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ABSTRACT

The light scattering method for measuring interactions in binary mixtures has been
applied to three groups of mixtures of carbonyl compounds with aromatic hydrocarbons;
namely, alkyl acetate-benzene mixtures, alkyl acetate-toluene mixtures, and butanone—
aromatic hydrocarbon mixtures. The interaction coefficients are rather small and, within each
group, they exhibit well defined trends. This behavior is explained as a result of a specific
interaction between an electron accepting aromatic ring and an electron donating carbonyl.

INTRODUCTION

In our previous papers [1,2], we reported that by improving the precision
for gathering the Rayleigh scattering data and by incorporating the concept
of excess isothermal compressibility of liquid mixtures, the light scattering
technique can be successfully used for the characterization of thermody-
namic interactions in binary mixtures in an effective and simple way. We
also discussed the dependence of attainable accuracy of interaction parame-
ters on various factors. The key elements are the difference beiween the
refractive indices of the two components and the experimental accuracy in
determination of isotropic Rayleigh ratio and of isothermal compressibility.

Thermodynamic interaction data for liquid mixtures are usually obtained
from measurements of vapor-liquid equilibria. As a consequence, the major-
ity of such data refer to the vicinity of the boiling temperatures of the liquids
involved. The interaction data at ambient temperatures are relatively rare. In
ongoing research, we are trying to remedy this situation by studying families
of binary mixtures using the light scattering technique at 20°C. In this
paper, we present the results of our studies of mixtures of aromatic hydro-
carbons with alkyl acetates and with butanone.

* To whom correspondence should be addressed.

0040-6031 /91 /$03.50 © 1991 — Elsevier Science Publishers B.V.



238

THEORY

Light scattering of a liquid is usually measured using unpolarized light
and is expressed in terms of the Rayleigh ratio. The total scattering Rayleigh
ratio, R,, consists of two parts, isotropic scattering R;, and anisotropic
scattering R,,; R, can be further divided into the density scattering R; and

the compositional scattering R_:
Rt=RiS+Ran=Rd+RC+Ran (1)

R, and R,, are obtained experimentally by measuring the intensity and the
depolarization of the scattered light. R, is calculated as
de )2

P3p B (2)

R, = (wsz/zxg)(
T

where 8, € and p are the isothermal compressibility, dielectric constant and

density of the liquid, respectively; A, is the wavelength of the light in vacuo;

k and T have their usual meanings. The value of (p d¢/0dp) is calculated

using Eykman’s relation [1,3].

The isothermal compressibility 8 of mixtures is usually quite close to the
volume fraction weighted average of the compressibilities of its components
B;; the deviation from the average is conveniently expressed by the composi-
tion-dependent excess compressibility 8F that must be determined from an
independent experiment. The appropriate relation reads

.B = .314’1 + .324’2 + .BE¢1¢2 (3)

where ¢, is the volume fraction of the ith component.
The compositional scattering R, is related to the chemical potential of the
components of the liquid g, as

(dii/dx,)’
(aﬂz/axz)P,T] (4)

where x; is the mole fraction of the ith component, V' is the molar volume
of the mixture, and 7 is its refractive index.

Similarly to our previous paper [2], we are describing the thermodynamic
behavior of the mixture by means of interaction functions g and F®™
defined as

2
R, = (_2’;4kT) Vi, 2
0

AG,, = RT[nl In x, +n, In x, + (n, + nz)xlng(x)] (5)
dg®  xx, [ d%g™
(x) = 5= — -
F®=g® 4 (xy—x;) dx, 2 dx2 (©)

There, AG,,, is the change of Gibbs energy upon mixing, R is the gas
constant, and n; is the number of moles of the ith component. Using
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standard thermodynamic manipulations, eqn. (4) is combined with eqns. (5)
and (6) yielding

F®=(1/2)[1/x + 1/x,— (20 /Ny ) 2 (dA/dx, ) V/R ] (7)

where N, is the Avogadro number.

Once the function F™ has been measured for the whole range of
compositions of the mixture, g¢* is obtained by integration.

Alternatively, AG,,;, may be expressed by means of volume fractions ¢; as

AGy = RT['I1 In¢, +n,In¢, + "1¢2g(¢’1)] (8)
dg®? ¢, A%V
(¢.1) = 5(¢.1) - —
F@®D =g 4 (¢, - ¢,) do, 2 de? ©)

Unlike eqn. (5), eqn. (8) is not symmetrical with respect to both components.
Thus, the introduction of the second identifying superscript is necessary.
The function F®V is calculated from R_ according to the relation

FOO=(1/2)[1/6) +1/8,V, — (20 /NNy ) A2 (dA/d e, ) /R ] (10)

For many purposes it is convenient to use still another interaction
parameter, B,,, defined as

AGnin/V=RT[(/V1) In 61 + (¢/V3) In ¢] + Biyiss, (11)
It is related to the above defined parameter g'*? as

By, =RTg“*V/1 (12)
EXPERIMENTAL

The techniques and equipment used for measuring various experimental
data are essentially the same as those given in the previous papers [1,2]. The
materials utilized in the present study were ACS certified, having a nominal
purity of more than 99%. They were further purified using a 30 cm
fractionation column. The mixtures were prepared by direct weighing using
a Mettler analytical balance. The refractive indices of the pure liquids and
mixtures were obtained at the wavelength of 546 nm using a Bausch and
Lomb precision refractometer. Densities were determined with an Anton
Paar—Mettler oscillatory densitometer. For light scattering measurement all
samples were passed through a 0.45 pm Teflon filter to ensure that they were
dust free.

The isothermal compressibilities of pure components were obtained from
their isotropic Rayleigh ratio R, (which for pure substances is equal to R,)
according to eqn. (2). The excess compressibilities were measured for alkyl
acetate—benzene and alkyl acetate—toluene systems. They were obtained
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from experimental measurements of compressibility of both pure compo-
nents (these values agreed reasonably with the values obtained from light
scattering) and of a mixture with ¢, = (0.5. The measurements were made
using a piezometer constructed in our own laboratory. While the quality of
the results was not completely satisfactory, the estimated error in values of
the total compressibility never exceeded 1%.

All measurements were performed at 20° C.

RESULTS AND DISCUSSION

The present study is devoted to mixtures of aromatic hydrocarbons with
compounds containing carbonyl. The data comprise three groups of mix-
tures: alkyl acetates—benzene, alkyl acetates—toluene, and butanone-
aromatic hydrocarbons. The acetates include methyl acetate, ethyl acetate,
propyl acetate, and butyl acetate. The aromatics were benzene, toluene,
ethylbenzene, and p-xylene. The refractive indices 7i and densities p are
listed in Table 1. It can be seen that the difference in refractive indices of
any measured pair of substances is larger than 0.10. In our previous paper
[2] it has been pointed out that the calculated thermodynamic interaction
parameters become acceptably accurate for such mixtures.

For the analysis of the light scattering data, refractive indices and excess
isothermal compressibilities of the mixtures need to be known as functions
of the composition of the mixtures. The dependence of the refractive index
on the composition is described as

=3 Bj¢2j (13)
j=0

The relevant coefficients B, are collected in Table 2. (B,, which is not

tabulated, is the refractive index of the component listed first in the table.)

TABLE 1

Refractive indices and densities of pure components at 20°C

Liquid i p
(Ao =546 nm) (gcm™?)

Methyl acetate (MA) 1.3628 0.9320
Ethyl acetate (EA) 1.3738 0.9007
Propyl acetate (PA) 1.3858 0.8880
n-Butyl acetate (BA) 1.3957 0.8820
Butanone (BU) 1.3805 0.8054
Benzene (BE) 1.5052 0.8792
Toluene (TO) 1.5009 0.8669
Ethyl benzene (EB) 1.4990 0.8670

p-Xylene (PX) 1.4993 0.8660
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TABLE 2

Coefficients of eqn. (13) for refractive indices, and excess compressibilities for binary
mixtures

System B, B, B, BE x 10" AB/Bis
(m* N7

MA-BE 0.13185 0.00841 0.00199 0.00 0.00
EA-BE 0.12473 0.00464 0.00202 0.84 0.02
PA-BE 0.11354 0.00366 0.00225 0.00 0.00
BA-BE 0.10373 0.00246 0.00324 0.69 0.02
MA-TO 0.13083 0.00699 0.00 0.53 0.01
EA-TO 0.12406 0.00303 0.00 -0.71 -0.02
PA-TO 0.11283 0.00172 0.00 0.59 0.02
BA-TO 0.10250 0.00252 0.00 0.44 0.01
BU-BE 0.12256 0.00195 0.00

BU-TO 0.12205 —0.00166 0.00

BU-EB 0.11954 —0.00083 0.00

BU-PX 0.11960 —0.00170 0.00

The values of the excess compressibility coefficient 8% measured at ¢, = 0.5
are listed in the same table together with the ratio AB8/B,; where B, is the
volume-fraction based average of the compressibility of the components of
the mixture; AB = 8F¢,¢, is the change in compressibility that is due to the
measured excess compressibility. The value of the ratio is listed for ¢, = 0.5;
presumably, it has the highest value at this composition. It is apparent that
for all mixtures measured the value of the ratio has about the same
magnitude as the acceptable experimental error in the measurement of
compressibility (see ref. 2). Thus, for the present study, the introduction of
the excess compressibility has only marginal importance and possible errors
in our measurement of B (and its neglect for butanone—aromatic hydro-
carbon mixtures) do not lead to serious deterioration of our interaction data.

The total, isotropic, and compositional Rayleigh ratios for all measured
mixtures are listed in Table 3 for alkyl acetate—benzene systems, in Table 4
for alkyl acetate—toluene systems, and in Table 5 for butanone—aromatic
hydrocarbon mixtures. It should be noted that a given binary system
including both pure components was always measured in one light scattering
session and that the values measured for pure components on that particular
day were used in the calculations. That explains the slight variations of the
values presented in our tables for pure components. The dependence of the
compositional scattering ratio R_ on the volume fraction of benzene for the
alkyl acetate—benzene mixtures is plotted in Fig. 1.

Figures 2 and 3 illustrate the compositional dependence of F* and
gV functions for systems of methyl acetate—benzene and ethyl acetate—ben-
zene, respectively. The error was evaluated according to the assumption that
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TABLE 3
Rayleigh ratios and their components for alkyl acetate—benzene mixtures at 20°C
System ¢, X102 Rayleigh ratio System ¢, X10>  Rayleigh ratio
x10* m™hH x10% (m™1)
Rt Ris Rc Rt Ris Rc

MA-BE 0.0 444 247 000 EA-BE 0.0 480 2.89 0.00

8.3 628 347 0.83 11.7 717 419 1.03

19.7 8.57 474 1.84 19.7 879 501 1.66

30.1 10.68 596 2.80 30.1 10.71 595 235

39.9 1240 6.77 337 39.8 1232 6.63 279

50.0 1393 723 356 49.8 13.76 7.11 3.03

60.0 15.08 7.67 371 60.1 15.08 748 3.13

69.1 15.88 7.62 3.38 70.3 1599 1745 284

80.1 1658 7.13 252 79.8 16.58 7.13 227

91.0 16.83 630 1.31 89.5 16.87 648 1.38

100.0 16.70 532 0.00 100.0 16.70 536 0.00

PA-BE 0.0 475 292 000 BA-BE 0.0 473 289 0.00

10.0 6.86 3.89 0.77 9.3 6.57 372 0.64

19.4 849 473 141 29.6 10.10 5.17 1.64

29.9 10.29 546 1.93 39.4 11.65 569 1.92

39.5 11.85 6.08 232 49.7 1313 619 217

499 1329 6.65 2.65 60.7 1443 651 222

61.2 1471 682 254 69.7 1542 6.65 212

69.3 1549 690 241 80.3 16.21 6.54 1.73

79.6 16.27 6.84 2.07 100.0 16.70 535 0.00

100.0 16.70 538 0.00

the precision of the light scattering measurement AR, /R, and the precision
of the compressibility coefficient measurement AS/f were both equal to
0.01. The F values become less precise near both ends of the composition
range where R_ is getting smaller. In the middle portion of the range, the
typical error is around +0.07. As a general rule, the g function is much
flatter than the F function: consequently, its error is about the same (as the
error of the F function) in the middle of the range, but is smaller near the
ends of the concentration scale. It is seen from Figs. 2 and 3 that the
compositional dependence of g'®", if present, is masked by experimental
errors. This is also true for all other systems studied. We will therefore
report the values of g{®" that correspond to the middle of the concentration
range. While eqn. (8), the Flory—Huggins relation, which is based on volume
fractions, is routinely used in polymer studies, eqn. (5), which is based on
molar fractions is routinely used in thermodynamic studies of mixtures of
small molecules. We have therefore evaluated both g and g®. It should
be obvious that, for mixtures of components with different molar volumes,
the fact that g® is composition independent implies that g is composi-
tion dependent and vice versa. However, during the evaluation procedure
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TABLE 4
Rayleigh ratios and their components for alkyl acetate-toluene mixtures at 20°C
System ¢, X102 Rayleigh ratio System ¢, X102  Rayleigh ratio
x10* (m™1) x10* (m™h
R, Ris R, R, R R,
MA-TO 0.0 446 252 000 EA-TO 0.0 481 290 0.00
9.7 6.87 384 112 20.6 955 535 210
19.9 932 518 224 30.7 11.73 6.24 278
29.7 11.63 6.36 3.21 40.0 1346 691 3.30
39.6 13.67 7.26 3.88 50.1 15.18 731 350
49.6 1542 778 417 60.6 16.65 746 3.44
59.5 1674 7.89 4.04 70.3 1779 726 3.03
70.1 17.87 751 3.40 80.2 1873 6.75 230
79.2 18.56 6.87 2.54 90.1 1940 592 125
89.9 19.25 591 131 100.0 1995 491 0.00
100.0 1971 4385 0.00
PA-TO 0.0 481 297 000 BA-TO 0.0 482 301 000
9.7 7.02 398 0.84 10.7 718 4.01 0.80
20.3 947 497 163 20.0 8.86 4.64 1.25
29.9 1110 557 2.03 29.4 10.82 527 1.69
40.1 13.06 6.14 241 393 1270 586 2.08
50.6 1492 6.61 2.69 498 1423 615 216
59.9 16.44 671 2.62 59.9 1632 6.62 241
70.4 17.75 644 216 69.7 1699 640 2.00
79.7 1881 6.15 1.69 80.3 1835 625 1.62
100.0 2040 4.80 0.00 100.0 2039 5.05 0.00

the experimental errors masked the dependence of g on composition as
well. Consequently, we are reporting both values g*' and g as a single
value corresponding to the middle of the composition range.

The experimentally found values of g‘*" and g‘® are presented in Table
6. These values are very consistent among themselves: in both the alkyl
acetate—benzene group and the alkyl acetate—toluene group the g‘®? values
regularly decrease with increasing size of the alkyl group; in the butanone—
aromatic hydrocarbon group the values increase with increasing substitution
of the benzene ring.

Direct comparison of our results with literature values of g‘®" was not
possible; none of these values exists in the literature. We have therefore
utilized four different approaches for estimating the g(*! values from
various types of data in the literature. In the first approach we utilized the
vapor-liquid equilibrium data of Kraus and Linek [4], Linek et al. [5] and
Nagata et al. [6], which were available for six of our twelve binary systems.
For every case, the equilibria were measured at a number of compositions
and at three temperatures (in 10°C intervals somewhere in the 30-75°C
region). Using routine thermodynamic calculations we have evaluated g®
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TABLE 5
Rayleigh ratios and their components for butanone—aromatic hydrocarbon mixtures at 20°C
System ¢, x10?  Rayleigh ratio System ¢, X10%>  Rayleigh ratio
x10"* (m™ 1) x10* (m™ 1)
R t Ris Rc Rl Ris Rc
BU-BE 0.0 443 305 0.00 BU-TO 0.0 459 313 0.00
10.5 6.68 4.09 0.83 20.5 9.09 521 170
20.6 864 494 147 29.9 11.05 6.03 234
306 1035 577 2.07 39.7 1285 6.50 2.63
40.6 1200 641 2.50 49.8 1429 688 282
50.1 1324 678 2.64 60.3 1586 699 275
60.4 1447 702 265 70.1 1722 691 249
69.8 1533 697 238 80.0 1797 632 173
80.2 16.11 6.66 1.82 90.0 1885 573 097
90.8 1647 610 1.00 100.0 1972 492 0.00
100.0 1670 5.33 0.00
BU-EB 0.0 451 305 000 BU-PX 0.0 453 3.09 000
11.1 720 444 121 104 736 435 1.09
19.7 893 534 196 19.5 1040 540 1.99
30.1 1091 6.26 272 30.3 1225 630 273
40.4 1265 6.89 3.18 40.2 1446 693 321
49.8 1398 727 341 49.9 16.62 726 340
60.3 1497 1718 315 59.8 1812 720 321
69.8 1576 6.96 2.80 69.7 2020 698 286
78.8 16.21 6.31 202 80.0 2195 631 207
89.3 16.60 547 1.04 88.2 2310 552 119
100.0 1685 4.56 0.00 100.0 2565 447 0.00
5.0 T T 1
4
4.0 =
30} .
R, X 10% ]
201 -
I
1.0 —
L
1 1 1 1
086 oz o4 o0s o8 10
L

Fig. 1. Dependence of the compositional Rayleigh ratio R for the alkyl acetate—benzene
mixtures, on benzene volume fraction ¢,: o, MA-BE; ®, EA-BE; a, PA_BE; m, BA-BE.
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Fig. 2. Dependence of the interaction functions F‘" (full line) and g‘*V (broken line) for
the methyl acetate—benzene mixtures on benzene volume fraction ¢,.

for all experimental points. While the values for compositions close to both
ends of the concentration scale were slightly erratic (the apparent slope and
curvature of the dependence on the composition changing erratically from
temperature to temperature), the values in the middle of the scale seemed to
be quite dependable. The temperature dependence of the values at ¢, =0.5
was small, scattered, and clearly within the experimental error. We have
chosen the following method of evaluation: the composition dependences
were approximated by a polynomial of second order; the values interpolated
for ¢, =0.5 were then averaged for the three temperatures. The results are
reported in the fourth column of Table 6; we estimate that they are accurate
within +0.02.

[ T T T il 1

o 1)0'5 - P

g 5 4

or L ]

w,n | |
o,

oo .

o <

-05m~ -~

-1.0 ] 1 ! 1 )

00 02 o4 06 08 10

L2
Fig. 3. Dependence of the interaction functions 1 (full line) and gV (broken line) for
the ethyl acetate-benzene mixtures on benzene volume fraction ¢,.
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TABLE 6
Interaction coefficients of twelve binary mixtures at ¢, =0.5?
System g™ g By,
-3

@  Is V-L PFP  IGC  UNIFAC Jem™)
MA-BE 0.24 023 0.37 0.42 0.25 0.28 71
EA-BE 0.00 000 010 0.11 0.11 0.14 0.1
PA-BE -0.15 -0.14 0.01 0.05 -30
BA-BE -0.27 -0.27 -0.03 0.00 -5.0
MA-TO 0.36 0.35 0.37 0.24 10.7
EA-TO 0.23 022 0.26 0.22 0.08 5.5
PA-TO -0.20 —0.21 0.10 -0.02 —-4.5
BA-TO -0.29 -0.31 0.04 -0.09 -57
BU-BE —0.04 -004 018 —0.05 0.23 0.28 -1.1
BU-TO 0.06 0.06 0.27 0.13 0.35 0.27 1.6
BU-EB 0.27 0.27 0.37 0.13 0.43 0.38 7.4
BU-PX 0.35 0.33 0.23 9.0

? LS, light scattering; V-L, vapor-liquid; PFP, Prigogine—Flory—Patterson; IGC, inverse gas
chromatography.

In our second approach we have employed the Prigogine—Flory—Patter-
son (PFP) theory [11] of liquid mixtures and the published data of enthalpies
of mixing. These data were available for five of our binary systems [7-10].
According to the PFP theory, the interaction parameter x* (which is
identical to function g‘®Y*, which in turn is an equivalent of function g‘¢V
expressed in core volumes) may be expressed as a sum of an enthalpic
parameter x5 and an entropic parameter x§. These parameters can be
calculated as [11]

Vx| e ~_ ) S Pr, —
i~ o X = (5 =) - (e =) (19
31/]* Pl* 51/3 -1 P2* 51/3 -1
*
XsT TR | T ln( 7A-1) T T fn y* -1 (15)
Here V;*, P*, and T;* are, respectively, the core volume, characteristic

pressure, and characteristic temperature of the ith component, ¢* is the
core volume fraction, #;, and 7 are the reduced volumes of component i and
of the mixture, respectively. X, is the contact interaction parameter of the
mixture, §;, is the surface fraction of ith component. Further relevant
relations of the PFP theory define the reduced quantities &, P, and T as

§=uv/v* P=P/P* T=T/T* (16)
T= (8% -1)/5? (17)

These relations are applied to both components as well as to the mixture.
For pure components, the quantities 7;,, and P* are calculated from

H
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TABLE 7

Parameters used in the Prigogine-Flory—Patterson (PFP) approach for calculating interaction
parameters at 25°C

Liquid «;x10>° B,x10° S, V.cm* V*(@em® P*(J T* §
KhHe (emI Y mol™) mol™!) em™3?) (K)

MA 1.41[13] 1.14[13] 1274 7990 6025 649.5 4403 1.326
EA 1.37[13] 1.17[13] 1183 9851  74.69 607.3 4461 1.320
BU 1.31[14] 1.16(15] 1151  90.17  68.94 5760 4555 1.308
BE 1.22[16] 0.97[16] 1261  89.40  69.24 6251 4715 1.291
TO 1.09[16] 0.92[16] 1200 106.87 84.42 569.1 4994 1266
EB 1.02[17]) 0.87[17] 1.173 123.08  98.16 5549 5147 1254

* References are given in brackets.

literature values of the thermal expansivity «;, and the isothermal com-
pressibility 8; as

61 =1+aT/3(1 +,T) (18)
P = aiTﬁiz/Bi (19)

The core molar volume V;* is calculated from the experimentally accessible
molar volume V; and from §;; the core column fractions ¢* and surface

i

fractions §; are calculated as
oF =1—oF =x "/ (x* + x05*) (20)
8, = XV7*S,/ (x1V1*S1 + x,V5*S,) (21)

Here S; is the specific surface per unit core volume of the ith component.
The experimental values of «;, B;,, V;, and S; are collected in Table 7
together with the values derived from them: V,*, P* T;* and . (T;* is
calculated from eqns. 16 and 17). The §; values were adopted from the
paper by Munk et al. [12). The characteristic temperature of the mixture 7 *

is related to other relevant parameters as

TP+ IR — 910, X,

*
T = S Pr /T + 2P /T

(22)

The starting point for our calculations was the experimental data for
molar enthalpy of mixing AH,, ; these data were available either in the
form of the coefficients of the Redlich—Kister equation [9,10], or as individ-
ual points [7,8]. The AH_;, values are related to xj; as

AH,;, = x93 xi/RT (23)
The calculation consists of an evaluation of the remaining variables of the

mixture, namely &, X,,, and T* (or T). These variables were obtained by a
computer numerical solution of eqns. (14), (17) and (22). Once 7 is known,
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TABLE 8

Reduced volume and interaction parameters of five binary mixtures calculated from PFP
theory at ¢; = 0.5

System ] X1z X1 x$ x*

MA-BE 1.313 22.08 0.55 —0.14 0.41
EA-BE 1.305 470 0.13 -003 0.10
BU-BE 1.299 —~2.54 —-0.08 0.03 -0.05
BU-TO 1.291 5.16 0.14 -0.01 0.13
BU-EB 1.281 5.07 0.13 0.01 0.14

x* is evaluated easily; its transformation into g®*" (which is based on
volume fractions, not core volume fractions) is straightforward. For all our
systems, x* and g‘? differ only in the third decimal place. We have
evaluated the x* values at 25° C for the whole compositional range (using
the experimental or Redlich-Kister value of A H_;, at each point). However,
all the values (with a few minor exceptions close to the ends of the
compositional range) were within +0.03 of the value calculated for ¢, =0.5.
The xf, x&, 0 and X, values for the five systems are reported in Table &;
the g‘*? value is also included in Table 6.

In our third approach we have utilized the concept of modified solubility
parameters we have reported elsewhere [12]. According to this approach, the
cohesive energy of a pure substance (subscript 1) ¢, and the interaction
coefficient B,;, of a mixture can be expressed by means of five parameters
per component; namely, reduced molecular surface per unit volume S; (the
same quantity as in eqn. 21); the van der Waals solubility parameter §; ,,; the
polar solubility parameter §, ,; and the electron donor and electron acceptor
solubility parameters §;4 and §, ,, respectively. The relevant relations read

€ = S1(812,w + 812,p + 61,:181,d) (24)
B = RTg'®V _ S5,
2TV S+ 859,
2
X [(81,w - 82,w)2 + (8l,p - 82,p) + (81,a - 82,a)(81,d — 84 )]
(25)

The five parameters were evaluated for a large number of solvents using
the technique of inverse gas chromatography at 100°C [12]. The data
referring to components of our mixtures are presented in Table 9; the g(*V
values evaluated for our mixtures at ¢, = 0.5 are included in Table 6.

The fourth approach employed the concept of group contributions to the
interactive behavior of mixtures. We have followed the UNIFAC method as
described in ref. 18. This method yields the activity coefficients v, and 7v,.
From these coefficients, g'*) is easily evaluated as

g¥xx,=x; Iny,+x, Invy, (26)
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TABLE 9

Surface ratio and components of the solubility parameter of pure components at 100° C
Liquid S; 8w 8 8ia 84
MA 1.274 6.837 2.846 0.795 1.271
EA 1.183 6.854 2.456 0.531 1.156
PA 1.155 6.950 2.164 0.345 1.067
BA 1.120 7.021 1.966 0.240 0.940
BU 1.151 7.143 3.012 0.302 1.420
BE 1.261 7.157 1.692 0.600 0.273
TO 1.200 7.244 1.482 0.412 0.223
EB 1173 7.243 1.367 0.298 0.251

2P is then obtained from g in a straightforward way. The values of
g‘*"Y calculated for our mixtures for 20°C and ¢, = 0.5 are presented in the
seventh column of Table 6.

While the four methods used for the estimates yield g® values that
differ both from our light-scattering values and among themselves, the
trends in the values within each family of mixtures are the same for the
light-scattering data and for all four approaches used. Consequently, we are
convinced that these trends are real and that they reflect the nature of the
chemical composition of the components involved. It is difficult to establish
which data in Table 6 are the best. The vapor-liquid equilibrium data are
probably the most dependable. However, they are accessible only at temper-
atures that are typically 40 ° C higher than our experimental temperature of
20°C. The interaction coefficients are expected to be temperature depen-
dent; hence the differences from light-scattering values are not surprising.
These differences are expected to be even larger for the method of modified
solubility parameters which utilized data measured at 100°C. The predict-
ions of the PFP theory depend too heavily on the PFP model; specifically,
the calculation of x& may be based on oversimplified relations. The weak-
ness of the UNIFAC method lies in the fact that the effect of the size of the
molecules on the thermodynamic behavior is not accounted for, i.e. the
equation-of-state effects are totally neglected. The light-scattering results are
measured at the temperature of interest and are based on a firm theoretical
foundation. Their uncertainty is related solely to experimental errors in
measurement of scattered intensities and compressibilities. They agree with
the values from other methods reasonably closely proving that the experi-
mental errors are of the expected order of magnitude. Indeed, the largest
deviation of the light-scattering data from the rest is observed for the
butanone mixtures, which were evaluated assuming that the excess com-
pressibility is negligible. This assumption may have led to a larger experi-
mental error.

The interaction coefficients in all our mixtures are relatively small, some
of them even negative. In other words, their deviation from ideal behavior is
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rather small. Such a behavior may seem surprising for mixtures of compo-
nents differing so much chemically. In our opinion, it is a result of a specific
interaction between a carbonyl (which is 2 much stronger electron donor
than it is electron acceptor) and an aromatic ring. (which is more an
acceptor than a donor). The negative contribution of this specific interaction
to the value of the interaction coefficient is counterbalanced by the positive
contribution from the (more generally recognized) van der Waals and polar
interactions. The exact contribution of the latter factors depends primarily
on the size and /or number of the alkyl groups attached to the components
of the mixture. This interpretation is reflected quantitatively by the concept
of modified solubility parameters.

CONCLUSIONS

(1) The light scattering method for measurement of interaction coeffi-
cients in binary liquid mixtures yields data that are internally consistent
within given groups of binary mixtures. The results generally agree with data
obtained by other methods. While the precision of the measured values of
gD is about +0.07, we estimate that their overall accuracy is about +0.15.

(2) Four alternative methods for obtaining the interaction coefficients
were employed. The vapor-liquid equilibrium method requires rather pre-
cise data that are rarely available at ambient temperatures. The PFP method
relies heavily on model considerations. The solubility parameters method is
the easiest to use, but the literature data are at present available only at
100° C; the inverse gas chromatography technique, on which they are based
would have many technical difficulties at ambient temperatures. Finally, the
UNIFAC method, while easy to use, is not based on any measurement
involving the components of interest; it relies heavily on an assumption that
a given chemical group behaves in a certain way irrespective of the structure
of the rest of the molecule. In our opinion, the accuracy of all these four
methods is comparable to that of the light scattering method.

(3) The interaction coefficients of all mixtures studied are rather small.
This is explained as a result of a specific interaction between electron-
accepting aromatic structures and electron-donating carbonyls.
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