solute in the liquid phase is denoted by x and in the 
coexisting vapor by y. Dilute solutions in near-critical sol
vents which are in the concentration range in which Herny’s 
law is valid are of the greatest interest because they give 
access to the standard thermodynamic variables at infinite 
dilution, so we shall circumscribe our analysis to solutes in

this standard state. From Eq. (1) the pressure and tempera
ture derivatives of A x for a solute at infinite dilution can be 
calculated, they are12

V ? - V* = v f« ? (  | ) \  (2)

where k * is the isothermal compressibility of the pure sol
vent. For the temperature derivative we have

S ? -  S * = -A x, t+  V  *«**( ^, (3)

where a *  is the isobaric expansion coefficient of the pure 
solvent. Both equations show clearly that V? and S? will 
diverge at the solvent’s critical point, the sign of the diver
gence will depend on the sign of J =  (<?p / d x )T ,V , the 
Krichevskii function, at the solvent critical point. For J >  0 
the solute is repulsive or volatile, and for J <  0 it is attractive 
or nonvolatile.

For the coexisting liquid and vapor phases we have from 
Eq. 1 ,

Ax Ay . 4

Taking into account that the Helmholtz energy may be di
vided into an ideal term and a residual term,16 A = A ld+ A r it 
is possible to write for the binary solution at infinite dilution 
under the condition of coexistence of both fluid phases, 

y
lim R T  ln - = R T  ln K D= A rf - A ry ~ , (5)
x — 0 x

Eq. 5 also gives the definition of the distribution equilib
rium constant K d of the solute between the liquid and the 
vapor phases.

Japas and Levelt Sengers used a classical Taylor series 
expansion to express A x and A y around the solvent’s critical 
point and related them to ln Kd ,7 they did it in terms of the 
variables (S T , 8 VL,x ), where VL is the molar volume of the 
liquid phase and denotes the difference between the value 
of a variable and its value at the critical points, e.g., T T 
-  Tc; an equivalent expression was used for A y in the vapor 
phase. We prefered to expand the function ^  =  (A / V) in 
terms of ( S T ,S p ,p 2), where p is the fluid density of the 
mixture and 2 x the moles of solute per unit volume. The 
resulting expansion is

^ c’r T
R T  ln K d =  ^ C/ ^ ^ P L-  S pV) +  —y ~ ( 8 p l - S p V) ST

c,r

+ - ? ^ [ (  SpL) 2- ( S p V) 2] + - ” . (6)

The superscript c  indicates the value of the superscripted 
coefficient at the solvent’s critical point. In order to write the 
coefficients of the three lower-order terms it is convenient to 
use the Krichevskii function which is also related to the 
Helmholtz energy because J =  (<?p / d x )VT= ~ A xV. J  is not 
strongly affected by the vicinity of the solvent’s critical 
point, hence it is a very adequate function to represent the 
thermodynamic behavior of dilute solutions, moreover it has
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FIG. 1. Experimental apparatus. 1 sapphire cell with piston and stirrer; 2 
coupled pumps; 3 six-way valve; 4 loop; 5 sampling manifold; 6 positive 
displacement pump; 7 carbon dioxide reservoir.

a direct connection with structural properties of the 
solution.1718 The coefficients of Eq. (6) are then

^  'r =  - 2  P2P p2>

c,rP2P T

JT

P2c ’
(7)

1 / 2 J c\
vp-c ,r  =  _  j c -------

P2PP P2 \  P Pc '■

The asymptotic limiting expression can be given in 
terms of the density of the liquid phase pL, this leads to713

2 J c i
R T  ln K d =  —  (p  L- P c ) . 

Pc
(8)

Japas and Levelt Sengers showed7 that this equation repre
sents the asymptotic behavior also for nonclassical critical 
behavior. It is often observed that the linearity of T  ln K d 
with (pL- p c) extends over more than 100 K from Tc for 
aqueous solutions of repulsive7,9,18 and attractive14 solutes. 
Phase equilibrium studies of the same binary systems some
times also provide values of Jc, the Krichevskii parameter; 
the two values of J c are close, but the agreement is not 
always quantitative. This was a strong incentive to measure 
directly K d for an attractive solute dissolved in CO2, a sol
vent that does not require as high pressure and temperature 
conditions as is the case with water, in order to study the 
near-critical region.19

III. EXPERIMENT

Figure 1 shows a block diagram of the experimental ap
paratus used to study the partition coefficient of azulene in 
carbon dioxide. The details of this apparatus will be pub
lished elsewhere.20 The core of the apparatus is the variable 
volume cell 1, consisting of a sapphire tube external diam
eter 15 mm, internal diameter 10 mm, length 150 mm pro
vided with a piston which separates the carbon dioxide- 
azulene two-phase mixture above the piston in the drawing 
from a pressurizing fluid. The operation of two identical, 
back-to-back coupled syringe pumps 2 connected to each 
end of the cell allowed a steady flow of the system under 
study, with a pressure fluctuation smaller than 1.5 kPa. By

means of the six-way valve 3 a calibrated loop 4 volume 
0.634 ±  0.002 cm3) was connected either to the fluid stream 
or to a sampling system 5. The sampling system consisted of 
a high-pressure weighing bottle with a volume of 2.65 cm3 
and a cold trap, both connected to a vacuum pump. Finally, a 
carbon dioxide reservoir 6 was used to load the cell and the 
pump with this fluid, a positive displacement pump 7 deliv
ers liquid solvent to the apparatus, either CO2 or methanol, 
the latter to rinse the loop.

The cell, loop and pumps were maintained at constant 
temperature, within 0.03 K, by means of a thermostat water 
bath. The temperature of the system was assumed to be the 
same as the one measured in the bath, using a long-stem 
platinum thermometer with an accuracy of 0.1 K and a pre
cision of 0.002 K. A pressure transducer (Druck PDCR 921), 
calibrated with a dead weight balance (Ruska) and thermo
stated at 313 K, allowed the measurement of the pressure in 
the carbon dioxide-azulene mixtures with an uncertainty of 
0.01% and a precision of 0.1 kPa. The equilibration and sam
pling procedures were as follows. A solution of azulene in 
carbon dioxide was introduced into the cell from an auxiliary 
bottle where it had been prepared previously. Pure carbon 
dioxide was loaded into cell 1 from pump 7 until approxi
mately equal volumes of vapor and liquid phases were 
present in the cell. The system was then stirred with a stain
less steel encased magnetic bar for about 30 minutes until the 
pressure was constant, i.e., when the pressure attained the 
saturation equilibrium value. Since the saturation pressure of 
the azulene solution was 1 to 2 kPa lower than the vapor 
pressure of pure carbon dioxide at the same temperature, it 
was possible to load the sampling system and the upper sy
ringe pump with pure carbon dioxide vapor at a pressure 
equal to the solution’s saturation pressure. This was essential 
in order to avoid condensation inside the loop while sam
pling the vapor phase. The motor driving the two coupled 
syringe pumps was started at this moment at a flow rate of 
about 0.1 cm3/min and the sampling loop 4 was then incor
porated into the fluid stream. After rinsing the loop with 
about 90% of the phase that was being sampled, the sample 
remaining in the loop was isolated and its contents were 
transferred into the sampling system. Carbon dioxide in the 
sampling system was vaporized and then condensed inside a 
high pressure weighing bottle cooled down to 77 K. During 
sample depressurization, the solute precipitated mostly inside 
the loop and the tubing, and a small fraction below 0.2% 
was retained in a trap maintained at 183 K. A mercury ma
nometer allowed monitoring the pressure in the sampling 
system during this operation; it was kept always below 3 
kPa. After this, liquid methanol (Merck CG) was flushed 
through loop and tubing by means of pump 7 in order to 
solubilize the precipitated azulene, and the methanol solution 
was collected in a weighted flask. The carbon dioxide con
tained in the bottle was weighed to within 0.0002 g and the 
amount of azulene in the methanol solutions was determined 
spectrophotometrically. Measuring the optical absorption of 
several solutions of azulene in methanol of known concen
trations, we calculated for the molar absorptivity of these 
solutions the value 5407.1 m2mol_1 at 274.5 nm and 298.15 
K. From the absorbance and the mass of the solutions the

c
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TABLE I. Distribution of azulene between the coexisting liquid and vapor phases of CO2.

T P PL
K MPa mol dm 3 X y K d

278.17±0.01 3.955 0.02 20.37 1.30 10 3 3.66 10 6 (2.82 0.24) 10 3
284.44± 0.005 4.632 0.02 19.35 1.12 10 3 6.69 10 6 (5.98 0.45) 10 3
289.13±0.01 5.197 0.02 18.47 6.78 10 4 7.29 10 6 (1.08 0.07) 10 2
292.02 ±0.01 5.564 0.02 17.84 5.05 10 3 8.02 10 5 (1.59 0.06) 10 2
294.59 ±0.01 5.912 0.02 17.21 1.25X10-3 2.95 10 5 (2.35 0.09) 10 2
296.82 ±0.02 6.224 0.03 16.58 1.48 10 3 5.14 10 5 (3.46 0.13) 10 2
298.65 ±0.01 6.494 0.03 15.97 5.29 10 4 2.6 10 5 (4.91 0.22) 10 2
301.08 0.005 6.868 0.02 14.95 4.95 10 4 4.04 10 5 (8.15 0.31) 10 2
302.59 0.01 7.103 0.03 14.03 3.48 10 4 5.48 10 5 (0.158 0.006)
303.48 0.005 7.250 0.02 13.14 2.81 10 4 1.18 10 4 (0.250 0.020)
303.80 0.03 7.310 0.02 12.59 3.27 10 4 8.94 10 5 (0.289 0.066)

total mass of azulene could be calculated. Finally using the 
masses of carbon dioxide and azulene contained in the loop, 
the mole fraction of azulene in the carbon dioxide vapor 
phase solution and the density of the vapor phase could be 
calculated. Analysis of the liquid phase was accomplished in 
a similar manner.

Carbon dioxide (Coleman grade 4.0) and azulene p.a. 
(Aldrich 99%  were used in all the experiments without fur
ther purification. The equation of state of CO2 proposed by 
Ely and co-workers was used.21,22 They employed the value 
of Tc=  304.13 K determined by Moldover.23 The other criti
cal constants for CO2 are p c =  7.375 MPa and p c 
= 10.63 moldm-3 . The equation of state for CO2 proposed 
by Span and Wagner more recently24 gives densities for the 
saturated liquid differing less than 0.05% from those calcu
lated with the equation of state in Ref. 21, which is the one 
we have used in this study.

IV. RESULTS

In this work we have determined the concentration of 
azulene in the coexisting vapor and liquid phases of CO2 at
11 state points in the near-critical region. The experimental 
determination of the solute’s concentration in each state re
quired three days to be completed, starting with the prepara
tion of the mixture and finishing with the determination of 
the composition of each phase. The first day involved load
ing the system and thermal equilibration of the apparatus; on 
the second day the appropriate volumes of the two phases 
were chosen and after ensuring proper equilibration the two 
phases were sampled very slowly to avoid undue perturba
tions in the system. On the third day the amount of solute in 
each phase was determined by measuring the UV optical 
density of the solutions prepared when the sampling loop 
was flushed with methanol.

In order to sample coexisting fluid phases in systems 
under near-critical conditions, special care must be taken be
cause it is very hard to maintain homgeneity in each of the 
coexisting phases. Density fluctuations are easily induced by 
small temperature and/or pressure gradients, always present 
in flowing systems; these result in some mixing of the phases 
throughout the experimental apparatus. Our apparatus was 
designed to minimize pressure or temperature gradients dur
ing sampling, but this required a preliminary lengthy study to

set the optimal conditions of operation to guarantee that a 
portion of the equilibrated vapor or liquid phases in the flow
ing two-phase system could be isolated inside the loop with
out unduly perturbing phase equilibrium. As a test of reliable 
operation of the apparatus the densities of coexisting phases 
of pure carbon dioxide were measured and compared with 
those given by the equation of state of Ely et al.21 for the 
pure fluid.

For the binary system, the concentration of azulene in 
the two fluid phases was small, its mole fraction in the vapor 
phase was between 3 x  10^6 and 10-4 , and in the CO2 liquid 
phase between 3 x  10_4 and 5 x  10_3. As mentioned in Sec. 
III, the sampling method allowed the determination of the 
amount of substance for the two components in the two co
existing phases and from them we could calculate the densi
ties of the two phases, this allowed us a further test of the 
experimental procedure. Using for the pure solvent the equa
tion of state of Ely et al.,21 we calculated for each (p , T  point 
the density that pure CO2 would have in the same thermo
dynamic state under vapor-liquid equilibrium conditions. 
From this calculation we establish that the concentration of 
azulene in the fluid was low enough so that its presence did 
not contribute significantly to the density of the fluid which, 
then, was equal to that of pure CO2 at the same (p,T).

For the vapor phase the square root of the quadratic stan
dard deviation, crv, of the measured densities in the binary 
system from the values calculated with the equation of state 
of pure CO2 for the 11 points was a  v= 0.10moldm-3 , with 
a maximum deviation of 4% at the lowest density, 2.60 
mol d m 3, and 1% at the highest vapor density of 8.64 
mol dm 3. For the liquid phase density, one experimental 
point was eliminated since it differed more than 2.5 standard 
deviations from the values calculated with the equation of 
state; the resulting a L was 0.19 moldm-3, i.e., around 1% at 
all liquid densities. We think this verification was significant 
because it means that the true phase equilibrium conditions 
were attained and, hence, they tell about the precision of the 
measurements in the present study. Moreover, since good 
precision was obtained for the measured densities of pure 
carbon dioxide in the same temperature range, we conclude 
that the (p , p ,  T) behavior of the mixture does not differ ap
preciably from that of the pure solvent, hence the solute can 
be safely considered at infinite dilution.
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FIG. 2. — R T  ln KD against (pL—p c) for azulene in carbon dioxide. •  ex
perimental values, the bars give the error of each experimental point. K D is 
the distribution ratio (y/x) at infinite dilution [cf. Eq. (5)].

Table I reports the experimental results, the liquid den
sities reported in column 3 are those calculated with the 
equation of state of Ely et al.21 for CO2. The values of the 
mole fractions of azulene in the liquid phase were deter
mined with an uncertainty smaller than 2%, while those in 
the vapor phase had an average uncertainty which was twice 
as large. Error propagation allowed us to estimate conserva
tively that 6% is the average uncertainty of the K D values; 
the value at 303.80 K, which was only 0.33 K from Tc l, had 
a larger uncertainty as shown in Fig. 2.

V. DISCUSSION

In Fig. 2 the values of — R T  ln KD for azulene dissolved 
in carbon dioxide are plotted against L according to the 
asymptotic Eq. (8 . The data were fitted with polynomials 
using equal weight for the data, under the condition that the 
fitting equation had to pass through the 0, 0 point. The best 
fit was obtained with a straight line, having a slope of 1397 
Jdm 3m oF 2, with a correlation factor of r 2 = 0.999 72. Bars 
in the figure indicate the precision of the ordinates for each 
point calculated by propagation of the experimental uncer
tainties in the composition determinations, they are consid
ered conservative estimates; the error bars are not bigger 
than the size of the symbols in the figure with the exception 
of the point closest to Tc which deviates from the straight 
line, although the deviation is within the experimental preci
sion. The statistical analysis of the fit shows that the width of 
the 95% confidence range of the slope is within l6  
Jdm 3m oF 2 from the best value. Using the value we deter
mined for the slope of the straight line in Fig. 2, the value of 
J c=  —79.1 ±0.4  MPa was obtained using the expression for 
the slope given by Eq. 8 .

Jeon et al. have recently reported25 values of the partial 
molar volume at infinite dilution, V 2 , of azulene dissolved 
in supercritical CO2 at different temperatures and fluid den
sities using the supercritical fluid chromatographic method. 
From the values that they reported it was possible to calcu
late J  at all solvent densities and for all the isotherms, its 
values at p 1 = 10 mol dm-3 , close to pc , are given in Table

TABLE II. Literature values of the Krichevskii function J, for azulene in 
supercritical CO2 determined by chromatography at p =  10 mol dm-3 (Ref. 
24).

TT red 1.007 1.02 1.056 1.072 1.066

-J /M P a 58.3 29.6 20.6 20.0 20.2

II. It may be seen that at Tred= 1.007, the experimental iso
therm which is closest to Tc , J  is 26% less negative than J c 
obtained from the slope of R T  ln KD against <5p L in the 
present study. However, Jeon et al. warn that V2 values for 
this isotherm may only be considered “gross approxima
tions'  due to uncertainties in the fluid density near criticality. 
Table II shows that the values of J  calculated with the chro
matographic data have a strong temperature dependence un
til, at Tred= 1.05, it reaches an almost constant value around 

20 MPa, this value is four times less negative than the 
value of J c found in the present work. The steep change of J  
with temperature found by Jeon et al. is contrary to evi
dences from other studies that clearly suggest J  has a weak 
temperature dependence.17,18,26 For the solute CHI3 dissolved 
in CO2 Fernandez et al.26 found that (d J /d T )p 

0.22 MPa/K over a wide range of temperature above and 
below Tc , with the exception of the isotherm having Tred 

1.004 where J  shows a moderate decrease. It is not clear, 
however, if this is an experimental artifact due to the diffi
culties of spectrophotometric measurements too close to the 
critical state.

It can be shown6 that the hydrostatic hypernetted charin 
(HHNC) theory27 for inhomogeneous fluids using a spherical 
Lennard-Jones intermolecular potential is capable of describ
ing correctly the most relevant structural and thermodynamic 
features of nonpolar and weakly polar near-critical binary 
systems. We have used that theory to calculate J  for azulene 
in CO2 at three fluid densities close to c using the Lennard- 
Jones parameters of the solute, ( 2 /k  ) 660 K and 2 
= 0.66 nm;6 the results are plotted against r=  1 — Tred in Fig.
3. The values of J  for pred= (p /p c) = 1.05 are very close to 
the ones obtained in this work from R T  ln KD and Eq. (8- 
Moreover, Fig. 3 shows that the theory lends support to the 
frequently reported weak temperature dependence of J .

We have found that the best order parameter to represent 
the asymptotic behavior is L, although ( L V) per
forms also very well. This is not the case of VL as order 
parameter. This indicates that density is the natural variable 
to represent the asymptotic behavior. According to Eqs. 6 
and 7 , the fact that the linear behavior extends far from Tc 
may be deemed to occur because c,2r T T c,2r . Actually 
an estimate of the value of the second term in Eq. 6 , which 
is directly related to J cT , can be obtained from the study of 
the solubility of CHI3 in CO2 , because this solute has 
Lennard-Jones parameters which are very similar to those of 
azulene.26 If this assumption is correct, the second term in 
the expansion would contribute at most 7% to R T  ln KD at 
the lowest temperature. This is a small contribution, but 
should have been experimentally observed.

For the distribution equilibrium constant of heavy water 
between light water and steam a very short asymptotic region
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FIG. 3. — J  against t  for azulene in CO2 calculated with the HHNC theory 
using a Lennard-Jones intermolecular potential with the molecular param
eters given in the text. • ,  pred= 1.23; ■ , pred= 1.05; A, pred= 0.88. J  is the 
Krichevskii function (d p / dx )T V .

has been observed.10 This feature was attributed to the al
most ideal behavior of the mixture which implies that for the 
isotopomere mixture cp,rp has a smaller magnitude than the 
second term in Eq. 6 . This is not the case for other binary 
systems containing solutes which are not so similar to the 
solvent as D2O and H2O are. For these systems cp,rpTST is 
small compared to the first coefficient in the expansion, as 
already shown. The existence of a reduced linear-behavior 
region for mixtures of light and heavy water has been also 
shown by the theoretical study of Abdulkadirova et a l . 2  
who made a detailed analysis which included crossover be
tween the Ising and the classical critical regions.

It is clear that in order to account quantitatively for the 
extended range of the linear asymptotic behavior observed in 
the azulene-CO2 near-critical system, it is necessary to use a 
complete theory which includes crossover. Hence the quan
titative explanation of the extension of the linear range for 
- R T  ln K d against £p L observed in the present work offers a 
challenge which requires a thorough theoretical analysis.
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