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Isothermal Vapor—Liquid Equilibrium of Butanone + Butan-1-ol at
Eight Temperatures between 278.15 and 323.15 K

Rosa Garriga, Francisco Sanchez, Pascual Pérez, and Mariano Gracia*

Departamento de Quimica Organica-Quimica Fisica, Facultad de Ciencias, Universidad de Zaragoza,

50009 Zaragoza, Spain

Vapor pressures of butanone + butan-1-ol, at eight temperatures between 278.15 and 323.15 K, were
measured by a static method. Activity coefficients and excess molar Gibbs free energies GE were calculated
by Barker’'s method. Reduction of the vapor pressure data is carried out by means of the Redlich—Kister

and Wilson correlations.

Introduction

In the last few years, much experimental work has been
devoted to mixtures of alcohol + alkane but not so much
to mixtures of alcohol + a second polar component whose
molecules may compete with alcohol molecules for hydrogen-
bond formation. This type of thermodynamic information
is necessary for a better understanding of the hydrogen
bonding and for the development and testing of models and
theories of associated systems in the liquid state. In a
previous paper (Ifarrea et al., 1988) excess enthalpies and
volumes of butanone + butan-1-ol were measured at 298.15
and 308.15 K. In this paper we report vapor pressures at
eight temperatures between 278.15 and 323.15 K. Iso-
thermal vapor pressure measurements on this mixture
have not been found in the literature.

Experimental Section

Butanone (better than 99.5 mol % pure) and butan-1-ol
(better than 99.5 mol % pure) were Fluka products. The
liquids were kept over activated molecular sieves (0.3 nm)
and used witout further purification.

The total vapor pressure measurements were performed
by a static method. Some experimental details are de-
scribed elsewhere (Pardo et al., 1987; Gracia et al., 1992).
For preventing condensation effects on the mercury me-
niscus, the temperature of the manometer was maintained
at 325.0 K by circulating water thermostated to +0.1 K.
Manometer readings were made with a Wild KM-305
cathetometer to £0.01 mm, and the pressure reproduc-
ibility was estimated to be better than 15 Pa. The
temperature of the liquid sample was maintained constant
within 10 mK, and the uncertainty in the mole fraction
was less than 0.0003.

Results

Molar volumes and vapor pressures of the pure com-
pounds are collected in Table 1. The second virial coef-
ficients, at 325.0 K, of butanone (B1; = —1840 cm?3 mol-1)
and butan-1-ol (B, = —1890 cm?® mol~1) were calculated
from the values listed by Dymond and Smith (1969). We
assume that the vapor is an ideal mixture of imperfect
gases:

(Bll + BZZ)
B, =t (1)
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Table 1. Vapor Pressure P and Molar Volumes V of the
Pure Compounds in the Barker Analysis

butanone butan-1-ol
PO/kPa PY/kPa
Vo/ this VO/ this
T/K  cmimol~12 work lit® cm3mol~tc¢ work litd
278.15 87.88 4.277 4.278 90.32 0.196 0.189
288.15 88.99 7.334 7.342 90.90 0.452 0.427
293.15 89.56 9.435 9.459 91.45 0.655 0.625

298.15 90.14 12.071 12.060 92.02 0.944 0.901
303.15 90.72 15.281 15.231 92.59 1.328 1.280
308.15 91.32 19.110 19.060 93.17 1.855 1.793
313.15 91.93 23.683 23.649 93.74 2.532 2477
323.15 93.19 35.540 35.548 94.95 4.610 4.556

aTRC (1991). P Ambrose (1975). ¢ Gracia (1992). ¢ Ambrose (1987).

Table 2 shows our vapor pressure measurements along
with the vapor phase composition, the activity coefficients
y1 and y,, and the excess molar Gibbs free energy GFE values
fitted to the Redlich-Kister and Wilson (Wilson, 1964)
correlations. The activity coefficients are given by

Redlich—Kister:

m
Iny, =x[A, + Z{Af(l —2x) +

26A(L — (1 — 20" Y] (2)

Iny,=1—x?[A, + Z{Af(l —2x) -

2fAX(1 — 2x)" 11 (3)

where x stands for the mole fraction of butan-1-ol in the
liquid phase.

Wilson:

[ A Ay ]

Iny, = —In(x; + A;pX,) + X, X T A - A, T %
(4)

[ A12 A21 1

Iny, = —=In(X, + A,;X;) — X -

Y2 (X, 21%1) 1_x1 ALKy ApXy T X,

(%)

X, being the mole fraction of butan-1-ol.
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Figure 1. Excess molar Gibbs energies GF, between 278.15 and
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Table 3. Parameters and Standard Deviations ¢(P) of
Eqgs 2 and 5 for C4HgO (1) + C4HsOH (2)

Redlich—Kister Wilson
T/IK Ao A1 Ao O’(P)/Pa A1 Ao U(P)/Pa
278.15 0.9928 0.0095 0.1047 13  0.5775 0.5434 23
288.15 0.9056 —0.0017 0.0722 17 0.5965 0.5931 26
293.15 0.8646 —0.0040 0.0801 20  0.6110 0.6114 36
298.15 0.8222 —0.0155 0.0430 18  0.6041 0.6529 25
303.15 0.7809 —0.0021 0.0524 29  0.6478 0.6428 41
308.15 0.7448 0.0152 0.0596 23  0.7028 0.6189 50
313.15 0.7103 0.0081 0.0568 27  0.7040 0.6458 59
323.15 0.6561 0.0090 0.0256 73  0.7247 0.6706 75
The vapor pressure is then given by
_ 0 0
Peaie = X171P1R; + X27,P3R, (6)

using for nonideality of the vapor phase the corrections

Ry = exp{[(Vi — B1y)(P — P)) — POy, VRT}  (7)

R, = exp{[(Vz — B,)(P — P) — PoL,y,"JRT}  (8)
y1 and y, are the vapor phase mole fractions of butanone
and butan-1-ol, respectively, and 61,

01, = 2By, = By; — By, 9)
in our case taken equal to zero. Redlich—Kister and Wilson
parameters were determined by Barker's method (Barker,
1953).

For a given composition, the sample temperature is
changed and a slight variation of the true liquid mole
fraction may be detected in Table 2, according to the
variable composition of the vapor phase. In Table 3, the
coefficients of eqs 2—5 together with the standard devia-
tions defined by

N
o(P) = [y (OP)*I(N — m)]"

(10)

are collected. OP’s are the residual pressures according to
Barker’s method; N is the number of experimental points,
and m is the number of parameters in the corresponding

o\ H

1240

Figure 2. Thermodynamic excess functions, at 308.15 K, for (1
— X)C4HgO + xC4HgOH: (O) HE-experimental values (Ifarrea et
al., 1988); (®) HE-experimental values (Nagata et al., taken from
Christensen et al., 1984); (--+) from the Gibbs—Helmholtz equation
and Redlich—Kister correlation; (- - -) from Gibbs—Helmholtz and
Wilson equations.

analytical equation. Apparently, and according to the
standard deviations, the vapor pressure data are better
represented by the Redlich—Kister correlation. We have
tested other biparametric correlation models (Van Laar,
NRTL, and UNIQUAC), observing a similar behavior to
the Wilson equation. Excess molar Gibbs energy curves
are shown in Figure 1, and a negative temperature coef-
ficient is observed. This system has been measured (Aris-
tovich et al., 1965) at 323.15 K. From these experimental
results we have calculated GE(x=0.5) = 403 J-mol~1, which
is about 10% lower than our experimental value.

In the absence of independent values of the activity
coefficients we cannot use the Gibbs—Duhem relation to
test the thermodynamic consistency of the vapor pressure
measurements. We can, however, test the consistency of
the enthalpies and free energies by means of the Gibbs—
Helmholtz equation. By assuming that A; and Aj vary
linearly with the temperature, the HE-calculated values are
shown as curves in Figure 2 together with HE-experimental
data, at 308.15 K. Apparently, the Wilson correlation gives
a somewhat better consistency than that of the Redlich—
Kister one. In the same figure and at the same tempera-
ture TSE and GE curves are also plotted.
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