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ABSTRACT

Excess enthalpies have been determined for acetonitrile +ethane at 298.15, 323.15 and
348.15 K and at pressures of 7.5 and 15 MPa. The critical point for ethane is at 305.50 K and
4.914 MPa. Hence, the measurements at 298.15 K are with liquid ethane while those at 323.15
and 348.15 K are with supercritical ethane. This system enables us to make interesting
comparisons of excess enthalpies and phase equilibria for a non-polar liquid (or supercritical
fluid) with a second polar liquid. For example, pressure has a large effect on HE at 323.15
and 348.15 K where the ethane is supercritical, but not at 298.15 K where the ethane is liquid.
Liquid ethane + acetonitrile have a miscibility gap which continues into the supercritical
region. The HL results at 15 MPa have been used to obtain the fluid + liquid phase diagram
at this pressure.

INTRODUCTION

In a recent paper [1], the measurement of HE with an isothermal flow
calorimeter over a range of temperature and pressure was described for
cyclohexane + acetonitrile. This was the first in a series of systems to be
studied in which relatively simple polar and non-polar substances are mixed.
The liquid + liquid phase equilibrium is present in the cyclohexane +
acetonitrile system. The liquid + liquid phase diagram was measured at
ambient pressure and the results were compared with those obtained from
breaks in the HE against mole fraction curves; excellent agreement was
found, demonstrating that calorimetric measurements can be used to obtain
reliable liquid + liquid results.

This paper reports Hp results for { xC,H¢+ (1 — x)CH,;CN} at 298.15,
323.15 K and 348.15 K and at pressures of 7.5 and 15 MPa. The critical
points T, and P, are 305.50 K, and 4.91 MPa, and 547.9 K, and 4.83 MPa
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for ethane and acetonitrile, respectively. Thus, acetonitrile will be liquid for
all of the measurements while the ethane will be a supercritical fluid at all
the temperatures except 298.15 K. This is a different condition than for
cyclohexane + acetonitrile where both components were liquid at all the
temperatures and pressures at which the measurements were made.

EXPERIMENTAL

Matheson 99.0 mass per cent ethane and B and J ChromPure 99.8 mass
per cent acetonitrile were used without further purification. The acetonitrile
was stored over Davison 3A molecular sieve to remove water.

The automated isothermal high-pressure and high-temperature flow
calorimeter has been described in detail in an earlier paper [2]. We reported
the accuracy of the calorimeter as better than 0.5% but then indicated in a
later paper [1] that in systems such as the one reported here where phase
separation occurs, the uncertainty increases to 1% in the one-phase region
and to as much as 2% in the two-phase region.

Bath temperatures were set and monitored with a Hart Model 1006
platinum resistance thermometer which was calibrated against a Rosemount
thermometer (IPTS-68). Pressures were measured with a Sensotec Model
450D transducer checked by a Heise gauge. Both the Heise gauge and the
transducer were calibrated against a dead-weight gauge. We estimate our
temperature and pressure scales to be accurate to +0.02 K and +0.1 MPa,
respectively.

RESULTS AND DISCUSSION

HE results for {xC,H¢+ (1 — x)CH,CN} at 298.15, 323.15, and 348.15
K and 7.5 and 15.0 MPa are given in Table 1. The values in the one-phase
region were fitted to the equation

n
HE(JTmol ") =x(1-x)) a,(1-2x)’ (1)
j=0
The coefficients a; for eqn. (1) are summarized in Table 2 along with the
standard deviations, and the deviations from this equation are given in
Table 1.

The HE results in the two-phase region were fitted to the linear equation

The coefficients b, and b,, along with the standard deviations, are given in
Table 3 with deviations from this equation given in Table 1. In Tables 2 and
3, x;, and x, give the composition limits over which eqns. (1) and (2) apply.
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TABLE 2

Coefficients for eqn. (1). This equation and these coefficients apply for & < x < x,, and
x, <x <1, where x; and x, are the liquid +liquid solubility limits and & is the standard
deviation of HE from eqn. (1)

p(MPa) T(K) a4, a; a, a, 8@ mol™") x X,

7.5 29815 5359.0 —3756.5 17817 - 3.8 0.2126 0.9747
15.0 29815  3696.2 449.1 37780 -—47753 9.7 0.2481 0.9644
7.5 32315 11983  1389.7 —648.4 - 2.3 0.2591 0.9737
15.0 32315 47235 -1781.5 9843 - 19.0 0.3103 0.9104
7.5 34815 —207.4 —51684 8801.9 —3562.8 16.2 0.2497 0.9679
15.0 34815 39397 —339.3 —177.3  1019.7* 6.3 0.4103 0.8469

* At 348.15 K and 15.0 MPa, a, = 38104 and a5 = —3406.8 must be added.

They correspond to the points of intersection for these equations and hence,
to the compositions of the phases in equilibrium at the temperatures and
pressures of the measurements.

Figure 1 compares HE values at 298.15, 323.15, and 348.15 K at a
pressure of 15.0 MPa, while Fig. 2 makes the same temperature comparison
at 7.5 MPa. At the higher pressure, HE changes only a small amount with
temperature in the composition regions where complete mixing occurs. This
is true even though the ethane is liquid at the lower temperature but
supercritical at the two higher temperatures. The supercritical ethane at 15
MPa could be described as behaving very “liquid-like”. This behavior is also
in evidence in the liquid + liquid or fluid + liquid phase diagram shown in
Fig. 3. The curve is obtained by fitting the solubilities obtained from the
calorimetric measurements (x; and x, in Tables 2 and 3) to the equation

T=T.+k(y-y)" (3)
where

y=ax/{1+x(a—-1)} (4)
yc=axc/{1+xc(a—1)}. (5)

TABLE 3

Coefficients for eqn. (2). This equation applies for x; < 6 < x,, where x; and x, are the
liquid +liquid solubility limits given in Table 2 and 8 is the standard deviation from eqn. (2)

p(MPa) T(K) bo b, s(Jmol™ 1) X X,
7.5 298.15 738.7 —491.8 8.7 0.2126 0.9747
15.0 298.15 949.4 ~615.4 5.1 0.2481 0.9644
7.5 323.15 455.7 —486.5 33 0.2591 0.9737
15.0 323.15 1071.2 —562.8 5.9 0.3103 0.9104
75 348.15 —426.2 929.8 5.3 0.2497 0.9679
15.0 348.15 1102.4 —404.3 43 0.4103 0.8469
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Fig. 1. Excess enthalpies at 15 MPa for {xC,H4+(1— x)CH,CN}: @, 298.15 K; m, 323.15
K; 4, 34815 K.

In eqns. (3)-(5), T is the temperature and x is the mole fraction, with T,
and x_ as the values at the UCST.

The solubility results fitted to eqns. (3)-(5) with the exponential n set at
the theoretical value of 3.1, give T, = 361.4 K, x_=0.633, k= —1.36 x 103,

750

500
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0.0 8.2 0.4 0.6 0.8 1.0

Fig. 2. Excess enthalpies at 7.5 MPa for {xC,H¢ + (1~ x)CH,CN}: @, 298.15 K; W, 323.15
K; 4, 34815 K.
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Fig. 3. Liquid + liquid phase diagram at 15 MPa for {xC,H4 +(1 ~ x)CH,CN}: @, points
obtained from the discontinuities in the H,':; curves; , curve obtained from the best fit
of the experimental results to eqns. (3)-(5) with n=3.1.

and a = 0.812 with a standard deviation of 1.4 K. In earlier papers [1,3,4], it
has been shown that eqns. (3)-(5) adequately fit liquid + liquid equilibria
and can be used to predict the solubility curve without using experimental
results near the UCST where the calorimetric method is less accurate.
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Fig. 4. Excess enthalpies at 298.15 K for {xC,H¢ +(1— x)CH,CH}: @, 15 MPa; B, 7.5 MPa.
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Fig. 5. Excess enthalpies at 348.15 K for { xC,Hs +(1- x)CH,CH}: ®, 15 MPa; B, 7.5 MPa.
The dashed line is the x = 0.2 isopleth along which the results shown in Fig. 6 were taken.

As can be seen in Fig. 2, the temperature effect at 7.5 MPa is very
different from that at 15 MPa. Figure 4 shows the pressure effect on HE at
298.15 K. Liquids are being mixed and dHE/dp is small. However, in the
supercritical region, the pressure effect is large. At 348.15 K, HE changes
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Fig. 6. Excess enthalpies at 348.15 K for { xC,;H¢ +(1— x)CH,CN} as a function of pressure
along the isopleth x = 0.2 (dashed line in fig. 5).
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from positive to negative as the pressure decreases (Fig. 5). A simplified
explanation for these changes in HE is as follows. At 7.5 MPa and 348.15 K,
supercritical ethane has “gas-like” properties. At low x, this “gaseous”
ethane dissolves in the liquid acetonitrile. In the process, the gas condenses
to a liquid and HE is negative due to the enthalpy of condensation. At high
x, the reverse process occurs. That is, liquid acetonitrile vaporizes into the
gaseous ethane and a large endothermic enthalpy of mixing is obtained,
resulting from the enthalpy of vaporization of the acetonitrile.

In Fig. 6, the pressure effect can be seen in more detail as p is plotted
versus HE at 348.15 K and at the x = 0.2 isopleth (the dashed line in Fig. 5).
HE goes through a minimum of approximately —350 J mol ™' at around 5
MPa (which is very nearly the critical pressure), then increases rapidly to
approximately 600 J mol™' at 15 MPa after which the pressure effect
becomes small.
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