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Figure 7. Comparison for diffusion coefficients of CO, in binary mix-
tures between experimental results and calculated values from eq 4
with n = '/, Symbols are the same as those in Figure 6.

On the other hand, the diffusion coefficients of CO; in binary
mixtures can be estimated by the same equation as in a pre-
vious paper (22), that is, eq 4 based on the activated state
theory.

D prbten” = 2 XD pt” (v / v )P (4)

Then, the value of nin eq 4 was examined from the viscosity
data (4).

Figure 7 shows the comparison between the diffusion
coefficlents D ,, calculated from eq 4 with the same n = '/,
as found by Fukushima et al. (7) and the results obtained in this
work, wherein the deviations are within 4%.

From such examinations, we may conclude that the solubility
and the diffusion coefficient of CO, in various binary mixtures
based on viscosity-composition curves are evaluated with a
reasonabie accuracy from eq 3 and 4 with n = '/,, respec-
tively.

Glossary

A, solubility of gas In fiquid, mol/m?

gas-liquid interfaclal area, m?

diffusion coefficient of gas in liquid, m*/s
thickness of stagnant liquid film, m

constant of eq 4

absorption rate of gas into liquid, mol/(m? g)
gas constant, J/{(mol K)

temperature, K

gas-liquid contact time, s

~<4D23 0o
>

v volume of liquid-side cell, m®

v molar volume, m3/mol

X mole fraction in liquid phase
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o solubllity parameter, (kJ/m?)"2

€ porosity of membrane

7 viscosity, Pa s

v kinematic viscosity, m?/s

Subscripts

A diffusing component

B B component in mixture (system of B-C)
C C component In mixture (system of B-C)
i i component

m mixture
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Excess Volumes of Binary Mixtures of o-Xylene + n-Alkanes

M. Céaceres Alonso and J. Nufiez Delgado*

Departamento de Quimica Fisica, Facultad de Clenclas Quimicas, Universidad Complutense, Madrid-3, Spain

Excess volumes of the binary mixtures o-xylene +
n-hexane, + n-octane, + n-decane, + n-dodecane, +
n-tetradecane, and + n-hexadecane have been measured
at 2908.15 K as a function of composition. Measurements
were made in a semicontinuous dliution dilatometer.

Introduction

Excess volume measurements of hydrocarbon mixtures have
been widely used to check liquid-state theories. Binary mixtures
of xylene + n-alkanes have been chosen to extend our in-
vestigations in order to study the influence of methyl groups and
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Table 1. Experimental Excess Volumes VE at 298.15 K

VE/ VE/ VE/
x {(ecm®mol!) x (ecm® mol'') x  (cm® mol™?)

o-Xylene + n-Hexane

0.0958 —0.1089 0.4427 -0.3261 0.7487 -0.2481
0.2259 -0.2258 0.4850 -0.3265 0.7920 -0.2164
0.3451 ~—0.2968 0.5069 -—0.3275 0.9020 -0.1134
0.3862 -0.3124 0.6079 -0.3098 0.9619 —0.0459
0.3965 -0.3161 0.6957 -—0.2793
o-Xylene + n-Octane
0.0408 0.0036 0.3217 0.0008 0.6049 —0.0190
0.1047 0.0056 0.4168 —0.0065 0.6094 -0.0186
0.1524 0.0056 0.4462 -—-0.0095 0.6733 -—0.0238
0.2219 0.0043 0.5053 -0.0142 0.7579 ~0.0216
0.2656 0.0033 0.5492 0.0171 09477 —-0.0078
o-Xylene + n-Decane

0.0737 0.0381 0.5798 0.1433 0.7989 0.0963
0.1852 0.0840 0.6105 0.1398 0.8690 0.0679
0.2039 0.0921 0.6205 0.1377 09414 0.0320
0.4377 0.1427 0.6705 0.1291 0.9780 0.0108
0.4573 0.1432 0.7143 0.1233

0.5228 0.1458 0.7784 0.1055

o-Xylene + n-Dodecane
0.1082 0.0734 0.5455 0.2317 0.7421 0.2005
0.2074 0.1337 05913 0.2294 0.8017 0.1709
0.2826 0.1698 0.6019 0.2309 0.8130 0.1623
0.4128 0.2140 0.6316 0.2240 0.8787 0.1200
0.4354 0.2202 0.6418 0.2242 0.9433 0.0583
0.4925 0.2291 0.6435 0.2249 0.9460 0.0562
0.5005 0.2285 0.6830 0.2166 0.9796 0.0255
o-Xylene + n-Tetradecane
0.0980 0.0800 0.5831 0.2865 0.7140 0.2618
0.2624 0.1899 0.6261 0.2836 0.7564 0.2429
0.3890 0.2489 0.6207 0.2824 0.7719 0.2378
0.4916 0.2752 0.6285 0.2823 0.8583 0.1751
0.5301 0.2814 0.6613 0.2770 0.9096 0.1234
0.5657 0.2833 0.6780 0.2733 0.9602 0.0607
0.5751 0.2845 0.6929 0.2710 0.9848 0.0242
o-Xylene + n-Hexadecane

0.1098 0.0922 0.6144 0.3202 0.7967 0.2488
0.2848 0.2176 0.6672 0.3120 0.8524 0.2066
0.4158 0.2852 0.7038 0.3008 0.9063 0.1447
0.5710 0.3212 0.7474 0.2818 0.9591 0.0664

their relative position in the aromatic ring on the excess volume.

In this paper we report the results for mixtures of o-xylene
+ n-alkkanes. We have found no data for these systems in the
consuited literature (7-3). The results for binary mixtures of
p-xylene + n-alkanes and benzene + n-alkanes have been
previously published (4, 5). The excess volumes for binary
mixtures of m-xylene + n-alkanes will be reported in a future
paper.

Experimental Section

Excess Volume Measurements. The excess volume was
measured as a function of composition by a dilatometric method
which is a modification of the one given in ref & and is described
in detail elsewhere (4). Two overlapping dilution runs were
required to cover the whole mole fraction range for each sys-
tem. The accuracy of any individual measurement of excess
volume was better than 0.001 cm® mol-'.
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Figure 1. Excess volumes VF against the mole fraction, x, of o-xylene:
(O) o-xylene + n-hexane; (@) o-xylene + n-octane; (A) o-xylene
+ n-decane; (M) o-xylene + n-dodecane; (0O) o-xylene + n-tetra-
decane; (A) o-xylene + n-hexadecane.

Materlals. The alkanes are the same as the ones used in
previos work (7). o-Xylene (Cario Erba RPE) has been treated
with sodium and used with no further purification. The purity
of the o-xylene was tested by comparing the experimental
density and refractive index with literature data; gas-chroma-
tography analysis was also used as a criterion of purity.

The experimental density at 298.15 K was found to be
0.87505 g cm™ compared with the iterature value of 0.875 83
g cm™ (8). The experimental refraction index, np (303.15 K),
was 1.49960. The literature value was 1.500 25 (8).

All of the systems were measured at 298.15 K. The ex-
perimental excess volumes are given in Table I and plotted in
Figure 1.

The experimental results were fitted to an equation of the
type

Table II. Parameters in Smoothing Eq 1, Their Respective Standard Deviations, and Standard Deviations for Excess Volumes, o(VE)

a(VEY
systems A, a(d,) A, g4,) A, a(Ad,) A, o(4;) (cm?® mol?!)

o-xylene + n-hexane -1.320 0.004 -0.012 0.006 0.078 0.011 0.0021
o-xylene + n-octane —-0.053 0.002 -0.135 0.004 0.018 0.007 0.0009
o-xylene + n-decane 0.582 0.006 0.074 0.020 -0.025 0.017 -0.109 0.034 0.0018
o-xylene + n-dodecanc 0.914 0.009 0.206 0.024 0.074 0.035 0.0018
o-xylene + n-tetradecane 1.112 0.003 0.332 0.009 0.139 0.008 0.058 0.001 0.0009
o-xylene + n-hexadecane 1.248 0.028 0.455 0.041 0.079 0.068 0.0018
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VE/[x(1 - x)] = ZA(2x - 1Y (1)

where x is the mole fraction of o-xylene for all of the systems.
The solid lines of Figure 1 are those calculated from the
smoothing equation. The coefficlents of eq 1, their respective
standard deviations, and the standard deviations for the excess
volumes are given in Table II.

The results for these systems can be compared with those
obtained for benzene + n-alkanes (5) and p-xylene + n-al-
kanes (4). Both o-xylene and p-xylene + n-akanes systems
show a very similar behavior. Excess volumes are slightly
smaller for those systems were p-xylene is one of the com-
pounds. The most remarkable difference Is that the excess
volume for o-xylene + n-octane changes sign (from positive
to negative) as the mole fraction of o-xylene increases, while
p-xylene + n-octane always shows a positive excess volume.

The excess volumes for benzene + n-alkanes are always
positive and are larger than those found for xylene + n-akanes.
These systems show a more ldeal behavior which Is probabty
due to the methyl groups Iin the aromatic ring.
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Excess Enthalples of Binary Systems of Cyclic Ether +

Cyclohexene

Jean-Plerre E. Grolier,*” Americo Inglese,’ and Emmerich Wilhelm*$
Centre de Thermodynamique et de Microcalorimétrie du C.N.R.S., F-13003 Marsellle, France

The molar excess enthalpy HE has been measured as a
function of mole fraction x at atmospheric pressure and
298.15 K for the binary liquid systems cyclohexene
(c-C¢H,y) + oxolane (tetrahydrofuran, C,H,0), + oxane
(tetrahydropyran, C3H,,0), + 1,3-dioxolane (1,3-C,H,0,),
+ 1,4-dloxane (1,4-CH,0,), and + cyclohexane
(c-C4Hy;), by using a flow calorimeter of the Picker
design. The mixtures with cyclic dlethers exhiblt relatively
large positive excess enthaiples: for 1,3-C,H,0, +
¢-CeHyo, H%(x = 0.8) = 1155.5 J mol™"; and for
1,4-CH 0, + c-CoH,g, HE(x = 0.5) = 909.7 J mol~'. The
excess enthalpy for C,H,0 + c-C,H,, Is considerably
smaller, i.e., H®(x = 0.5) = 285.5 J mol-', and C;H,,0 +
¢-C¢H,; shows S-shaped dependence of HE on x, with the
very small negative section being located at small mole
fractions of the cyclic ether (x < 0.0899). For c-C,H,, +
c-C4H,, the excess enthalpy ls rather symmetric, with
H%(x = 0.5) = 97.3 J mol".

Introduction

Excess enthalpies of binary liquid mixtures composed of
elther five- or six-membered cyclic ethers and various second
components (ranging from n-alkanes to alkanolc acids) were
reported in ref 1-5. As a sequel, we present here measure-
ments of the molar excess enthalpy HE at 298.15 K of the
binary systems cyclohexene (c-C¢H,,) + oxolane (tetrahydro-
furan, C,Hg0O), + oxane (tetrahydropyran, CsH,0), + 1,3-di-
oxolane (1,3'03“002), + 1,4'd|°xane (1,4'C4H302)1 and + Cy-
clohexane (c-CgH,;). These measurements will be used later
to assess, in terms of group-contribution theory (6), the influ-

' Present address: Laboratoire de Thermodynamique et Cinétique Chimique,
Unlversl!é de Clermont 11, F-83170 Aublére, France.
Preaent address: Istituto dl Chimica Fisica, Universita di Bari, Bari, Italy.
¥0n leave from Institut fir Physikalische Chemle, Universitat Wien,
Wihringerstrasse 42, A-1090 Wien, Austria.

Table I. Densities (p) of Pure Component Liquids at 298.15 K
p/kgm™®)
compd exptl Lit.

806.09 (9), 806.3,% 805.66 (11),
805.9 (12),805.70 (13)

cyclohexene 806.0

cyclohexane 773.9 773.89 (14)
oxane 879.1  879.22%
oxolane 881.9  881.97 (16)

1,4-dioxane 1028.2 1028.21 (17), 102797 18)
1,3-dioxolane 1059.1 1053.8¢

9 Interpolated value from ref 10. Y Interpolated value from ref
15. © Extrapolated value from ref 19.

Table II. Comparison of Experimental Molar Excess Enthalpies
HE at 298.15 K of the Test System Benzene (x) + Cyclohexane
(1 — x) with the Results of Marsh (20)

HE/(T mol™)

x exptl Marsh (20) §¢
0.2118 519.3 523.8 -0.9
0.3064 667.2 669.7 -04
0.4015 756.2 761.8 -0.7
0.4920 793.7 798.5 -0.6
0.5768 779.9 787.2 -0.9
0.6581 729.3 733.8 -0.6
0.7400 638.3 636.2 +0.3
0.9334 214.6 214.7 0.0

@ Percentage deviation § = IOO(HEexptl — HE M ren) HE Marsh-

ence of various structural parameters (ring size, proximity of
oxygen in diethers, n- interaction, etc.) on the thermodynamic
behavior of such mixtures.

Experimental Section

Materials. Source and treatment of the cycloethers have
been given previously (7). Cyclohexene (from Fluka, puriss.,
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