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ABSTRACT

The molar excess volumes of benzene+ n-pentane, + a-dodecane and + n-hexadecane and
the molar excess enthalpies of benzene + cycloheptane, +cyclooctane and + cyclodecane have
been measured over the whole composition range at 25°C. These results, together with
literature values, have been analysed using the Flory theory of liquid mixtures.

INTRODUCTION

The Flory theory of liquid mixtures has previously been fitted by Benson
and Singh [1] to the molar excess volumes and enthalpies of benzene +
cycloalkane (cyclopentane, cyclohexane, cycloheptane and cyclooctane) mix-
tures. In this work, these calculations are repeated using improved experi-
mental results together with literature values [2-4] and the work is extended
to include calculations on benzene + cyclodecane using new data. The work
is further extended to include calculations on benzene + n-alkane (n-pen-
tane, n-hexane, n-heptane, n-octane, n-dodecane and n-hexadecane) mixtures
using new results reported here together with reliable literature values [5-8).

EXPERIMENTAL

The benzene (BDH, Analar grade) was fractionally crystallised four times,
dried over sodium and stored. The purity, as judged by GLC was better than
99.9 mol%. The n-pentane (Riedel de Haén, A.G., spectranal grade) and
cycloheptane (Aldrich Chemical Co., Gold label 99 + % grade) was fraction-
ally distilled and dried over sodium. The n-dodecane, n-hexadecane and
cyclooctane (all from Aldrich Chemical Co., Gold label 99 + % grade) were
fractionally crystallised and also dried under sodium. The cyclodecane
(Fluka, purum grade) was used without further purification. Analysis of
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TABLE 3

Smoothing coefficients for x C¢Hg + (1 — x) C,H;,, ; al 25°C determined from the results of
Table 1

n-Alkane Ay A, A, A

{cm® mol ™ 1) (em® mol™ 1) {ent mol ™"y {cm’ mol ™)
n-C.H,, 0.4665 —0.0023 —0.0780 0.0
n-C,H,, 3.6766 —1.4268 (.8984 —0.6273
nCi Hy 40944 ~1.9251 1.3578 —~1.0891

these compounds by GLC showed purity levels ranging between 99.6 (for
n-hexadecane and cyclodecane) and 99.9 mol%.

The V.F measurements were done using a Paar (DMA 6Q1) vibrating tube
densitometer. The method has been described elsewhere [9]. The HE mea-
surements were done using an LKB 2107 microcalorimeter. The method has
also been described elsewhere [10].

RESULTS

Excess molar volumes at 298.15 K are reported for systems for which such
data is not available in the literature (e.g., benzene + n-pentane) and also
where the results differ significantly from the literature (e.g., benzene + #n-
dodecane and + n-hexadecane). Excess molar enthalpies are also given on
mixtures for which data i1s not available (e.g.. benzene + cyclodecane) and on
mixtures where the results differ significantly from the literature (e.g.,
benzene + cycloheptane and +cyclooctane). The F.E and HE results are
given in Tables 1 and 2, together with the deviations, 8V,F and 8HE,
calculated from the following smoothing equations

8V, /(em’ mol ™) = ¥ /(em’ mol ™) = x(1 - x) ¥ 4,(1 - 2x)’ (1)
r=10

and

SHE/(ITmol ')=HE/(Jmol™ ') —x(1 — x) Z (1-2x)" (2)

TABLE 4

Smoothing coefficients for x CGH, +(1— x) C,H,, at 25°C determined from the results of
Table 2

Cycloalkane By B B,
Jmol™" (J mol™") {(J mol™)

Cyclo-C;H,, 32101 —465.1 297.3

Cyclo-CyH 3230.7 —5433 401.8

Cyclo-CioHs0 3267.8 -593.0 391.9
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where x denotes the mole fraction. The coefficients A, and B, are given in
Tables 3 and 4.

The HE and VF results together with literature data [2—8] have been fitted
to the Flory theory of liquid mixtures as previously reported [10]. The
properties of the pure liquids used in the calculations are given in Table 5
together with literature references to the properties. In a few cases the
properties have been obtained by extrapolation. The results of Flory calcula-
tions, performed as previously [10], are given in Table 6. The quantities in
this table have been defined previously [10].

DISCUSSION

No measurements for V¥ at 25°C for benzene + n-pentane have been
reported in the literature. The present results at 25°C are, however, within
experimental error of the extrapolated results of Mahl et al. [18] who
measured V.E for this system at 15 and 20°C.

Diaz Pena and Nunez Delgado measured V,F for benzene + dodecane and
+ hexadecane at 25°C [19]; the results reported here are significantly differ-
ent to these. No other workers have reported measurements at 25°C on these
two systems. V.E was also measured for benzene + n-hexane, +#-heptane,
+n-octane, +cyclopentane, +cyclohexane, +cycloheptane, +cyclooctane
and +cyclodecane. The results in all cases are within the experimental errors
of the data available in the literature [2,7] and have not, therefore, been
reported here.

The only reported measurements of HE on benzene + cycloheptane are

TABLE 5

Properties of the pure liquids at 25°C used in the Flory theory (the estimated values were
extrapolated from the data of the relevant homologue series)

Hydrocarbon  p Ref. 10% Ref. 102k Ref.
(gem™?) (K™ (Pa™")

CeHg 0.8736 11 1.260 12 966 13

C,H,, 0.7404 11 1347 14 1331 14

C,Hy, 0.7739 11 1217 15 1136 16
C.H,, 0.8073 1 1.00 17 967 17

CgH,, 0.8315 11 0979 14 803 14
CioHag 0.8550 This work  0.740 This work 530 (Estimate}
CsH,, 0.6212 11 1.643 (Estimate) 2120 (Estimate)
C,Hy, 0.6548 11 1.375 12 1669 12

C.Hy, 0.6795 11 1.245 12 1438 12

C,Hy; 0.6985 11 1150 12 1282 12
C,Hy 0.7452 11 0970 12 988 12

CieHay 0.7699 1 0.898 12 857 12
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within experimental error of the extrapolated results of Mahl et al. [18]. They
used a batch calorimeter which had a small vapour space. The present results
for the cycloheptane system in the equimolar regions are of the order of 50 J
mol ~! lower than those of Watson et al. [20]. For the cyclooctane system, the
HE results are consistently lower than those of Watson et al,, and in the
equimolar region the discrepancy is greater than 20 J mol~'. The present HE
results for the benzene + cyclopentane and cyclohexane are within the
combined experimental errors of this work and that recorded in the literature
[3,4], and have therefore, not been reported here. No measurements on
benzene + cyclodecane have been previously reported.

The HE measurements on benzene + n-pentane, + n-hexane, +»-heptane,
+n-octane, +n-dodecane and + n-hexadecane are within the experimental
errors of the literature values [5,6,8] and have, therefore, not been reported
here. In comparing the results, it is evident that there are errors in sign for
the coefficients in table 3 of ref. 5. These have been corrected in a recent
compilation of HE data [21].

The present results of Flory calculations for the benzene + cycloalkane
mixtures are very similar to those obtained by Benson and Singh [1] and
support the remarkable success of this simple theory in fitting V7 and H}
data for binary systems of differing molecular size and nature. The poor fit
for the benzene + cyclodecane system may be due to errors in the prediction
of the properties of cyclodecanc.

The application of this theory to benzene + n-alkane mixtures is also
remarkably good although inferior to that obtained for the benzene +
cycloalkane mixtures. This is remarkable considering the differences in size,
shape and nature of the benzene and r-alkane molecules.
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