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Abstract: This work reports the experimental results of the densities, viscosities
and refractive indices between 298.15 and 323.15 K of the dimethyl sulfoxide +
+ o-xylene system over the entire composition range of the mixtures. The ex-
cess molar volumes (VE), viscosity deviations (A V), excess Gibbs energy of ac-
tivation of viscous flow (G*E) and deviations in the refraction (AR) were cal-
culated from the experimental data; all the computed quantities were fitted to
the Redlich—Kister equation. The system exhibits moderate negative values for
the investigated excess properties. The resulting excess functions were inter-
preted in structural and interactional terms. From the experimental data, the ther-
modynamic functions of the activation of viscous flow were estimated. The vis-
cosity data were correlated with several semi-empirical equations. The two-pa-
rameter McAllister equation can give very good results.
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INTRODUCTION

Thermodynamic and physical properties data have a well recognized impor-
tance in design calculations involving chemical separations, fluid flow and heat
transfer. Studies on the volumetric and transport properties of binary liquid mix-
tures provide information on the nature of the interactions between the consti-
tuents.

The present work is a continuation of our systematic experimental studies on
the physic—chemical properties of binary mixtures of dimethyl sulfoxide with xy-
lenes. The effects of molecular size and geometrical fitting of the molecules on
the volumetric and viscometric properties of binary mixture containing dimethyl
sulfoxide and p-xylene were reported earlier.!

This work reports experimental data of density, viscosity and refractive in-
dex for the dimethyl sulfoxide + o-xylene system at temperatures 298.15, 303.15,
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3 1 8 CIOCIRLAN and IULIAN

313.15 and 323.15 K. The excess molar volumes, viscosity deviations, excess
Gibbs energy of activation of viscous flow (G*E) and deviations in refraction
were calculated from the experimental data and fitted to the Redlich—Kister type
polynomial equation.

The variation of the excess or deviation properties with the composition
were discussed from the interactional and structural point of view. The thermo-
dynamic functions of activation of viscous flow were estimated from the dyna-
mic viscosity values. The viscosity data were correlated with the Grunberg—Nis-
san, Hind and McAllister semi-empirical equations.

Dimethyl sulfoxide (DMSO), a typical aprotic highly polar self-associated
solvent (dipole moment x = 1.32x10-2% C m), is an important solvent in chemis-
try, biotechnology, and medicine. The aromatic hydrocarbon molecules possess
large quadrupole moments, causing an orientational order in these liquids.> The
objecttive underlying the present work was to obtain information regarding
molecular interactions in mixtures of a polar liquid with non-polar liquids, which
is essential for an understanding of many chemical and industrial processes in
these media. Moreover, the binary mixtures containing aromatic hydrocarbons
are of interest as these systems find applications in studies of polymer
miscibility, polymer phase diagrams, and preferential interactions in mixed
solvents.4

The volumetric properties of binary mixtures of DMSO with o-xylene were
studied by Ali et al.5 and Wang et al.® However, no literature data on viscosities
and refractive indices are available for this system.

EXPERIMENTAL
Materials

DMSO (Merck, mole fraction purity > 0.998) and o-xylene (Merck, mole fraction purity
>0.995) were used without further purification. The experimental density, refractive index
and viscosity of the pure components are in agreement with the literature values, as can be seen
in Table L.

TABLE I. Experimental and literature values for density, refractive index and viscosity of the
pure components

px107 / kg m” np n/mPas
T/K Lit. Exp. Lit. Exp. Lit. Exp.
Dimethyl sulfoxide
298.15  1.09547, 1.095240° 1.09530 1.4770" 14778  1.9917  1.993
303.15  1.09045°, 1.09049' 1.09027 1.4752"° 14748  1.830"° 1.811
313.15 1.08046"! 1.08024 1.4700" 14702 1.534" 1505
o-Xylene
298.15  0.87557°, 0.87558" 0.87560 1.50295" 15020  0.758"  0.759
303.15  0.8714° 0.87136" 0.87131 1.4998 0.715
313.15 0.8627° 0.86273 1.4948 0.634
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DIMETHYL SULFOXIDE + 0-XYLENE SYSTEM 3 1 9

Procedure

The binary mixtures were prepared by mixing the appropriate volumes of the liquids in
airtight stoppered glass bottles, which were weighed using a HR-120 (A & D Japan) electro-
nic balance with a precision of £0.0001 g. The experimental uncertainty in the mole fractions
was estimated to be less than +0.0002.

The density measurements of the pure solvents and the mixtures were performed by
means of an Anton Paar DMA 4500 densimeter with a precision of £0.00005 g cm™, between
298.15 and 323.15 K. The DMA cell was calibrated with dry air and ultra pure water at
atmospheric pressure. The sample size was 0.70 cm?3 and the sample thermostat was controlled
to £0.01 K. Triplicate measurements of the density were performed for all the mixtures and
pure components. The accuracy in the determination of the density is believed to be less than
+0.2 kg'm3 and £10° m*-mol"! for the calculation of VE.

The kinematic viscosities of the pure components and their mixtures were determined at
the same temperatures as for the density determinations, using an Ubbelohde capillary viscome-
ter having a capacity of about 15 ml, a length of about 90 mm and 0.5 mm internal diameter.
The viscometer was calibrated using double distilled water. At least four time flow measure-
ments were performed for each composition and temperature, and the results were averaged.
The viscometer was kept vertically in a transparent-walled bath with a thermal stability of +0.05 K
for about 30 min to attain thermal equilibrium. The uncertainty of the flow time measurement
was 0.1 s. The corresponding uncertainty in the kinematic viscosity is £0.001x10¢ m2 s,

Refractive indices values for the D-line were measured with a thermostated Abbe refract-
tometer with a precision of 0.0001. All measurements were performed in a thermostat main-
tained at +£0.05 K.

RESULTS AND DISCUSSION

Experimental data and excess or deviation values

The densities, p, kinematic viscosities, Vv, and refractive indices, np, were
measured in the temperature range from 298.15 to 323.15 K and the measured
values are presented in Table II.

The values of the excess molar volume, VE, viscosity deviation, Av, devia-
tion in molar refraction, AR, and the excess Gibbs energy of activation of viscous
flow, G*E, were calculated from the experimental data according to the following
equations:

. 2
VE=V =2V (1)
i=1
2
Av=v->vx (2)
i=1
ARm :Rm_iRi¢i (3)
i=1
G'E= RT[ln V-3 xn (Vl.nl.)} (4)
i=1
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320 CIOCIRLAN and IULIAN

where x; and ¢; represent the mole fraction and volume fraction of the pure com-
ponent i, respectively; V, v, 7 and Ry, are the molar volume, kinematic and dy-
namic viscosity, and molar refraction of the mixtures, respectively, and V;, v;, 7;,
and R; the corresponding properties of the pure components. The molar refraction
was calculated from the Lorentz—Lorentz equation.!® R is the gas constant and T
the absolute temperature. The experimental excess properties are also reported in
Table II.

TABLE II. Densities, kinematic viscosities, refractive index, excess molar volumes, viscosity
deviations, excess Gibbs energy of activation for viscous flow and deviations in molar refrac-
tion for the dimethyl sulfoxide (1) + o-xylene (2) system from 298.15 to 323.15 K

px10” wx10° 'x10° Awx10° G** AR, x10°
o kg m” m’s” I m’ mol” m’s™ kImol'  m’mol’
298.15K
0.0000  0.87560 0.8666 1.5020 0.000 0.000 0.000 0.000
0.1320  0.89390 0.9477 1.5005 —0.033 —0.045 —0.009 —0.759
0.2540 091281 1.0364 1.4988 —0.065 -0.072 —0.003 -1.330
0.3602  0.93100 1.1225 1.4973 —0.082 —0.087 0.005 —-1.689
0.4729  0.95236 1.2229 1.4945 —0.088 —0.094 0.013 -1.964
0.5640  0.97145 1.3110 1.4923 —0.087 —0.093 0.018 —2.038
0.6602  0.99366 1.4106 1.4871 —0.078 —0.085 0.021 —1.947
0.7602 1.01934 1.5214 1.4831 —0.059 —-0.070 0.020 -1.676
0.8597 1.04805 1.6390 1.4783 —0.035 —0.047 0.014 —-1.200
1.0000 1.09530 1.8195 1.4778 0.000 0.000 0.000 0.000
303.15K
0.0000  0.87131 0.8200 1.4998 0.000 0.000 0.000 0.000
0.1320  0.88962 0.8942 1.4979 —0.043 —0.037 —0.004 —0.782
0.2540  0.90844 0.9723 1.4963 -0.072 —0.061 —0.001 —-1.342
0.3602  0.92655 1.0474 1.4944 —0.087 —-0.076 0.003 -1.717
0.4729  0.94783 1.1347 1.4919 —0.092 —0.083 0.007 -1.972
0.5640  0.96686 1.2113 1.4897 —0.092 —0.083 0.009 —2.041
0.6602  0.98897 1.2982 1.4835 —0.080 -0.077 0.011 —-1.983
0.7602 1.01457 1.3955 1.4804 —0.061 —0.064 0.010 —-1.706
0.8597 1.04318 1.4997 1.4761 —-0.036 —0.043 0.008 -1.184
1.0000 1.09027 1.6608 1.4748 0.000 0.000 0.000 0.000
313.15K

0.0000 0.86273 0.7344 1.4948 0.000 0.000 0.000 0.000
0.1320 0.88097 0.7911 1.4932 —0.052 —0.030 -0.013 —0.773

0.2540 0.89966 0.8524 1.4912 —0.081 —-0.049 —0.013 —-1.361
0.3602 0.91763 0.9119 1.4891 —0.094 —0.060 —0.010 -1.750
0.4729 0.93876 0.9814 1.4870 —0.099 —0.065 —0.003 —-1.989
0.5640 0.95764 1.0424 1.4852 —0.095 —0.064 0.002 —2.042
0.6602 0.97960 1.1113 1.4793 —0.083 —0.058 0.006 -1.979
0.7602 1.00502 1.1880 1.4762 —0.063 —0.047 0.009 -1.704
0.8597 1.03345 1.2692 1.4721 —0.037 —0.032 0.007 -1.185

1.0000 1.08024 1.3931 1.4702 0.000 0.000 0.000 0.000
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TABLE II. Continued

px107 w10° <10 Awx10° G** AR, x10°
o kg m” m’s’ I m’ mol”! m’s” kImol'  m’mol’
323.15K

0.0000  0.85410 0.6591 1.4892 0.000 0.000 0.000 0.000
0.1320  0.87226 0.7062 1.4878 —0.060 —0.023 —0.011 —0.769
0.2540  0.89081 0.7572 1.4864 —0.087 —0.037 —0.009 -1.330

0.3602 0.90866 0.8073 1.4841 —0.101 —0.044 0.000 -1.737
0.4729 0.92964 0.8656 1.4820 —0.105 —0.045 0.011 -1.983
0.5640 0.94840 0.9163 1.4800 —0.101 —0.043 0.019 —2.051
0.6602 0.97020 0.9729 1.4744 —0.087 —-0.038 0.025 —-1.985
0.7602 0.99546 1.0345 1.4710 —0.067 —-0.030 0.026 -1.711
0.8597 1.02371 1.0983 1.4672 —-0.040 -0.019 0.020 -1.212

1.0000 1.07019 1.1917 1.4659 0.000 0.000 0.000 0.000

The experimental values of VE, Av, AR, and G*E were fitted to the Redlich—
—Kister!7 type polynomials:

P
Y =xx; Y A —x )t (5)
k=0
where Yis VE, Av, ARy, or G*E and p is the degree of polynomial expansion. The
adjustable parameters Ay obtained by fitting the equations to the experimental
values with a least-squares algorithm are given in Table III, along with the stan-
dard deviation, o, defined as follows:
n 0.5
Z (Yl_exp _ Y;calc)Z
o=|=l (6)

n—m

where 7 is the number of experimental data and m is the number of parameters.

The variation of the excess or deviation properties along with the smoothed
curves using Eq. (5) are presented in Figs. la—1d. As can be seen from the Fi-
gures, the main features of the system are that the excess molar volumes, de-
viations in viscosity, and deviations in molar refraction are all negative, while the
excess Gibbs energy of activation of viscous flow has an S-shape allure, with
positive and negative values.

The values of the excess molar volumes are moderately negative and become
slightly more negative as the temperature of the mixtures increases from 298.15
to 323.15 K, with minima between —0.09 and —0.1x10-6 m3 mol-.

This trend would seem to indicate: (a) a packing effect due to the geometri-
cal fitting of the molecules of different molecular sizes into each others structure
(71.30x10-¢ for DMSO and 121.24x10-¢ m3 mol~! for o-xylene at 298.15 K)
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322 CIOCIRLAN and IULIAN

and (b) electron donor—acceptor type interactions in which the aromatic hydro-
carbon behaves as electron donor.18 A factor that would cause an increase of the
VE values (a positive effect) is the breakdown of DMSO self-association and the
destruction of molecular order in the aromatic hydrocarbon on mixing, as is ref-
lected by the positive heats of mixing reported in literature for this system.!® All
these above factors play a role in deciding the magnitude of the excess molar
volumes; hence the obtained VE values are moderately negative. As the tempe-
rature is lowered, the packing effect of the compounds is lowered; therefore VE
became less negative, as was observed by Pal and Kumar2? for mixtures exhi-
biting a similar behavior.

TABLE III. The adjustable parameters and standard deviations of the excess functions of the
dimethyl sulfoxide (1) + o-xylene (2) system

Function Ay A, A, Az o
298.15 K
VEx10°/ m® mol’  —0.3600 0.0140 0.1201 -0.0141 0.0012
Avx10°/ m? s ~0.3590 0.0378 -0.0187 - 0.0002
ARx10%/ m® mol’  —7.9785 1.9901 —0.5406 - 0.0097
G*® / kJ mol 0.1802 0.3288 —0.1472 0.0272 0.0004
303.15K
VEx10°/ m® mol’  —0.3736 0.0232 0.0656 0.0678 0.0006
Avx10®/ m’ s -0.3235 —0.0049 -0.0103 - 0.0001
ARX10°/ m* mol’  —8.0778 1.8382 -0.2766 0.8832 0.0040
G** / kJ mol’! 0.0740 0.1394 —0.0518 0.0085 0.0001
313.15K
VEx10°/ m® mol'  —0.3942 0.0538 0.0267 0.0941 0.0003
Avx10%/ m’ s -0.2517 0.0151 -0.0067 - 0.0001
ARX10°/ m* mol’  —8.0712 2.1884 ~0.5766 - 0.0082
G*£ / kJ mol 0.0527 0.2216 —0.0687 0.0103 0.0002
323.15K
VE10°/ m’ mol’  —0.4161 0.0632 ~0.0070 0.1273 0.0006
Avx10°/ m? s -0.1829 0.0280 0.0028 - 0.0001
ARX10°/ m® mol!  —8.0967 2.0085 -0.5193 - 0.0073
G*E / kJ mol™ 0.0680 0.2250 ~0.0039 —0.0098 0.0001

The deviations in the viscosity are moderately negative over the whole com-
position range at the investigated temperatures. The viscosity deviations are a
function of the intermolecular interaction as well as of the size and shape of the
molecules. Fort and Moore?! state that a positive viscosity deviation is a charac-
teristic of systems where intermolecular interactions predominate, whereas mix-
tures without strong interactions present a negative viscosity deviation. The ob-
tained negative Av values for DMSO + o-xylene mixtures indicate weak interact-
tions in this system. Moreover, VE and Av do not obey the general rule, accor-
ding which they should have the opposite sign (specific for systems where inter-
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molecular interactions predominate), therefore, for this system, the geometrical
fitting of the molecules prevails.

0.03
_05 i
5 0.02
E =
e 1 2 0.01 1
o 2
S 1.5 w’ 07 ¥
) u
< ©
x -0.01 -
24
-0.02 1
2.5 ‘ ‘ ‘ ‘ -0.03 ‘ ‘ ‘ ‘
0 02 04 06 08 1 0 02 04 06 08 1
X1 X1
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Fig. 1. Excess molar volumes (a), viscosity deviations (b), deviations in molar refraction (c)
and excess Gibbs energy of activation of viscous flow (d) for the dimethyl sulfoxide (1) +
+ o-xylene (2) system at 298.15 (¢); 303.15 K (0); 313.15 K (A); 323.15 K (O);
correlation with the Redlich—Kister equation (—).

An increase of temperature diminishes the interactions in the pure compo-
nents and also the interactions between unlike molecules, because of the increase
in the thermal energy. This leads to less negative values of Av with increasing
temperature, as was observed in the present study.

The VE values at 303.15 K compare well with the reported results of Wang
et al.% using the same experimental method, as is reflected in Fig. 2. There are no
literature data with which to compare the values of Av.
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324 CIOCIRLAN and IULIAN
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-0.1 4 X < Fig. 2. Comparison of the excess molar volu-
mes for the dimethyl sulfoxide (1) + o-xylene
0.12 w w w w (2) system at 313.15 K: present data — o; Ref.
0 02 04 06 08 1 6 — x; correlation with the Redlich—Kister
X1 equation: —,

The deviations in molar refraction are negative for the whole composition
range for all mixtures. The values are independent of temperature, according to
the theory, the molar refraction depending only on the wavelength of light used
for the measurement.

From the viscosity and density data, the excess free energy of activation for
viscous flow was calculated. The G*E dependence with the mole fraction of
DMSO and temperature is shown in Fig. 1d. For all the studied temperatures, the
G*E values vary from slightly negative in the o-xylene rich region to slightly po-
sitive with increasing DMSO mole fraction. Only a slight influence of tempera-
ture on the excess free energy of activation was observed. As suggested by other
authors,22-23 a large negative excess in G*E indicates the presence of weak inter-
actions, whereas a large positive excess in G*E suggests a specific association
between the molecules in the solvent mixture. Due to the small obtained G*E
values (about £0.02 kJ mol-!) for this system, it is difficult to explain the vari-
ation of G*E with composition. For this purpose, non-thermodynamic informa-
tion concerning the structure of the mixtures would be necessary.

A similar behavior, namely negative excess molar volumes, negative devi-
ations in viscosity, negative deviations in molar refractivity and the same vari-
ation with temperature of the excess functions, was found in the case of the
DMSO + p-xylene system, which was presented in a previous paper.!

Thermodynamic functions of activation

The thermodynamic functions of activation for viscous flow were eva-
luated from the dynamic viscosity values of the binary mixtures considering the
Eyring transition state theory. The absolute rate approach of Eyring provides the
following expression for the viscosity of a liquid mixture:24-26
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h ES
p="Na exp[AG J ™)

vV RT

where / is the Planck constant, Ns is Avogadro constant and AG* is the molar
Gibbs energy change of activation for the viscous flow process. Combining with:

AG*=AH *-TAS * ®)
yields the equation:

ln(an_AH*_AS* )

AN, ) RT R

From the experimental density and viscosity data, plots of In (#V/hNp)
against 1/7 give a straight line for each mixture and the enthalpy and entropy
changes of activation of viscous flow can be estimated from its slope and in-
tercept, respectively. The AH* values are constant in the studied temperature
range. The obtained thermodynamic functions of activation at 298.15 K are pre-

TABLE IV. The thermodynamic functions of the activation of viscous flow, AH*, AS* and
AG*, for the dimethyl sulfoxide (1) + o-xylene (2) system at 298.15 K

X AH* / kJ mol” ~AS* /T mol" K AG* / kJ mol”
0.0000 8.78 54.10 -7.35
0.1320 9.47 52.22 -6.10
0.2540 10.11 50.54 -4.96
0.3602 10.61 4927 -4.08
0.4729 11.11 48.01 -3.20
0.5640 11.51 47.01 251
0.6602 11.93 45.95 -1.77
0.7602 12.38 44.80 -0.98
0.8597 12.85 43.56 -0.14
1.0000 13.59 41.55 1.20

20

15 4

o © 4 ° °

AH*, TAS* AG* | kJ mol™

0.2

0.4

0.6

X1

0.8

Fig. 3. Thermodynamic functions of activa-
tion vs. composition for the dimethyl sulfoxide
(1) + o-xylene (2) system at 298.15 K; AH*

(0); TAS* (0); AG* (A).
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326 CIOCIRLAN and IULIAN

sented in Table IV. The contributions of enthalpy and entropy changes to the
Gibbs energy change of activation of viscous flow for dimethyl sulfoxide + o-xy-
lene mixtures are shown in Fig. 3 at 298.15 K; they increase with increasing
concentration of DMSO in the mixture. The same behavior was observed at all
investigated temperatures. The values of AH* are positive and of AS* negative,
indicating that the attainment of the transition state for viscous flow is
accompanied by bond breaking. The entropy change of activation from the initial
state to the transition at a given composition is significant during an activated
viscous flow process; therefore this process is entropy-controlled for DMSO + o-
xylene mixtures. It seems that for the viscous flow process, the structural factor
dominates over the interactional one, as in the case of the mixing properties.

The viscosity data correlation

Several semi-empirical relations have been proposed to estimate the visco-
sity of liquid mixtures, in terms of pure component data. In the present work, the
experimental viscosity data of the binary DMSO + o-xylene system at 298.15,
303.15, 313.15 and 323.15 K were fitted to the Grunberg—Nissan,2’ Hind?8 and
McAllister2? equations. According to Grunberg and Nissan, the adjustable binary
parameter mentioned in Eq. (10) is regarded as a measure of the strength of the
interactions between the mixing species. The single parameter correlation of
Grunberg—Nissan and Hind equations are:

2 2 2
Innp=%xInn+> > xx,4, (10)
i i i
2 ) 2 2
nzle' ﬂi+z le-xjAl-j (11)
i i j>i

where 4;; is the interaction parameter.

The McAllister two-parameter equation, based on the Eyring theory of abso-
lute reaction rates, takes into account interactions of both like and unlike mole-
cules by a two-dimensional three-body interaction. This model is recommended
for systems where the volumetric size ratio of the components is less than 1.5:

Iy =320 (v,M,)~1n3 x, M, +33 3 x2x In 4, M, (12)
i=1 i=1 i=1 jzll
2M;+ M,
My =" (13)

where 4;; are the interaction parameters and M; is the molar mass of the com-
ponents. For all these models, the standard deviation, ¢, was calculated using a
type (6) equation.

The correlation parameters along with the average percentage deviation:
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DIMETHYL SULFOXIDE + 0-XYLENE SYSTEM 327

exp calc

1002~

Dev=—-3"
n o n I?XP

and the standard deviation for the binary DMSO + o-xylene system at each tem-
perature are listed in Table V.

(14)

TABLE V. Correlation deviations and adjustable parameters of the viscosity Equations for the
dimethyl sulfoxide (1) + o-xylene (2) system

Grunberg—Nissan Hind McAllister
T/K o Dev o Dev ox10°  Dev
A mPa s % A mPa s % Ay Aji m’s’! %

298.15 -0.1120 0.0020 0.14 1.0114 0.0093 0.60 1.4373 1.0896 0.0009 0.06
303.15 -0.1251 0.0005 0.04 0.9391 0.0099 0.70 1.3139 1.0227 0.0003 0.02
313.15 -0.1378 0.0013 0.11 0.8146 0.0065 0.53 1.1280 0.8860 0.0004 0.03
323.15 -0.1126 0.0024 0.24 0.7260 0.0030 0.28 0.9957 0.7823 0.0003 0.03

The analysis showed that all the equations present small deviations, less than
1 %. The theoretically based McAllister equation gives very good results, with
deviations from 0.02 to 0.06 %, even though the components have different mo-
lar volumes (molar volume ratio is 1.7). The values of the Grunberg—Nissan in-
teraction parameter are negative for this system, which suggest weak interactions
between unlike molecules, which is in accordance with the excess properties analysis.

CONCLUSIONS

Experimental data of the densities, kinematic viscosities and refractive indi-
ces for the binary system DMSO + o-xylene at 298.15, 303.15, 313.15 and
323.15 K are reported. The calculated excess molar volumes, viscosity devia-
tions, excess Gibbs energy of activation of viscous flow and deviations in re-
fraction were fitted to the Redlich—Kister equation. The excess molar volumes,
deviations in viscosity and deviations in molar refraction are all negative, while
the excess Gibbs energy of activation of viscous flow has an S-shape allure, with
positive and negative values. The temperature has a significant effect on Avand a
relatively slight effect on VE, AR, and G*E,

The moderate negative excess molar volumes and negative Av values sug-
gest that the geometrical fitting of the molecules is more important than the in-
teractional factor for this system. The thermodynamic functions of activation for
the viscous flow process indicate that this process is entropy-controlled. The
Grunberg—Nissan, Hind and McAllister equations are suitable for estimating the
mixing viscosities in terms of the pure component data.

NOMENCLATURE

A, —Redlich—Kister parameters
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3 2 8 CIOCIRLAN and IULIAN

Aj  — Interaction parameters

Dev — Average percentage deviation

G*E _ Excess Gibbs energy of activation of viscous flow
AG* — Gibbs energy change of activation of viscous flow

h  —Planck constant

AH* — Enthalpy change of activation of viscous flow
m  — Number of model parameters

M; — Molar mass of the i-th pure component

n  — Number of experimental points

Ny — Avogadro constant

np — Refractive index

AR, — Deviation in molar refraction
R, —Molar refraction of mixture

R, —Molar refraction of the i-th pure component
R —The gas constant

AS* — Entropy change of activation of viscous flow
T  — Absolute temperature

VE  — Excess molar volume

V' —Molar volume of mixture

V;  —Molar volume of the i-th pure component

x;  — Liquid-phase mole fractions

Greek letters

#  —Dipole moment

1, v — Dynamic and kinematic viscosity of the mixture, respectively
1;, v; — Dynamic and kinematic viscosity of the i-th pure component
Av - Viscosity deviation

p  —Density
o - Standard deviation
@, — Volume fraction.

U3BOJ

I'VCTUHA, BUCKO3HOCT 1 UHAEKC PE®PAKIIIE CUCTEMA
JUMETHII CYJI®OKCUN + o-KCHUIIEH

OANA CIOCIRLAN u OLGA IULIAN

Department of Applied Physical Chemistry and Electrochemistry, Faculty of Industrial Chemistry,
“Politehnica” University of Bucharest,313 Splaiul Independentei, 060042, Romania

VY pany cy nmpHKazaH{ €KCIICPUMEHTAIHU TOJAlM 32 TYCTHHE, BUCKO3HOCTH U MHJEKCE pe-
¢pakuuje Ha Temmeparypama on 298,15 mo 323,15 K cucrema quMeTrn cyiadokcHu + o-KCHIIeH 3a
KOMILJIETaH OICer cacTaBa cMelle. Bulllak MonapHe 3aBpEeMHHE, OJCTYIambe BUCKO3HOCTH, BHILIAK
Gibbs-oBe eHepruje BHCKO3HOI Teuema U OJCYyName UHICKca pedpakije u3padyHaTH Cy Ha Oc-
HOBY E€KCHEpPHMEHTAJIHUX MOJaTaKa; u3padyHare BpeaHocTu ¢uroBaHe cy Redlich—Kister jenna-
yuHOM. CHCTEM OKa3yje yMEpeHO HEraTHBHO OJCTYIMAame BHIIKOBA HCIMTHBAHUX BeJIWYHHA. Pe-
3yaryjyhie GpyHKIHMje BHIIKOBA TyMadeHE Cy ca CTAHOBHUILTA CTPYKTYPHHUX IMPOMEHA U MHTEPAKIIMje
KOMIIOHeHTH. Ha OCHOBY eKcliepuMeTallHUX TojaTaka oxpeheHe cy repmoauHamuuke QyHKIHUje 3a
aKTUBAIMjy BUCKO3HOT Teuera. [loany 3a BUCKO3HOCT KOPEIUCAHH Cy Ca HEKOJIMKO MOJIyeMHUpPH]-
cKkux jenHaunHa. J[Bormapamerapcka McAllister jenHaunHa Moxke 1a 1a BeoMa Jo0pa ciarama.
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