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Flguo 7. Compertson for diffusion coefficients of COP In blnary mix- 
tures between experimental results and calculated values from eq 4 
with n = ’ I 3 .  Symbols are the same as those In Figure 6. 

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

(4) 

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

Figure 7 shows the comparison between the diffusion 
coefficients DAm calculated from eq 4 wlth the same n = ’I3 
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 COP in various binary mixtures 
based on viscosity-composition curves are evaluated with a 
reasonable accuracy from eq 3 and 4 with n = ’I3, respec- 
tively. 

Glossary 

AI 
a 
D 
I 
n 
N A  
R 
T 
t 

solubility of gas in liquid, mol/m3 
gas-liquid interfacial area, m2 
diffusion coefficient of gas in liquid, m2/s 
thickness of stagnant liquid film, m 
constant of eq 4 
absorption rate of gas into liquid, moi/(m2 8)  
gas constant, J/(mol K) 
temperature, K 
gas-liquid contact time, s 

V 
V moiar volume, m3/mol 
X 

Greek Letters 
6 solubility parameter, (kJ/m3)’I2 
c porosity of membrane 
P viscosity, Pa s 
V kinematic viscosity, m2/s 

Subscripts 
A dlffusing component 
B 
C 
i i component 
m mixture 

volume of liquid-side cell, m3 

mole fraction in liquid phase 

B component in mixture (system of B-C) 
C component in mixture (system of 9-C) 
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Excess Volumes of Binary Mixtures of o-Xylene -t n-Alkanes 

M. Chceres Alonro and J. NuRez Delgado‘ 

Departamento de Quimlca Fislca, Facultad de Clenc&s Quimlcas, UniversMad Complutense, Madrid-3, Spaln 

Introduction Excess vdumer of the blnary mlxturer o-xylene + 
n-hexane, + noctane, + ndecane, + n-dodecane, + 
n-tetradocane, and + n-hexadocane have been measured 
at 288.15 K as a tunctlon ol comporltlon. Measurements 
were made in a MMllcontlrmour dllutlon dilatometer. 

Excess volume measurements of hydrocarbon mixtures have 
been 
of xylene + n-alkanes have been chosen to extend our in- 
vestigations in order to study the influence of methyl groups and 

u88d to check ,iqu,,,+,bte theories. 
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Table I. Experimental Excess Volumes VE at 298.15 K 

VEI VE/ VEI 
x (cm3 mol-') x (cm3 mol-') x (cm3 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 0.9477 -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 0.9414 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 0.5913 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 0.2289 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 

t h e w  relative position in the aromatic ring on the excess volume. 
In  this paper we report the results for mixtures of o-xylene 

+ n-atkanes. We have found no data for these systems in the 
consulted 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. 

Experlmental Section 

Exceas Vdwne Measurements. The excess volume was 
measued as a function of composition by a diiatmtric method 
which is a "cation of the one given in ref Gand 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 indivldual measurement of excess 
volume was better than 0.001 cm3 mol-'. 
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I. EX- vokme~ VE against the mde fraction, x ,  of o-~ylene: 

(0) o-xylene + n-hexane; (0) o-xylene -+ noctane; (A) 0-xylene + n-decane; (B) o-xylene + ndodecane; (0) o-xylene + n-tetra- 
decane; (A) 0-xylene + n-hexadecane. 

Mateflab. The alkanes are the same as the ones used in 
previos work (7). o-Xylene (Carlo Erba R E )  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 crlterion of purity. 

The experimental density at 298.15 K was found to be 
0.875 05 g cm3 compared with the literature value of 0.875 83 
g ~ m - ~  (8). The experimental refraction index, n, (303.15 K), 
was 1.49960. The literature value was 1.50025 (8). 

Resutts 

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 experlmental results were fitted to an equation of the 
type 

Table 11. Parameters in Smoothing Eq 1, Their Respective Standard Deviations, and Standard Deviations for Excess Volumes, o(VE) 

systems 

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 + ndecane 0.582 0.006 0.074 0.020 -0.025 0.017 -0.109 0.034 0.0018 
o-xylene + ndodecane 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(l - x ) ]  = EA,(& - 1)’ 

where x is the mole fraction of 0-xylene for all of the systems. 
The solld lines of Figure 1 are those calculated from the 
smoothing equation. The coefficients of eq 1, their respective 
standard deviatbns, and the standard devlatlons for the excess 
volumes are given in Table 11. 

The results for these systems can be compared wlth those 
obtained for benzene + n-aikanes (5) and p-xylene + n-ad 
kanes (4). Both o-xylene and p-xylene + n-alkanes 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 + noctane changes sign (from positive 
to negative) as the mole fraction of o-xylene increases, while 
p-xylene + noctane always shows a positive excess volume. 

The excess volumes for benzene + n-alkanes are always 
poslthre and are largerthan thosefound forxyisne + n-akanes. 
These systems show a more ideel behavior which is probably 
due to the methyl groups in the aromatic ring. 
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Excess Enthalpies of Binary Systems of Cyclic Ether + 
Cyclohexene 

Jean-Plerre E. Groller, *t Amerlco Inglese,t and Emmerlch Wllhelm*§ 
Centre de Thwmo@“ique et de Microcalorlm6trie du C.N.R.S.. F- 13003 Mmeille, France 

The molar excess enthalpy HE has h n  measured as a 
function of mob fraction x at atmsphwk pressure and 
298.15 K for the Mary  Mquld systems cyckhexene 
(c-C,Hlo) + oxdane (tetrahydrofuran, C4H80), + oxane 
(tetrahydropyran, CIHloO), + 1,3dbxolane (1,3-CaH,O,), 
+ 1,ddkxae (l,cC4H,02), and + cyclohexane 
(c-C,H,,), by wing a flow calorimeter of the Picker 
dedgn. The mlxtwes wtlh cyclic dlethers exhibit relatively 
large podHve e x c w  enthalpies: for 1,8-C,H,O2 4- 
c-C,Hlo, He(, = 0.5) = 1155.5 J mol-‘; and for 
1,4-C4H80g + c-C8Hlo, HE(x = 0.5) = 909.7 J mol-’. The 
excess enthalpy for C4H80 + c-C,Hlo b conrlderably 
smaller, Le., He(, = 0.5) = 285.5 J mol-‘, and CIHloO + 
c-C,Hlo ahows $-shaped dependence of HE on x ,  wlth the 
very small negatlve section belng hated  at small mole 
fractlonrr of the cyclic ether ( x  < 0.0899). For c-C,H,, + 
c-C,Hlo the excess enthalpy b rather symmetric, wlth 
HE(x = 0.5) = 97.3 J &‘. 
Introduction 

Excess enthalpies of binary liquid mixtures composed of 
either five or slx-membered cyclic ethers and various second 
components (ranging from n-aikanes to alkanoic aclds) were 
reported in ref 7 -5. As a sequel, we present here measure- 
ments of the molar excess enthalpy HE at 298.15 K of the 
binary systems cyciohexene (C-C&) + oxolane (tetrahydro- 
furan, C,H,O), + oxane (tetrahydropyran, C,HloO), + 1,3di- 
oxolane (1 ,3-C3H,,02), + 1 ,ddloxane (1 ,4-C,H,02), and + cy- 
clohexane (c-C6Hlp). These measurements will be used later 
to assess, in terms of group-contribution theory (6), the infiu- 

R e n t  address: Laboratoke de Thennodynamlque et CinQiqua Chimique. 
UnhrersU de Clermont 11, F-63170 Aubl&e. France. 
*Resent address: Isthto dl Chlmlca Fklce, UnlversltH di Bed, Barl, Italy. 
‘On leave from Instltut fW Physlkalische Chemle, Unlversitlrt Wlen, 
WMngerstrasse 42, A-I090 Wlen, Austria. 

Table I. Densities (p) of Pure Component Liquids at 298.15 K 

compd 
cyclohexene 

cyclohexane 
oxane 
oxolane 
1,4dioxane 
1,3dioxolane 

P/&g m . 9  
exptl lit. 

806.0 806.09 (91,806.3,‘‘ 805.66 (111, 

773.9 713.89 (14) 
879.1 879.22b 
881.9 881.97 (16) 

805.9 (12), 805.70 (13) 

1028.2 
1059.1 1053.8‘ 

1028.21 (1 7), 1027.97 (18) 

Interpolated value from ref IO. Interpolated vdue from ref 
15. Extrapolated value from ref 19. 

Table 11. 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) 

X 

0.2118 
0.3064 
0.4015 
0.4920 
0.5768 
0.6581 
0.7400 
0.9334 

HE/(J mol-’) 
exptl Marsh (20) 

519.3 523.8 
667.2 669.7 
756.2 761.8 
793.7 798.5 
779.9 787.2 
729.3 733.8 
638.3 636.2 
214.6 214.7 

-0.9 
-0.4 
-0.7 
-0.6 
-0.9 
-0.6 
+0.3 
0.0 

Percentage deviation 6 = 100(HE,,,~~ - HE~vIarsh)/H E M=&. 

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

Experlmenlal Section 

MaferlSEs. Source and treatment of the cycloethers have 
been given previously ( 1 ) .  Cyciohexene (from Fluke, puriss., 
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