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A change in the phase diagram of two liquid binary mixtures (methanol-heptane

and methanol-hexane)} was found to occur under the effect of a change in the
areas of a free surface and a liquid—wall interface.

Theoretically, under certain conditions surface phases may arise at the interfaces of liquid binary
mixtures and surface phase transitions may take place in these phases. If a sufficient amount of material is
involved in the process, variation of the bulk properties of the system becomes expectable. A generalized
phase diagram constructed for such systems [1] reflects the state of the system in the bulk and at the
surface, with the bulk phase coexistence curve being one of its projections. The effect of a free surface
(liquid-vapor surface) on the properties of the bulk phases of a liquid binary mixture in the vicinity of critical
temperature has been studied theoretically in sufficient detail [2, 3]. The theory states the conditions, in
which surface phase transitions may occur in a binary system occupying a half-space [2] and also predicts
changes caused by finite dimensions of the system {3] in the vicinity of a bulk phase transition. In [4],
the authors consider the effect of a free surface on the hysteresis loop of a bulk phase transition. This
study presents experimental results of the determination of the coexistence curve for two binary systems
(methanol~heptane and methanol-hexane) that has been measured at different conditions at the liguid-
vapor and liquid—wall interfaces.

It has been found that the growth of the area of a free surface and a liquid-wall surface causes a
shift in the coexistence curve with respect to the theoretical curve, changes the value of the amplitude
and of the critical index in a scaling formula describing this curve. It should be pointed out that in the
methanol-heptane system studied earlier, we identified phase transitions of wetting and prewetting at the
upper phase—cell wall interface [5].

Factory-cleaned reagents were used for preparing samples. Methanol was first dehydrated, because
water contained in it was noted to cause a substantial rise in the critical temperature T, of mixing [6]. The
values of T, obtained for the test mixtures are close to published data [7].

The volume refractive index was measured by the method of a trapezoidal cell described in [8]. A binary
mixture was placed into a cell about 30 ml in volume made of a molybdenum glass tube, 40 mm in diameter;
one window of the cell was soldered perpendicularly to the cylinder axis, and the other window, at the angle
a = 60°. The end windows were polished optical plates, 1.5 mm thick, made of the same glass. A laser
beam (A = 632.8 nm) is incident perpendicularly onto the first window, then it passes through the sample
and, when refracted by the second window, is deflected at the angle ¢. The incident and refracted beams
lie in a horizontal plane. The refractive index of the sample is calculated from the formula

__cos{a — )
n= e (1)

Angles of refraction are measured by a GS-5 goniometer with an error of not over 5 seconds, which helps
in determining the refractive index with an accuracy of 10=%. To calibrate the instrument, the refractive
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index n and the temperature coefficient dn/dT of pure substances were measured. The results showed good
agreement with the reference data. The refractive index measurement error did not exceed 5 x 10~%, It is
known that the refractive index of a solution near interfaces may differ from the bulk refractive index due to
adsorption. The above method was used to measure the bulk refractive index, as any number of adsorption
layers at the entrance and exit windows is a set of plane-parallel layers, which cannot change the total angle
of refraction calculated by formula (1). Only one condition should be met: the inlet and outlet of the laser
beam must be away from the side walls of the cell, where the plane-parallel arrangement of the layers may
be upset by capillary phenomena.

The cell with a sample was placed into a massive brass block with water circulating from a thermostat.
Temperature variations did not exceed 0.05°C. The block was positioned on a goniometer stage. The
sample was heated to a temperature above the critical point, mixed by shaking and then the temperature
was decreased with thermostating for a sufficient time at each measurement point. In this study, the
temperature of the mixture in the cell was determined by the temperature measured in the thermostat.
Temperature calibration was first performed: the working cell with liquid was fitted with a thermometer
and a desired temperature T* was set in the thermostat. The temperature in the cell therewith approached
some value t* less than T% (t* < T*). The plotted t* vs. T* graph was used in further measurements to
determine the cell temperature. Such calibration determines also the setting time of constant temperature
t* in the cell. The minimum setting time of constant temperature in the cell, which depends on the cell size,
the length and heat insulation of the supply hoses, the temperature T*, etc., was 2 to 3 hours. This time
increases in the vicinity of the critical temperature because of the heat capacity growth and also because
of the slow phase separation, and as a result, of the solution turbidity. Maximum phase transparence was
taken to be an indicator of the equilibrium establishment.

The refractive index in the upper and lower phases was measured at a fixed temperature. Critical-
concentration mixtures with mass fractions of methanol z, = 0.3505 in the methanol-heptane system
and z, = 0.3240 in the methanol-hexane system were studied. Figure 1 presents coexistence curves for the
methanol-heptane system measured in different conditions at the interfaces and also a calculated coexistence
curve (curve £), in which the refractive indices of phases were calculated from the assigned binodal. Curve I
represents measurements in a full cell, i.e., when the area of a free liquid-vapor surface Sy equals the
cross-section of the drain pipe at the top Sy = 0.3 cm?2. Curve 2 corresponds to the same measurements,
but under the conditions when the cell is about half full, the area of the free surface is in this case 11 cm?.
Curve 2 exhibits an obvious shift towards the values less than the refractive index as compared with curve 1.
Finally, curve # is plotted under the following conditions: the cell was filled with molybdenum glass beads
so that their total surface area was equal to the area of the inner surface of the cell. After that, the
cell was filled up to the brim with critical-concentration mixture, i.e., S; = 0.3 cm?. The glass beads
were subjected to the same cleaning procedure as the inner part of the cell: first they were treated with
potassium dichromate (solution of potassium dichromate in concentrated sulfuric acid}, then washed with
distilled water and dried.

The same data for the methanol-hexane system are presented in Fig. 2. Curve & is theoretical, curve I
was measured in a full cell, S; = 0.3 cm?, and curve 2, in a half-filled cell, Sy = 11 cm?.

The calculation data were obtained using the formula from work [9]

2
fap~ L ni-1, 0 w1
— 2
nZ ) +2 n§+2¢‘+n§+2¢2’ (2)
brtda=1, (3)

where (2) is the displacement law for the refractive index in the upper (lower) phase ny(); (3) is the volume
additivity condition; n; and ng are the refractive indices of pure components 1 and 2; and ¢; and ¢, are
the bulk concentrations of the components in the phases, i.e., the binodal data for this mixture. Used as
¢1 and ¢, are the concentrations we have taken on the demixing curve at a proper temperature from [6].
The demixing curve that represents temperatures, at which the samples of binary systems of different
concentrations are decomposed throughout the concentration range, is a binodal, i.e., basic information
for the binary system. The calculation coexistence curves representing the temperature dependences of the
phase refractive index calculated from formulas (2) and (3) for both systems under study are illustrated in
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Figs. 1 and 2. Coexistence curve I in Fig. 1 of the methanol-heptane system corresponding to a sample
with a small free surface area appears to become close to calculation curve 4. If the area of the free surface
is large, Sy =11 cm?, then the coexistence curve is shifted towards the lower values of the refractive index
(curve 2). If Sy is small, but the cell contains glass beads that double the liquid—wall interface area, then
the coexistence curve is still further shifted towards the lower values of the refractive index {curve &). The
left-hand branch of curve I exhibits data spread in the temperature range from 40 to 45 °C, which is,
probably, associated with the surface wetting and prewetting transitions that occur here [5].

The shift of the coexistence curve towards the lower values of the refractive index is observed for both
systems with the growth both of the area of a free surface and of a liquid-glass surface.

The difference between the systems consists in that the measured coexistence curve (curve I in Fig. 2)
is shifted with respect to the calculation curve (curve 3) in the methanol-hexane system when the area of a
free surface is small (Sy = 0.3 cm?), whereas in the methanol-heptane system the coexistence curve under
the same conditions is virtually coincident with the calculation one (Fig. 1}. This may be due to a higher
effect of the walls in the methanol-hexane system. Changes in the coexistence curve under the effect of the
interfaces are not limited to its shift, the curve shape and critical temperature also change.

Experimental coexistence curves can be described by the simple scaling formula

Ty(r) = Ne £ Br?,

where n. is the refractive index at the critical point, 7 = IT,}T ’, T is the current temperature, 7, is the

critical temperature, 8 is the critical index, and B is the amplitude. The calculated parameters of the
coexistence curve and also the measured values of the critical temperature are listed in Table 1.

It can be seen from the table that both systems display an identical trend for a decrease of the critical
index 3 with the growth of a free surface area. As the area of the liquid-glass surface increases, the ctitical
index [ also increases (methanol-heptane system). The amplitude B diminishes when S; becomes larger
for both samples, but increases with the growth of the area of the liquid-glass surface (methanol-heptane
system). The critical temperature rises with the growth of Sy and drops with an increase in the area of
the liquid-glass surface (methanol-heptane system). In line with the theory [3], the finite volume effect
under critical conditions is manifested in the increase of the critical index 8 from the scaling value 1/3 to
the average field value 1/2 and in the rise of the critical temperature. A change of this kind occurs in the
case when the liquid—glass surface increases two-fold in a sample with a small free surface area. The growth
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Parameter Values in the Simple Scaling Formula n, )y = n. =+ B7r? Calculated
from Refractive Index Measurements under Different Conditions at the Interface

Table 1

Mixtures OCE;%%?(E;?SH Ne B Je] T.°C

Methanol- | Sy = 0.3 cm? | 1.3525 | 0.085 = 0.007 | 0.314+0.016 | 53.5

heptane S;=11cm? | 1.3472 | 0.075+0.008 | 0.27 +£0.014 | 54.5
Sy =0.3 cm? | 1.3460 | 0.097+ 0.010 | 0.352+0.015 | 53.0
+ glass beads

Methanol- | §; = 0.3 cm? | 1.3486 | 0.073 = 0.008 | 0.361 =+ 0.013 | 36.4

hexane S;=11cm? | 1.3475 | 0.047 4 0.006 | 0.275+0.011 | 36.8
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of the free surface results, in its turn, in a decrease of 3, in other words, under these conditions the trend
is just opposite to the finite volume effect. A change in the component concentrations in the bulk of the
methanol-heptane system seems to be caused by the formation of a wetting layer of the lower phase at the
upper phase—cell wall interface as was found in [5]. However, if the bulk phases were depleted of methanol
because of the surface layer formation, a shift of the coexistence curve towards higher refractive indices would
be expected. Since this is not confirmed by the experiment, it may be assumed that a heptane-enriched
layer exists at one of the interfaces, which necessitates the investigation of the surface layers structure.

© W NS oW N

16 December 2002

REFERENCES

33

. H. Nakanishi and M.E. Fisher, Phys. Rev. Lett., vol. 49, no. 21, p. 1569, 1982.
A.J. Brey and M.A. Moore, J. Phys. A: Math. Gen., vol. 10, no. 11, p. 1927, 1977.

Yu.M. Ivanchenko, A.A. Lisyansky, and A.E. Filippov, Teor. Mat. Fiz., vol. 67, p. 143, 1986.
N.B. Ivanov and M.I. Kaganov, Fiz. Tverd. Tela, vol. 30, no. 11, p. 3319, 1988.
S.G. Ilyina, E.A. Ionova, and O.G. Pavlygina, Vestn. Mosk. Univ. Fiz. Astron., no. 4, p. 28, 1999,
N.I. Chernova, Zh. Fiz. Khim., vol. 39, no. 10, p. 2388, 1965.
A.G. Aizpiri, J.A. Correa, R.G. Rubio, and M.D. Refia, Phys. Rev., vol. B4l no. 13, p. 9003, 1990.
S.G. Hyina, E.N. Revina, and R.N. Taeshnikova, Zh. Fiz. Khim., vol. 73, no. 6, p. 1033, 1999.

. C. Houssou, P. Guenoun, R. Gasnand, et al., Phys. Rev., vol. A32, no. 3, p. 1818, 1985.

Department of Molecular Physics



