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Abstract: Densities, viscosities and ultrasonic velocities were measured for the
two ternary liquid mixtures containing morpholine (1) + 1,4-dioxane (2) + nitro-
benzene (3) or + toluene (3) at 308.15 K over the entire range of mole fractions.
Thermodynamic parameters, such as excess volume (VF), deviations in adiabatic
compressibility (AKg), free length (ALp), isothermal compressibility (AfS7), free
volume (AVy) and viscosity (A7) were calculated and applied to the Red-
lich—Kister polynomial equation to determine the appropriate coefficients. The
deviations of the ternary liquid mixtures from their ideal behaviour were deter-
mined from the measured and calculated thermodynamic properties. In addition,
an insight into the molecular structure and possible interactions for the inves-
tigated mixtures was attempted.

Keywords: ternary mixture; thermodynamic properties; Redlich—Kister equation;
excess values; molecular interactions.

INTRODUCTION

Currently, many engineering fields require information regarding thermo-
dynamic and transport properties of liquid mixtures. The study of transport fluid
phenomena requires knowledge of density and viscosity of the system.!-2 Other
than density and viscosity,? an ultrasonic study provides enormous information
regarding molecular interactions and the structural behaviour of the molecules in
a mixture.

The effectiveness of operations in chemical and engineering processes can
be tuned from the investigation of physical properties of the employed liquids
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and their mixtures. Binary mixtures provide molecular interactions prevalent in
such operations, but are of limited applicability. Ternary liquid mixtures formed
from the corresponding binary mixtures present more intricate interactions
encountered frequently in real time applications. Morpholine, a self-associated
amino ether* has a wide range of applications in synthetic and industrial pro-
cesses, in general for extraction processes, extractive distillation and as a solvent.
Another compound, p-dioxane, is commonly used in polymerizations and other
chemical reactions, in the cleaning of polymer surfaces, electronic materials>-6
and is an additives to gasoline due to its octane enhancing and pollution reducing
properties.”-8 Nitrobenzene is a versatile solvent used in synthetic and electro-
chemical research. It is an important raw material for the synthesis of explosives.
Toluene is mainly used as a precursor to benzene via hydro dealkylation. In
addition to the synthesis of benzene and xylene, toluene is a feedstock for toluene
diisocyanate production (used in the manufacture of polyurethane foam), trinitro-
toluene (the explosive, TNT) and a number of synthetic drugs.’

The chemicals considered in the current investigation, morpholine, 1,4-diox-
ane, toluene and nitrobenzene, have applications in different fields, such as phar-
maceutical, metallurgy, polymer, petrochemical and electronic industries. The
thermodynamic behaviour of the liquid mixtures of non-aromatic cyclic ethers
and derivatives of benzene hence constitute an important area of investigations.
The molecular interactions influence densities, velocities, ultrasonic velocities
and other thermodynamic properties. The investigation of their ternary mixtures
assumes greater significance as it mimics real time intricate molecular interact-
ions much better. Hence, the measurement of densities, viscosities, ultrasonic
velocities and other calculated excess thermodynamic properties of ternary mix-
tures of morpholine (1) + 1,4-dioxne (2) with toluene (3) and nitrobenzene (3)
warrants immediate attention. The investigated properties, such as excess
volume, adiabatic and isothermal compressibility, free length, free volume and
viscosity, could be used to parameterize and optimize mass and energy transfer
processes and flow operations associated with the applications of the two ternary
mixtures. Therefore a detailed study of the thermodynamic and transport pro-
perties of ternary mixtures of morpholine (1) + 1,4-dioxne(2) with toluene (3) or
nitrobenzene (3) at 308.15 K form the main scope of the present work.

EXPERIMENTAL

Morpholine and 1,4-dioxane (Merck, Mumbai, India), toluene (Loba, Mumbai, India),
Nitrobenzene (Fine chemicals, Mumbai, India) were all of Analar grades with 99 % purity.
The purchased chemicals were purified by the double distillation method. Hence, techniques
to ascertain purity were not attempted but the measured densities, viscosities and ultrasonic
velocities were confirmed by comparing with earlier literature reports (Table I). Ternary
liquid mixtures were prepared by weight volume in airtight stoppered bottles using an ana-
lytical balance with an accuracy of £0.0001 g. The densities of the pure liquids and their mix-
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MOLECULAR INTERACTIONS IN TERNARY MIXTURES 1 1 3 3

tures were measured using the relative density method. Relative density bottle of 10 mL cap-
acity was cleaned successively with chromic acid, distilled water and acetone and then dried
and used for the density measurements.!® An electronic balance was used to measure the den-
sity.!! The accuracy of the measurement of density by relative density method depends on the
accuracy of measurement of weight. Density values were accurate to £0.0002 g cm.

TABLE L. Densities (p), viscosities (#) and ultrasonic velocities (U) of pure morpholine, nitro-
benzene, 1,4-dioxane and toluene; 7= 308.15 K

Compound p 103/ kg m3 n/cP U/ms!
Exp. Lit. Exp. Lit. Exp. Lit.
Morpholine!9-20 0.9869 0.9863,0.9925 2.0977 2.0955 1420 1410
Nitrobenzene?! 1.1877 1.1911 1.5678 1.5543 1375 1379
1,4-Dioxane?2:23 1.0167 1.0166, 1.0165 1.025 1.028,1.014 1300 1300.3
Toluene?*2> 0.8378 0.85662 0.5099 0.5272 1250 —

aRefers to values at 303.15 K

Viscosities were measured using an Ostwald viscometer. The viscometer was thoroughly
cleaned with chromic acid. It comprises a U-tube the left hand limb of which is essentially a
pipette with two defining marks. An electronic digital stopwatch with readability of £0.01 s
was used to measure the flow time of a liquid between the marks. The ultrasonic velocity
values were obtained using an ultrasonic interferometer (Pico, Chennai, India) with a fre-
quency of 2 MHz that was calibrated using water and nitrobenzene. The overall accuracy in
the measurement was +0.2 %. All the measurements were realized using a digital thermostat
with display accuracy +0.01 K. The details of the methods and techniques of the measure-
ments have been described earlier.!?!3

RESULTS AND DISCUSSION

1,4-Dioxane could be classified as a non-polar solvent, but the distribution of
electric charge gives a large quadurpole moment to 1,4-dioxane.l%15 The
presence of a substituent in the aromatic hydrocarbon should modulate its
electron-acceptor ability.16:17 The cyclic ethers morpholine and 1,4-dioxane
(p-dioxane) are hexa cyclic compounds with similar shapes. Morpholine is a non-
aromatic cyclic ether containing a secondary amine (—NH) group, which can
serve as a site for possible hydrogen bonding. 1,4-Dioxane is a diether and an
excellent aprotic solvent with an electron donating ability toward the aromatic
ring and has a zero dipole moment.!8 Cyclic ethers have a very small polarity,
similar to those of linear ethers that do not have a self-associating nature. Hence
no self-interaction or association is possible in 1,4-dioxane.

Nitrobenzene is an aromatic hydrocarbon containing an NO, as a functional
group. The electron withdrawing —-NO, group draws m-electrons from the aro-
matic electron cloud of benzene generating a 6" charge in it. Hence, the mode of
self-interaction in nitrobenzene is a potential anionic 7 stacking interaction pos-
sible through the nucleophilic oxygen atom of the —-NO, group with the gener-
ated 0" charge of the aromatic n-electron cloud of benzene moiety. Toluene is a
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methyl carrying benzene ring in which the methyl releases an electron to the ben-
zene moiety. Two different ternary liquid solutions were prepared by mixing
morpholine (1) + 1,4-dioxane (2) + nitrobenzene (3) as well as morpholine (1) +
1,4-dioxane (2) + toluene (3) by varying their mole fractions. Experimental den-
sities, viscosity, ultrasonic velocities of the pure components of the liquid mix-
ture were compared with literature values and are reported in Table 1. Also their
excess thermodynamic parameters were calculated and tabulated at a temperature
of 308.15 K to understand the possible interactions between them.

The excess volume values for the ternary mixtures were calculated using the
relation:

VE _[XIMI + Xy My + X3M; J_(XlMl J_(XzMz ]_{X3M3j )
Pmix P P2 P3

where X1, X» and X3, M|, M, and M3 and p1, py and p3 are the mole fractions,
molar masses and densities of pure components 1, 2 and 3, respectively.

The adiabatic compressibility (Kg) was calculated from the Laplace equat-
ion 26
ion:

1
pU?
where p and U are the density and ultrasonic velocity of the liquid mixtures,

respectively. From the above equation, the excess adiabatic compressibility
(AKg) was calculated by:

AKs = Ks — ¢1Ks1 — $92Ks2 — $3K5s3 3)
where Kg1, Ks» and Kg3 are adiabatic compressibility of the pure liquids and ¢,

¢ and ¢ are, respectively, the volume fractions of pure liquids calculated by the
relation:

2

Ks

XM,

P
= 4
A XM, | XoMy | X3Mj @

P P2 P3
The viscosity was calculated using the relation:

n=[At—§jp )

where A4 and B are constants characteristics of the viscometer that are calculated
using the standard liquids water and nitrobenzene, ¢ is the flow time, p is the
density.

Excess viscosity values were calculated using the following relation:
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An=nXim +Xom + X373) (6)
where 771 and 77, are the viscosity values of pure componentsl and 2, respect-
vely.

The free length was calculated using the relation:

K
Ly = ™)

where K is the Jacobson constant,27-28 which is a temperature dependent constant
but independent of the nature of the liquid.
The isothermal compressibility was calculated using the relation:

1.71x107
Pr=r—ay @®)
(9 i p*3 }
To calculate the free volume, Suriyanarayana2?® proposed the relation:
3/2
Mgru
Ve = [e_ffj 9)
Kn

where K is a temperature independent constant that is equal to 4.28x109 for all
the liquids and M.¢r is the effective molecular weight of the mixture, calculated
using the relation:

M= X1M1 + XoM>H + X3M3 (10)
where X1, X, X3 and My, M, M3 are the mole fractions and molar masses of the

pure components 1, 2 and 3, respectively.
The excess values of the other parameters were calculated using the relation:

AE:Aexp*Aid (11)
Aig = XXiA;
where X; and 4; are the mole fraction and parameters of the ith component.
All the calculated excess parameters were fitted to a Redlich—Kister30 type
polynomial equation by the least squares method to derive the adjustable

parameters a, b and c.
For binary mixtures:

AE = X1 Xo(a + b(X] — X2) + c(X] — X2)) (12)
For ternary mixtures:
AB=X1X0X5(a + bX1 (X2 =X3) + ¢ X12(X2 — X3)?) (13)

Using the theoretical values, all excess parameters were calculated and the
standard deviation values were calculated using the relation:
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(Aexp — Acal )2
(n=m)

1/2

(14)

where n is the number of measurements and m is the number of adjustable
parameters.

The calculated thermodynamic parameters and excess acoustical parameters
for the ternary liquid mixtures of morpholine, 1,4-dioxane with nitrobenzene or
toluene are represented in Tables II-VII.

TABLE II. Thermodynamic transport properties for the ternary liquid mixtures of morpholine
+ 1,4-dioxane + nitrobenzene at 308.15 K

X X, px103/kgm3  VEx106/m3 mol'! U/ms’! P é

0.0563 0.4676 1.1051 —0.0882 1370 0.0524 0.4274
0.0789 0.5073 1.0936 -0.0871 1350 0.0742 0.4687
0.0647 0.5290 1.0929 -0.1000 1360 0.0610 0.4895
0.1742 0.5240 1.0710 -0.1050 1364 0.1671 0.4933
0.1300 0.6545 1.0565 -0.1206 1330 0.1267 0.6265
0.1443 0.5808 1.0670 —0.1087 1334 0.1391 0.5498
0.2481 0.3216 1.0913 -0.0625 1356 0.2321 0.2953
0.1622 0.2727 1.1169 -0.0765 1360 0.1483 0.2449
0.1635 0.7323 1.0332 —0.0486 1328 0.1628 0.7156
0.1860 0.7332 1.0284 -0.0908 1330 0.1859 0.7194
0.2184 0.6593 1.0322 0.2031 1324 0.2164 0.6414
0.2239 0.2655 1.1028 0.1982 1334 0.2066 0. 2404
0.2312 0.6790 1.0256 0.1880 1340 0.2304 0.6645
0.2549 0.3633 1.0821 -0.0228 1356 0.2405 0.3365
0.2644 0.6731 1.0202 0.0981 1300 0.2648 0.6618
0.2955 0.3563 1.0749 -0.0236 1350 0.2804 0.3319
0.3286 0.0819 1.1159 —0.0557 1356 0.2985 0.0730
0.3292 0.3365 1.0722 -0.0919 1358 0.3130 0.3140
0.3908 0.1457 1.0929 -0.0627 1364 0.3626 0.1327
0.3703 0.3171 1.0668 -0.0698 1374 0.3532 0.2969
0.3880 0.1855 1.0866 -0.0663 1372 0.3624 0.1701
0.4323 0.2993 1.0568 -0.0667 1372 0.4153 0.2823
0.4503 0.3123 1.0501 -0.0311 1376 0.4148 0.2960
0.4996 0.3390 1.0341 -0.0260 1380 0.4889 0.3257

TABLE III. Thermodynamic transport properties for the ternary liquid mixtures of morpholine
+ 1,4-dioxane+nitrobenzene at 308.15 K

AK, 7 AL<100 AR <102 AVpx107
TP;1 cP Aln (77/ cP) m kng‘l m?s  m’ mol’!
-24.1217 1.2612 —-0.0790 -2.0396 —4.6571 -1.6313
-11.9790 1.1985 -0.1306 —1.7098 —2.8968 -1.6010
-21.0593 1.2965 -0.0143 —0.8265 —4.1598 —1.5938
—20.6202 1.2464 —0.1175 —0.5238 —3.9033 —1.5598
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TABLE III. Continued
AKg n

ALpx10710 ABpx10712 AVpx107

TPa’! cP Aln (77/ cP) m kg' K'm?s  m3 mol!
—2.4442 1.1048 —0.1680 —0.1092 —1.3684 —1.4998
-1.7110 1.1304 —0.1889 -0.2212 —1.3028 —1.5371
—0.4043 1.3191 —0.1885 —-0.5035 —1.1682 -1.6506
—2.4442 1.3750 —0.1195 —0.8807 —1.5255 -1.7073
-1.7110 1.0757 -0.1703 -0.8371 —1.0378 —1.4442
—0.4043 1.0942 -0.1617 —0.7828 -1.0795 —1.4363
—2.7728 1.0604 -0.2504 —0.7085 0.5059 -1.4673
-3.6062 1.3576 —0.1692 -1.4130 —1.6677 —1.6908
-4.4400 1.0772 -0.2289 —0.8055 -1.2732 -1.4519
7.4277 1.1612 -0.3269 -1.4170 —1.4045 —-1.6239
19.5153 1.1643 —0.1602 -0.2612 3.7882 —1.4447
5.5176 1.2751 —0.2354 —1.2356 —4.9321 -1.6148
—2.4875 1.3538 —0.3207 —1.5883 1.2305 —1.7601
29.8909 1.4627 —-0.0740 —1.2445 —1.0445 -1.6154
3.8725 1.5391 -0.1294 —1.3880 0.1304 —-1.7036
15.0459 1.5258 —0.0404 -1.3020 —2.2554 -1.6129
—0.5578 1.3765 -0.2092 —1.4245 —0.9903 —-1.6814
-9.5182 1.5808 —0.0235 —1.1065 —1.5260 —-1.6023
—0.7945 1.6804 0.0747 —1.0648 —1.8432 —1.5892
—5.0662 1.8288 0.2149 —0.8469 —1.9956 —1.5577

TABLE IV. Thermodynamic transport properties for the ternary liquid mixtures of morpho-
line + 1,4-dioxane+toluene at 308.15 K

X X, px103 /kgm3  VEx109 mPmol!  U/ms’! & &

0.0477 0.4578 0.9248 0.0166 1280 0.0469 0.4555
0.0756 0.5013 0.9387 -0.0049 1290 0.0744 0.4995
0.0781 0.5043 0.9407 -0.0168 1280 0.0769 0.5024
0.1146 0.5171 0.9487 -0.0195 1290 0.1130 0.5156
0.1121 0.4735 0.9424 —0.0405 1282 0.1104 0.4719
0.1305 0.4508 0.9403 -0.0321 1284 0.1285 0.4493
0.1572 0.3949 0.9337 —0.0261 1290 0.1549 0.3936
0.1570 0.3537 0.9274 —0.0387 1286 0.1546 0.3524
0.1612 0.3151 0.9203 -0.0354 1280 0.1587 0.3139
0.2186 0.2884 0.9239 -0.0281 1290 0.2155 0.2875
0.2066 0.2503 0.9201 —0.0822 1280 0.2034 0.2494
0.2350 0.2269 0.9144 -0.0184 1290 0.2316 0.2261
0.2409 0.3640 0.9399 -0.0177 1286 0.2378 0.3634
0.2443 0.2782 0.9273 —0.0435 1290 0.2409 0.2775
0.2435 0.0065 0.8825 -0.0916 1274 0.2394 0.0065
0.2802 0.3778 0.9305 0.1780 1280 0.2768 0.3776
0.3172 0.3883 0.9090 0.5081 1290 0.3137 0.3884
0.3044 0.0966 0.9527 -0.5729 1276 0.3000 0.0963
0.3532 0.4173 0.9302 0.3803 1286 0.3497 0.4179
0.3610 0.4471 0.9090 0.7011 1294 0.3576 0.4479
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TABLE IV. Continued

X X, px103 /kgm3  VEx109 m3mol! U/ms! & &

0.3978 0.4479 0.8972 0.9091 1292 0.3943 0.4491
0.3867 0.1397 0.9315 —-0.1300 1296 0.3819 0.1396
0.3952 0.1046 0.9090 0.0635 1316 0.3902 0.1045
0.3570  0.0949 0.8853 0.2553 1310 0.3522 0.0947

TABLE V. Thermodynamic transport properties for the ternary liquid mixtures of morpholine
+ 1,4-dioxane+toluene at 308.15 K

AKs 7 ALp<10T1 AB<1012 AVex10°7
TPa’! cP Aln (77/cP) m kg! K'lm?s m?3 mol-!
—8.8433 0.5730 —0.2994 8.5711 —1.7429 —6.6011
-12.6698 0.6440 —0.2854 5.9629 —2.4475 —-6.3165
-3.4661 0.6548 —0.2793 7.0119 -1.0570 —6.2948
—6.6581 0.6842 —0.3065 5.2522 —1.5440 —6.0352
-3.2808 0.7263 —0.2431 7.1149 -1.1156 —6.1844
-2.6529 0.7015 —0.2846 7.3635 -1.0779 -6.1317
-7.9157 0.6734 —0.3277 7.8463 —1.7450 —6.1220
—6.4852 0.6456 —0.3384 9.2292 -1.6720 —6.2377
-2.4236 0.5942 —0.3801 10.0900 —0.9508 —-6.3124
-4.4115 0.6198 —0.4245 10.0110 -1.2576 -6.0373
—1.4974 0.5937 —0.4180 11.8296 -1.0168 -6.2179
—4.3844 0.6134 —0.4289 11.4725 -1.2562 -6.1121
8.2209 0.7931 —0.3134 8.6335 0.6184 —5.7072
-1.5954 0.6918 —0.3845 9.9783 —0.9420 -5.9203
-1.3257 09114 —0.0531 18.3356 -0.9221 —6.7381
32.9812 1.0040 —0.1633 10.3046 0.4898 -5.4419
50.5900 1.0018 -0.2220 11.0722 0.8325 -5.1804
-23.1576 0.7577 —0.3294 11.5409 -0.5619 —6.0823
54.3454 0.6940 —0.5924 9.7244 0.8502 —4.8393
67.8794 0.8107 —0.4987 10.3545 1.1543 —4.7204
88.6874 0.7787 —0.5828 11.8775 1.5141 —4.4853
1.1146 1.1744 —0.0461 11.0315 -0.0754 —5.4758
-7.1118 1.2879 0.0069 10.9049 -1.3617 —5.5285
4.1838 1.1953 0.0347 13.5514 0.0885 —5.7907

TABLE VI. Coefficients of the Redlich—Kister equation (Eq. (13)) and standard deviation for
the ternary mixture of morpholine + 1,4-dioxane + nitrobenzene at 308.15 K

Parameter a b c o

VEx106 / m3 mol! -1.4183 19.8996 211.486 0.0022
AKg/ TPa'! —1893.438 -910.881 365.991 0.6498
n/cP 46.1904 37.8175 1413.52 0.0166
An/cP -3.1614 -2.7604 -486.90 0.0006
ALpx108 /m -0.4484 1.0761 -7.5793 0.0002
AB<10°1 / kgl K1 m? s -2.1234 -8.4693 613.310 0.0037
AVEx107 / m3 mol! —0.4472 —1.1541 —17.881 1.3427
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TABLE VII. Coefficients of the Redlich — Kister equation (Eq. (13)) and standard deviation
for the ternary mixture of morpholine + 1,4-dioxane + toluene at 308.15 K

Parameter a b c o

VEx100 / m3 mol! 2.1257 149.639 787.797 0.0016
AKg/ TPa'l 551.687 15015.2 7775.7 0.1439
n/cP 23.4643 -34.7198 972.12 0.0127
An/cP -12.1066 -42.3119 8.8834 0.0078
ALpx108 /m 3.0210 —4.0753 0.0104 0.0019
AB<10°1 / kgl K'lm? s 2.9982 264.08 1354.2 2.1010
AVex1077 / m3 mol! -2.0163 4.4961 -2.0265 0.0022

The sign of the VE values depends on either expansion or contraction that
occurs during the mixing of two liquids. The VE values are negative for most
mole fraction values except for a few at 308.15 K for the ternary mixture
containing morpholine + 1,4-dioxane + nitrobenzene. This may be due to the
strong molecular interactions between the constituent of liquid mixtures.3! The
other ternary liquid mixture morpholine + 1,4-dioxane + toluene show positive
values for many mole fractions. This may be due to the possibility of weak
interactions between the components in the liquid mixtures.

The values of AKg are directly proportional to different size and shape of the
components and inversely proportional to the velocity. In addition, AKg varies due
to change in the free volume.32-33 The negative AKg values for the ternary mixture
containing nitrobenzene may be due to the intermolecular interactions between
unlike molecules, which may make the system slightly flexible and slightly com-
pressible. The observed positive values of AKg may be due to the weak interaction
between the unlike molecules that results in rigidity and less compressibility of the
system. The 77 values also serve as a tool to study the nature of intermolecular
interactions. The observation of high magnitude of positive values34-35 advocates
the possibility for specific strong interactions in the nitrobenzene ternary mixtures.
The occurrence of lower magnitude 77 values for the toluene ternary mixtures
suggests the chance for weak and non-specific interactions. The influence of inter-
actions in ternary systems and their deviations from ideal behaviour was studied
through excess thermodynamic properties, such as ALk, Af7, AVr and Aln 7.

The analysis and comparison of the excess thermodynamic properties of
both ternary systems show more negative deviations were observed for those
associated with nitrobenzene than those associated with toluene. Hence, it could
be assumed that both the ternary liquid mixture exhibit intermolecular inter-
actions. Furthermore, it indicates the chance for the occurrence of strong inter-
molecular interactions in ternary mixtures containing nitrobenzene is greater in
comparison to those associated with toluene. The presence of a —-NO, group in
nitrobenzene deactivates the electron cloud in the benzene ring, while the —CHj3
group in toluene tends to activate the electron cloud. The examination of the nat-
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ure of the functional group attached to the benzene ring aids in analysing the
geometrical effects in influencing the possible interactions and also to correlate
the observed variations in trends of thermodynamic properties. From the above
measured and experimental data, the interactions present between the considered
ternary mixtures can be presumed as: morpholine + 1,4-dioxane + nitrobenzene >
morpholine + 1,4-dioxane + toluene.

CONCLUSIONS

The densities, ultrasonic velocities, viscosities and other excess thermodyn-
amic properties, such as excess volume, adiabatic compressibility, deviation in
viscosity, free length, isothermal compressibility, free volume for the two ternary
mixtures of morpholine + 1,4-dioxane + nitrobenzene and morpholine + 1,4-diox-
ane + toluene were measured at atmospheric pressures and at a temperature of
308.15 K. The relevant values for the pure components of the mixtures are also
provided for reference. The corresponding thermodynamic excess parameters were
calculated with the formulas reported earlier and fitted to a Redlich—Kister type
polynomial equation to determine the variable coefficients. The behaviour of the
liquid mixtures and the deviation from ideality has been discussed based on
experimental and calculated values. The VE values suggest the existence of inter-
molecular interactions between the component molecules in the liquid mixtures.
The intermolecular interactions may make the morpholine + 1,4-dioxane + nitro-
benzene mixtures slightly flexible and a little compressible indicated as suggested
by its AKg values. In contrast, the AKg values of morpholine + 1,4-dioxane +
toluene mixtures suggest the possibility for the occurrence of stiffness and a less
compressible nature. Both the ternary mixtures exhibit intermolecular interactions
between like molecules. The self-interaction may dominate in ternary mixture
containing nitrobenzene, and it may become less significant for the ternary mixture
associated with toluene. According to the measured and calculated properties, it
could be assumed that strong molecular interactions are more possible in morpho-
line + 1,4-dioxane + nitrobenzene than in morpholine + 1,4-dioxane + toluene. The
possibility for activation by the methyl group in toluene and the chance for deact-
ivation by the nitro group in nitrobenzene of the benzene moiety help to rationalize
the geometrical effects on the measured and calculated properties.

H3BOI
['YCTUHA, BUCKO3HOCT, YJITPA3BYYHA FP3UHA U JPYTU TEPMOOUHAMUYKHU

IMTAPAMETPH TPOJHUX TEUHHUX CMEIIA MOP®OJIMHA + 1,4-TUOKCAHA + TOJIYEHA
WM HUTPOBEH3EHA HA 308,15 K

KRISHNAMOORTHY UMASIVAKAMI', SUNDARARAJAN VAIDEESWARAN?” u AMBROSE ROSE VENIS'

'Department of Chemistry, St. Joseph’s College, Tiruchirappalli, Tamil Nadu, India u
’Department of Chemistry, National Institute of Technology, Tiruchirappalli, Tamil Nadu, India

['ycTHHe, BUCKO3HOCTHU U yJITPa3ByyHe Op3UHE MEPEeHe Cy 3a IjBe TepHApHEe TeYyHe CMelle:
mopdonuH (1) + 1,4-nuoxcaH (2) + HuTpobeHseH (3) u + TonyeH (3) Ha 308,15 K y unrtaBom
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pacmoHa MoJICKHX ¢pakudja. M3padyHaTd Cy TepMOAWHAMHUYKHM MapaMeTpH IMOMyT BHIIKA
sanpemune (VE), oncrymama y amuadarckoj crumsusoctu (AKg), cnoSonme myxune (ALg),
usotepmainHe komrpecudunHoct (ASr), cmodonHe 3anpemuHe (AVE) B BUCKO3HOCTH (A77) U
npuMeweHd Ha Pemmux—Kuctep (Redlich—Kister) jenHauuHy panu oppehuBama onrosapajy-
hux koeduuujenara. Opcrynama TPOjHUX TEUHHX MeEIIAaBHHA OJ HHUXOBOT HIIEATHOT MOHA-
mama je ompehUBaHO W3 MEPEHHUX U H3payyHATHX TepMOAWHAMHUYKUX ocoduHa. Taxobe,
NOKYIIaH je YBUZ Y MOJIEKYJIapHYy CTPYKTYpY ¥ MOryhe WHTepaKLyje 3a UCITUTaHe CMelle.

(ITpummero 29. aprycra 2017, pesunupaHo 1 npuxsaheno 31. maja 2018)
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