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Glossary
ay binary interaction parameter, K
total pressure, kPa

P® vapor pressure of pure component i/, kPa

q molecular-geometric area parameter for component
i

q' molecular-interaction area parameter for component
i

r molecular volume parameter for pure component /

R gas constant, 8.314 J/(mol K)

T absolute temperature, K

vt liquid molar volume of pure component i, cm3/mol

X; liquid-phase mole fraction of component /

Y vapor-phase mole fraction of component /

Zz lattice coordination number, a constant set equal to
10

Greek Letters

o7 activity coefficient of component /

6, area fraction defined by eq 7

8,/ area fraction defined by eq 8

A, Wilson binary parameter

Ai,, Wilson binary interaction parameter, J/mol

Ayy UNIQUAC binary interaction parameter, J/mol

o2 variance of fit

Ty UNIQUAC binary parameter

b, volume fraction defined by eq 6

¥ fugacity coefficient of component /

2 fugacity coefficient of pure component / at system
temperature and P,*®

Subscript

i component

Superscript

s saturation

Registry No. Acetonitrile, 75-05-8; 2-butanone, 78-93-3; benzene,
71-43-2; methanol, 67-56-1.
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Ultrasonic Velocity in Binary Mixtures of Alkylbenzenes at 25 °C

G. VRall* and G. Glola Lobbia

Dipartimento di Scienze Chimiche, Universita degii Studi, 62032 Camerino, Italy

Density and ultrasonic velocity values Iin the frequency
range 2.5-15 MHz at 25 °C were measured for binary
mixtures of ethylbenzene, o-xylene, m-xylene, and
p-xylene. Our data were discussed and compared, where
possible, with those found in the Iterature.

Introduction

Ultrasonic velocity data are of increasing interest in physical
chemistry because, as described in the literature (7-7), they
are the basis of structural studies of liquids. In fact, quantities
such as internal pressure and adiabatic compressibility depend

0021-9568/83/1728-0402$01.50/0

on the liquid structure, the extent of molecular interaction (8),
and the intermolecular free path (5) and they may be caiculated
by using ultrasonic veloclty data (9). Compressibility is one of
the fundamental measurements for calculating reduction pa-
rameters in the state equation according to Flory statistics (7,
7, 10, 11). In the course of physicochemical investigations
of organic systems being carried out in this department (7, 72,
13), we measured the ultrasonic velocities of mixtures of al-
kylbenzenes, for use in successive physicochemical studies.

Experimental Section

The interferometric method employed for the measurement
of ultrasonic velocity is described elsewhere (3, 4). The

© 1983 American Chemical Society
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Table I. Values of U (m s™*) as a Function of the Mole Fraction X,

ethylbenzene (1)~o-xylene (2)

ethylbenzene (1)-m-xylene (2)

ethylbenzene (1)-p-xylene (2)

X, U X, U X, U
1.0000 1297 1.0000 1297 1.0000 1297
0.8927 1299 0.8945 1298 0.8946 1296
0.7979 1301 0.8006 1297 0.8017 1292
0.6916 1305 0.6960 1299 0.7062 1290
0.5971 1306 0.6007 1298 0.6010 1291
0.4968 1307 0.5069 1297 0.5084 1289
0.3971 1312 0.4010 1298 0.4019 1288
0.2921 1317 0.2959 1299 0.2976 1287
0.1978 1322 0.2002 1299 0.2012 1289
0.0932 1324 0.0970 1298 0.0979 1289
0.0000 1328 0.0000 1300 0.0000 1290

Table II. Values of U (ms™') as a Function of the Mole Fraction X,

o-xylene (1)-m-xylene (2)

o-xylene (1)-p-xylene (2)

m-xylene (1)-p-xylene (2)

X, U X, U X, U
1.0000 1328 1.0000 1328 1.0000 1300
0.8965 1325 0.8958 1324 0.8938 1297
0.8027 1322 0.8028 1319 0.8003 1294
0.7077 1319 0.7088 1321 0.7048 1296
0.6038 1315 0.6050 1314 0.6014 1294
0.5100 1313 0.5116 1307 0.5073 1295
0.4034 1307 0.4051 1303 0.4010 1290
0.2997 1304 0.3004 1299 0.2962 1287
0.2026 1303 0.2031 1295 0.2003 1288
0.0989 1299 0.0992 1291 0.0972 1289
0.0000 1300 0.0000 1290 0.0000 1290

Table III. Values of Density (g mL™!) as a Function of the Mole Fraction X,

ethylbenzene (1)~o-xylene (2)

ethylbenzene (1)-m-xylene (2)

ethylbenzene (1)-p-xylene (2)

X, d X, d X, d

1.0000 0.8630 1.0000 0.8630 1.0000 0.8630
0.8927 0.8645 0.8945 0.8626 0.8946 0.8625
0.7979 0.8653 0.8006 0.8621 0.8017 0.8618
0.6916 0.8665 0.6960 0.8617 0.7062 0.8613
0.5971 0.8677 0.6007 0.8613 0.6010 0.8604
0.4968 0.8688 0.5069 0.8609 0.5084 0.8599
0.3971 0.8700 0.4010 0.8605 0.4019 0.8591
0.2921 0.8713 0.2959 0.8602 0.2976 0.8584
0.1978 0.8726 0.2002 0.8600 0.2012 0.8577
0.0932 0.8739 0.0970 0.8596 0.0979 0.8570
0.0000 0.8751 0.0000 0.8596 0.0000 0.8564

Table IV. Values of Density (g mL™') as a Function of the Mole Fraction X,

o-xylene (1)-m-xylene (2)

o-xylene (1)~p-xylene (2)

m-xylene (1)-p-xylene (2)

X, d X, d X, d
1.0000 0.8751 1.0000 0.8751 1.0000 0.8596
0.8965 0.8735 0.8958 0.8732 0.9838 0.8591
0.8027 0.8719 0.8028 0.8713 0.8003 0.8589
0.7077 0.8704 0.7088 0.8695 0.7048 0.8587
0.6038 0.8689 0.6050 0.8677 0.6014 0.8583
0.5100 0.8674 0.5116 0.8659 0.5073 0.8580
0.4034 0.8658 0.4051 0.8639 0.4010 0.8578
0.2997 0.8641 0.3004 0.8621 0.2962 0.8574
0.2026 0.8627 0.2031 0.8601 0.2003 0.8571
0.0989 0.8611 0.0992 0.8582 0.0972 0.8567
0.0000 0.8596 0.0000 0.8564 0.0000 0.8564

equipment was built in the “Instytut of Fundamental Thecno-
logical Research” of the Polish Academy of Sciences (Warsaw).
The Fluka puriss. p.a. products were used without further pu-
rification; the purity was guaranteed to be >99.0%.

Temperature control within 0.1 °C was obtained by means
of a Lauda uitrathermostat, for velocity measurements.

The mixtures were prepared as w/w solutions. The ultra-
sonic equipment can be used in the frequency range 2.5-15
MHz and in this range, within the experimental precision re-
ported (3) (1 m s7'), relaxation phenomena are not observed.

This has also been reported by Linde (74) for the whole ultra-
sonic range. Probably a relaxation phenomenon exists in the
hypersonic range (15, 16).

Results and Discussion

The ultrasonic velocities at 25 °C, as a function of mole
fraction, are given in Tables I and II. These resuits are in-
dependent of the frequency within the range 2.5-156 MHz. In
Tables 111 and IV the density values at 25 °C of the ditferent
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Figure 1. Ultrasonic velocity vs. the mole fraction X ,: (a) ethylbenzene
(1)-0-xylene (2), (b) ethylbenzene (1)}-m-xylene (2), (c) ethylbenzene
(1)-p-xylene (2), (d) o-xylene (1)-m-xylene (2), (e) o-xylene (1)}-p-
xylene (2), (f) m-xylene (1)}-p-xylene (2).

mixtures are given; they were obtained by a conventional
pycnometric technique. A reliabliity of &1 X 10* g mL™' was
obtained. The adiabatic compressibility (3,), ultrasonic velocity
(U), and density (d) are related by the equation (9)

B, = (Uay’ (M

The data in Tables I-IV allow us to evaluate the adiabatic
compressibility. The trend of ultrasonic velocity and compres-
sibility, as a function of the mixture composition, is shown in
Figures 1 and 2. Padmini et al. (77) calculated a molar sound
velocity, R, of 1348 and 1351 m s~ for ethylbenzene and
o-xylene, respectively. From these data it is possible to derive
velocities of 1315.; and 1380.; m s™', by using our density data
at 25 °C. Nath et al. (8) gave a value of 1288.8 m s~ for the
p-xylene at 30 °C. Reddy et al. (6) give 1335 m s~ for o-
xylene at 29.4 °C, 1308 m s~ for m-xylene at 28 °C, and 1310
m s~ for p-xylene at 29.5 °C. Prasad (5) gives 1367 m s~
for o-xylene at 23 °C. Takagi (78) gives 1292.5 m s~ at 30
°C and 0.1 MPa for the p-xylens, and 1303.8 m s™' at 30 °C
and 0.1 MPa for the m-xylene. Because of the differences in
the experimental conditions, a rigorous comparison between
literature and experimental resuits cannot be made, but in
generat it is possible to note a fairly good agreement.

We have not found any data for mixtures containing the
isomers of alkylbenzenes as used by us. The trend U (ultra-
sonic velocity) vs. X (mole fraction) is linear, within the exper-
imental sensitivity, for the ethylbenzene-m-xylene, o -xylene-
m-xylene, o-xylene—p-xylene mixtures, while the ethyl-
benzene-o-xylene, ethylbenzene—p-xylene, m-xylene—p -xylene
systems show a negative deviation from the additive rule, more
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Figure 2. Adiabatic compressibility vs. the mole fraction X ,: (a)
ethylbenzene (1)-o0 -xylene (2), (b} ethylbenzene (1)}-m-xylene (2), (c)
ethylbenzene (1)}-p-xylene (2), (d) o-xylene (1}-m-xylene (2), (e) o-
xylene (1)-p-xylene (2), (f} m-xylene (1)-p-xylene (2).

M

pronounced In the ethylbenzene-p-xylene system. Obviously
analogous behavior, that is, positive deviations, exists for the
compressibility. In order to elucidate this trend the research
needs to be continued, especially with the application of Flory
statistics, and therefore the expansion coefficient, o, must be
measured.
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