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ABSTRACT

The hquid-solid equilibrium temperatures in the binary systems between n-octacosane
and methyl or ethyl octadecanoate are determined m order to obtain the interchange
parameters between CH; or CH, and COO groups by means of the statistics of group
interaction.

INTRODUCTION

The idea of “group interaction” developed by several authors [1-10]
points out the important fact that the thermodynamic properties of mixtures
of complex compounds may be predicted with an appreciable accuracy on
the basis of a small number of “interaction parameters” between the
functional groups of the molecules. Recently, on this basis a large number of
binary systems of acids and esters have been interpreted [11,12] (with some
approximations) following the statistics of group interaction proposed by
Kehiaian et al. [5,6). Following the Thermodynamics of Organic Mixtures
(TOM) project [6], Kehiaian proposes the determination of interchange
parameters from experimental measurement of equilibrium properties of
very simple systems.

In the present paper we begin a systematic study of liquid-solid equi-
librium temperatures in the binary systems alkane + ester. where only two
types of surface are present. The systems n-octacosane -+ methyl or ethyl
octadecanoate (stearate) are reported here.

THEORY

The thermodynamic condition of liquid-solid equilibrium is expressed by
[13]

dl"’szd""L (1)
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which changes ©
(3py/3T) AT = (3., /3T ) AT + (3., /3x,7,) dx,7, (2)

if the solid phase in equilibrium with the liquid mixture is a pure phase.
Equation (2) may easily be changed to

Inx;+5g,+5 =0 (3)
whers 2= g/RT7, g is the Gibbs function of tusion. and gz, is the Gibbs
partial molar excess energy of compound j. g, depends on the temperature
and composition. g7 is dependent only on the temperature.

Kehiaian et al. [8] express the thermal capacity as a function of the
reduced temperature r=T°/T

EP=A3+A4(7"'—1) (4)
Integration of eqn. (&4} gives the entnalpy
F=Ady+Ap(s1=1)+A4,/27(s71 = 1)? (5)
Integranion of egn. {5) gives the Gibvbs tree energy

g=A,+ (A, —A;+ A, /2)(1— 1)+ (A3 —A,) InT—A,/2(77' = 1) (6)
Equation {6) may be written as

E=G,+G(r— 1)+ Gy Int+ G, (=71 —1) (7)

For the fusion quantity g0 of eqn. (3), eqn. (7) may be obtained from
thermodyvnamic data of tusion cansidering that

A,=A,j‘,=gg('r= 1)=0 (7a)
A2=Aﬁ,2=i;fj(7= 1) (7b)
A3=Af_|.3=[cp|_|(To)—Csz(To)]/R (7c)
Ag=A,4=T/R[d(c,, — cpy)/dT] (7d)

For the Gibbs excess partial molar free energy of species j, function of T and
x,, ec@. (7} must be considered as 2 sum of terms in which G; are functions
of the composition, i.e.

8e, =&+ gxf.‘lé T Gysmrr g‘n’-‘fé i &

The interchange free energy between the chemical groups a and b is
expressed following eqn. (7)

gab(”’) = Gab.l + Gab.z(”’ - l) + Gab.3 InT+ an.d('r_‘ - 1) (9)

Following the group interaction theory [5,6], 8g, is the sum of the combina-
torial 2nd Ineschange £25ts. In (b Sistems stnlied prevdonshy §33,32) we
concivded 2y e PIn2ry SYSIBmS DEIWEED 2 DONDPOAr LompPound and 2
polar compound may be treated with the zero approximation [5,6] and for



the combinatorial part the Flory Huggins expression may be used, i.e.

gEJ = ln(pj/xj - (p]/xj +1— qjélgj(aa_] - aal)(abj - abl)gab (10)
Equations (3), (7), (8), (9) and (10) give the following basic equations
In x] + ij.l + (GxJ,Z + G&.Z)(T - 1) + (GXJ.3 + ij.3) InT
+ (G4t Gya)(r7!—1)=0 (11)

TABLE 1
Liquid~solid equilibrium temperatures in the binary systems CgHgg +Co0Hy4oO; and CgH,
+TCoH 20,
CagHsg +CyoHuO; CygHyg +CyHy0,
X5 T(K) %3 T(K)
0.0000 334.6, 0.0000 334.6;
0.0178 3344, 0.0076 334.54
0.¢279 334.2, 0.0141 334.4,
0.0490 333.9, 0.0309 3342,
0.0790 333.3s 0.0513 333.8,
0.1379 332.8, 0.0716 333.6¢
0.2108 331.1 0.1093 333.2
0.2903 330.1 0.1409 3325
0.3828 328.6 0.2080 331.1
0.4708 327.6 0.3204 329.4
0.5150 326.7 0.4268 328.1
0.5436 326.3 0.5047 27.0
0.5940 325.3 0.5433 326.4
0.6668 323.8 0.5923 325.6
0.7136 3226 0.6632 324.1
0.7720 320.8 0.7186 3228
0.8389 318.8 0.7672 3214
0.8982 3149 0.8117 3204
0.9363 3108 0.8478 318.5
0.9627 305.5 0.8784 316.6
0.9817 303.9, 0.9200 3127
0.9935 304.15 0.9434 310.2
1.0000 304.25 0.9450 308.8

0.9732 309.7,

0.9765 - 309.8

0.9876 310.1;

0.9911 310.2,

0.9960 310.34

1.0000 310.4,
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where

Gyo=Adga— Ay +A5,/2

Gps=Agz— Ay,

Gya= —Ays/2

Gy =g /x, —@/x +1-— qjg_}gl(aaj - am)(am — aty, )Gy

Gym = _q_]g_]gl(ab_] - ab,)(“aj — @y, )Gy (m=2,3,4)

EXPERIMENTAL

Details of the equipment used are as reported previously [11.14]. The
chemicals employed were Ega products of high purity and were used without
further punfication. The liquid—solid equilibrium temperatures are given in
Table 1. In this paper the mole fraction of the alkane and that of the ester
are indicated by x, and x,, respectively. In Broadhurst’s [15] analysis,
octacosane is reported to melt at 334.4 K and to undergo a solid—solid
transition at 331.2 K: also. the enthalpy of fusion is reported as 14.45 kcal
mole™ !, These data give a cryoscopic constant of 5.68 K molality™!. The
first data of Tablel may be employed in order to give the experimental
cryoscopic constant of octacosane that results in 5.5 =0.1 and 5.3 = 0.2 with
methyl octadecanoate and ethyl octadecanoate, respectively. The agreement
between the thermodynamic and experimental cryoscopic constants is good;
therefore the presence of solid solutions in the crystallization region of the
alkane is excluded. A similar conclusion cannot be made on the crystalliza-
tion region of the ester due to the lack of fusion data. The melting point of
octacosane given here s 334.7 K, in satisfactory agreement with the value
reported in the literature [15].

ESTIMATION OF THE PARAMETERS OF THE STATISTICAL EQUATIONS

In order to apply eqn. (11), the values of fusion A4, must be known;
A ,may be deduced from the literature [15]; 4, ; and 4, , may be obtained
by extrapolation of the corresponding values of lower alkanes, for which
Messerly et al. [16] have published data of ¢, in the solid and liquid states.
The values are given in Table2. In the calculation of Ay ., the value of T°
given in the literature is employed. The interaction parameters, estimated on
the experimental curve, were also recommended by Kehiaian [17): G,, ; = 4.0,
G2 = 6.78. The parameters G, ; and G,, 4 do not seem to be important in
these calculations.

Previously [11] the g, value was approximately determined as 4400 J



TABLE 2

Parameters of fusion concerning n-octacosane

T(K) 3347
T(K) [15] 334.4
Ay, 23.252
A, 13.085
Ay —122.013
TABLE 3

Geometric values of the compounds used in the calculations

CagHsg CaoHyO, CigH330,
q 13.5655 10 1331 9 6690
r 17.1332 12.6432 12 0572
Sen,cn, 1.0000 0.9253 0.9215
Geon 0.0000 0.0747 00785

mole™! in the system ethyl octadecanoate+ nonanedioic acid [11] in a

temperature range near 373 K [18], i.e., §,, = 1.4; eqn. (9) gives a value of
3.2. at 373 K. This difference may be ascribed to the approximations used in
the previous calculations [11]. The molecular area and volume, calculated
according to Bondi’s method [19], are given in Table 3.

CONCLUSIONS

The curve calculated following eqn. (11) and the experimental values of T
are shown in Fig. 1. In the concentration range 0.8 < x; <1, eqn. (11), using
the parameters reported here, satisfactorily represents the experimental trend
of the two systems showing that the interaction parameters G,,, and G,
used here are reasonably reliable. For x;, <0.8 the solid-solid transition
occurring in the octacosane suggests that the parameters given in Table 2 are
not so far correct, but in the literature only A H,  values are reported, while
¢, values ior solid phases are not found. Owing to this lack of data the
statistics cannot be employed properly in the concentration range lower than
x,; =0.8.

As previously reported [11,12], the systems with alkanes exhibit behaviour
typical of mixtures in the zero approximation, i.e., the coordination number
z = o0, also the combinatorial part of the excess function is given by the
Flory Huggins expression.



10

ToK ¢

335 |

353 |

333 +

rr

332

!

335

334

333

332

[ . .
10 0.9 0.8

Xy

ig. 1. Calculated curve and experimental points concerning the hquid-solid equilibrium
temperature in the binary systems: (a) n-octacosane -+ ethyl octadecanoate; (b)n-octacosane+
methyl octadecanoate.

NOTATION

Bogs fp Chemical potential of the solid and liquid, respectively
T Temperature

T° Reference temperature (in the present work this refers to the
melting temperature of the pure compound)

x, Mole fraction of compound j

Y, Activity coefficient of species j

8g, =gg,/RT

8k, Excess chemical potential

g, =g /RT

g Gibbs free energy of fusion

c, =cp/R
c Thermal capacity at constant pressure
B =h/RT
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h Enthalpy
T Reduced temperature

gg Gibbs free energy of fusion at 7= T'°, concerning compound j

hg, Enthalpy of fusion of compound j

Coys Cos; Thermal capacity at constant pressure of, respectively, liquid and
solid compound j

. Gibbs free energy of interchange between groups a and b divided
by RT

P; =rx,/2 rx,

r Volume of the molecule (unit = volume of CH,)

gl = qlxl/zjqjxj

q, Area of the surface of molecule i (unit = area of CH,)

Qg = qai/ 4,

G Area of the surface of type a in molecule i
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