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ARTICLE INFO ABSTRACT

Article history: The intercept method is usually employed for the calculation of partial molar properties in binary mix-
Received 16 January 2015 tures. Partial molar volumes are obtained from mixture mass density measurements. Partial molar
Accepted 11 April 2015 enthalpies are obtained from heat of mixing measurements. If a fitting function is chosen to represent the

Available online 16 April 2015 mixture molar volume, it is shown here that the area test is fulfilled exactly, in a non-trivial way, only if

the fitting function exactly matches the experimental values of the pure component molar volumes. Even

Keywords: a small discrepancy between these values and those given by the fitting function will be considerably
Consistency test . . L

Area test enlarged when both sides of the area test equation are compared. If an n-th degree polynomial is chosen
Slope test as the fitting function for the mixture molar volume, the exact fulfillment of the area test for the partial

molar volumes will be achieved only if the polynomial is forced to pass exactly through the experimental
values of the pure component molar volumes and, in consequence, the number of adjustable coefficients
of the polynomial changes from n+1 to n — 1. However, the easiest way to achieve the exact fulfillment
of the area test for the partial molar volumes or the partial molar enthalpies is by making use of the pop-
ular Redlich-Kister expansion to represent the excess molar volume or the excess molar enthalpy of the
mixture. It is also shown here that the slope consistency test will always be trivially fulfilled regardless
of the form of the fitting function chosen to represent the mixture molar volume, so that a useful imple-
mentation of the slope test can only be made by using suitable interpolating functions, such as those of
the cubic-spline kind, to represent the differences between the partial and the pure component molar
volumes.

Partial molar property
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1. The area consistency test where V is the molar volume of the mixture and x; is the mole
fraction of component 1. The partial molar volumes can also be
The calculation of partial molar volumes (or enthalpies) in calculated from the equivalent expressions
binary systems is covered in thermodynamics textbooks written for
tbe chemical englineering cu.rriculum [1-3]. The intercept method Vi—Vi=AnV+(1-x )i(AmixZ) (2a)
yields the following expressions for the partial molar volumes V; dxq
and V, of components 1 and 2 of a binary mixture:

_ d
Vo=V, = AnixV — x4 E(Amix!)v (2b)
_ dv
Vi=v+(1 —M)(ﬁ) (1a) where
} ApixV=V - (x1V; +xV,) (3)
»=v-xi (g ) ap ™ L
1

with V; and V, as the molar volumes of the pure components. Eq.
(3) defines the volume change on mixing A<V (also known as
excess molar volume of the mixture) as the difference between
Trrespon ding author. Tel.: +57 68879300x55129. the mixt'ure molar'volume ar{d the value of the molar quume cor-
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If volume V is changed to enthalpy H, equations similar to
Eqs.(2a-2b) and (3) are obtained that allow the calculation of partial
molar enthalpies from heat of mixing (A ,;xH) measurements.

The starting point for the derivation of the area consistency test
for the partial molar properties é,- of the components of a binary
mixture is the following expression for the total differential of the
corresponding mixture molar property 6:

90 90 5. dx:
w:(m>RMﬂ+(manw+§;mM (4)

At constant temperature and pressure, and for a binary system, Eq.
(4) becomes

do = (B; — 65)dx;. (5)

Integration of Eq. (5) from x; =0 to xq =1 yields the area test equa-
tion:

1 1
/ (61 — 01)dxq =/ (62 — 0,)dx;. (6)
0 0

Eq. (6) can be applied to partial molar volumes (6=V), calcu-
lated from mixture mass density measurements, or partial molar
enthalpies (6 =H), calculated from heat of mixing measurements.
For partial molar volumes, Eq. (6) takes the form

1 1
/ (V1 = Vy)dxy =/ (Vo — Vy)dxq, (7)
0 0

where V; and V, are given by Egs. (1a-1b), respectively. The inte-
grals at both sides of Eq. (7) represent the total areas below the
corresponding V; — V; vs.x; curves. The implementation of this area
test depends on the representation of the mixture molar volume V/
by some fitting function f{x1), from which the derivative dV /dx;
can be calculated, so that the partial molar volumes of components
1 and 2 are obtained from Eqgs. (1a-1b), as follows:

Vi =fx1) + (1 —x1)f (x1) (8a)
Vo = f(x1) — x1f (%1). (8b)

Substitution of Egs. (8a-8b) into the left-hand and right-hand sides
of Eq. (7) yields

1 1
/ (V1 = Vy)dxy =/ [Fx1) + (1 =x1)f"(%1) = V1 1dxq (9a)
0 0

1 1
/ (Vo = Vy)dxy = / [f(x1) = x1f'(%1) =V, ]dxq. (9b)
0 0

Given that the use of available software packages allows that a
suitable function f{x; ) can be chosen and fitted to the experimental
data for the mixture molar volume V, it seems that the implemen-
tation of the area consistency test for the partial molar volumes is
feasible; moreover, it seems that such an implementation would
be easy.

2. Futile implementations of the area test
2.1. General considerations

Since the mixture molar volume V is represented by the fitting
function f(x1), it is appealing to replace the molar volumes of the
pure components V; and V, by the values predicted from the fitting
function. If the naive assignments V; = f(1)and V, = f(0)are made,
then Egs. (9a-9b) become

1 1
/ (V1 = Vy)dx; =/ [f(x1) — x1f"(x1)]dx1 — f(0) (10a)
0 0

1 1
/ (V2 = V5)dx, =/ [f(x1) — x1f'(x1)]dx1 — f(0). (10b)
0 0

The resulting equality of the right-hand sides of Eqgs. (10a-10b)
implies that both sides of the area test equation are the same,
regardless of the quality of the fit of the experimental values for
the mixture molar volume V or even the form of the fitting function
fix1).

For the sake of illustration, let us apply the area test equation to
a set of mass density measurements for the system methanol (1) -
n-pentane (2) reported by Orge et al [4]. The molar volume of the
mixture can be obtained from the reported mole fractions and mass
densities (see Table 1), and by means of the POLYMATH software
package, the mixture molar volumes were fitted to the quadratic
polynomial

V =f(x1) = ap + arxy + axx? (11)

with coefficients ap=116.216, a; =—-73.6867, and a, =—1.77435

(from heretofore, this polynomial will be designated as P2-3).
From Eq. (11), the following expression is obtained for the

derivative involved in Egs. (1a-1b):

dv ,

ﬁ =f'(x1) = a1 +2a2x1 (12)

Substitution of Eqs. (11) and (12) into Egs. (1a-1b) leads to the

following expressions for the partial molar volumes of the two

components:

‘_/] =dap +ay + 2a5%1 — (12X% (133)

‘_/2 =dag — azx%. (13]3)
Values of V; and V, resulting from Egs. (13a-13b) are reported in
Table 1 (see results for quadratic polynomial P2-3).

If the naive assignments made to obtain Eqs. (10a-10b) are
applied to the quadratic polynomial P2-3, the following expressions
are obtained V; = f(1) = ap + a; + az, V, = f(0) = ap. Substitution
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