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Ultrasonic Velocities in, and Adiabatic Compressibilities for, Binary
Liquid Mixtures of 1,2-Dichloroethane with Benzene, Toluene,
p-Xylene, Quinoline, and Cyclohexane

Jagan Nath* and Geeta Singh

Chemistry Department, Gorakhpur University, Gorakhpur 273 009, India

Measurements of ultrasonic veloclties () and adiabatic
compressibilities (k,) have been made for mixtures of
1,2-dichloroethane (CH,CICH,Cl) with benzene, toluene,
and quinoline at 303.15 and 313.15 K, for mixtures of
CH,CICH,CI with p-xylene at 303.15 and 318.15 K, and
for mixtures of CH,CICH,Cl with cyclohexane at 308.15 K.
The values of the quantity Ak,, which refers to the
deviatlons of the experimental values of k, for mixtures
from the mole fraction mixture law values, have been
found to be positive for CH,CICH,Cl-benzene,
CH,CICHCl-toluene, CH,CICH,Cl-p -xylene, and
CH_,CICH,Cl-cyclohexane, and negative for
CH,CICHCl-quinoline.

Introduction

Quite recently, Nath and Singh (7) made measurements of
excess volumes for binary liquid mixtures of 1,2-dichloroethane
(CH,CICH,CI) with benzene, toluene, p-xylene, quinoline, and
cyclohexane at different temperatures, and the resuits obtained
have been discussed from the viewpoint of the existence of
specific interaction between the components of the various
mixtures. It has been indicated ( 7) that there exists specific
interaction leading to the formation of molecular complexes of
CH,CICH,CI with the aromatic hydrocarbons and quinoline in the
liquid state. Since the adiabatic compressibilities as obtained
from ultrasonic velocities in binary liquid mixtures are known
(2-5) to shed light on the existence of specific interaction
between the components, it was thought worthwhile to get
further information concerning the formation of adducts be-
tween the components of the binary mixtures of CH,CICH,CI
with the aromatic hydrocarbons, and quinoline, from measure-
ments of uitrasonic velocities. Hence, in the present program,
we have made measurements of ultrasonic velocities in, and
adiabatic compressibilities for, the binary liquid mixtures of
CH,CICH,CI with benzene, toluene, p-xylene, quinoline, and
cyciohexane and the results obtained have been interpreted in
this paper.

0021-9568/86/1731-0327$01.50/0

Table I. Values of Ultrasonic Velocities in, and Adiabatic
Compressibilities® for, Various Pure Liquids at 303.15 K

u, meg’t 1012k, Pa®
liquid this work  lit.  ref this work lit. ref
benzene 1278 1278 8 705 705 8
toluene 1284 1284.5 8 707 7066 8
p-xylene 1289 1288 3 706 707 3

1,2-dichloroethane 1175 1175* 5 585 585 5

9Values of k, calculated from eq 1, by using densities obtained
from the data reported in ref 7. ®Value obtained by interpolation.

Experimental Sectlon

Materials. The methods of purifying the various components
and checking their purity have been described earlier (7).

Method. The ulirasonic velocities, u, in pure liquids and their
binary mixtures were measured with a single-crystal interfer-
ometer (supplied by Mittal Enterprises, New Delhi) at a fre-
quency of 2 MHz s™'. The accuracy in the values of v is of the
order of £1.0 m s™'. The adiabatic compressibilities, k,, were
calculated from the relation (3-6)

ke = u?p” m

where p refers to the density. The densities used to calculate
k , for pure liquids at various temperatures were obtained from
the data reported by Timmermans (7), whereas the densities
used to calculate k, for mixtures were estimated from the
densities of pure liquids, and the data on excess volumes for
the various mixtures, as reported earlier (7). The accuracy in
the values of 102k, is of the order of 1.0 Pa~'.

The working of the interferometer was tested by making
measurements for pure liquids benzene, toluene, p-xyiene, and
1,2-dichloroethane at 303.15 K. Table I shows that present
values of u and k, for thesse liquids are in good agreement with
the data available in literature (3, §, 8).

Results and Discussion

The experimental values of ultrasonic velocities in, and adi-
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Table II. Experimental Values of Ultrasonic Velocities in, and Adiabatic Compressibilities for, the Various Systems of

CH,CICH,CI at Different Temperatures

10%,, 1012Ak,,

101%,, 10%Ak,, 101%,, 1012Ak,,

temp, K x;, u,ms?! Pal Pa?! temp,K x; u,ms?! Pal Pal! temp,K x, u,ms! Pal Pa!
CH,CICH,C}-Benzene 09334 1176 600 7 0.2558 1463 419  -18
303.15 0.0000 1278 705 1.0000 1175 585 0.4287 1402 447  -24
0.0860 1262 1701 6 31315 0.0000 1242 764 0.4327 1401 447  -25
0.1524 1251 696 9 0.0600 1233 760 4 0.4817 1382 457  -25
0.2142 1242 690 11 0.2677 1202 746 17 0.6368 1324 488  -25
0.3270 1227 679 13 0.3013 1198 1743 18 0.7591 1273 518  -19
0.3273 1227 679 13 05282 1169 719 24 0.8522 1235 543  -13
0.3337 1225 680 15 0.6674 1156 699 22 0.9297 1203 565 -8
0.4348 1214 668 15 0.7593 1148 684 19 0.9793 1183 579 -2
0.5800 1198 652 17 0.8313 1143 670 15 1.0000 1175 585
06180 1196 645 14 0.8854 1141 658 10 313.15 0.0000 1513 405
0.7173 1189 630 11 0.9034 1140 655 9 0.0694 1490 415 -6
0.7789 1184 622 10 1.0000 1136 633 01244 1474 421  -12
0.8453 1180 612 8 0.1751 1455 430  -15
09529 1177 593 2 CH,CICH,Cl-p-Xylene 0.2115 1443 436  -17
10000 1175 585 303.15 0.0000 1289 706 0.3336 1398 458 -23
313.15 0.0000 1230 771 0.0560 1281 704 5 0.3906 1380 467  -27
0.0595 1220 766 3 0.1194 1270 702 10 0.4686 1350 484  -28
0.1473 1206 759 8 01795 1262 699 15 0.5960 1302 512 -29
0.3786 1178 1732 13 0.2547 1250 695 20 0.6368 1285 522 -28
04918 1167 717 14 0.3708 1232 689 28 0.7033 1260 539  -26
0.4991 1166 1716 14 0.4954 1216 677 31 0.8027 1219 567 -21
05920 1157 704 15 0.5672 1206 670 33 0.8657 1192 588 -14
0.5981 1157 1703 15 0.7004 1193 650 29 0.9059 1176 600  -12
0.6011 1157 702 14 g-gggg Hgg 251*; fg 10000 1136 633
8;‘113; Hig ggg 1(1) 0.9818 1175 590 3 CH,CICH,Cl-Cyclohexane
07792 1145 673 10 10000 1175 585 308.15 0.0000 1206 899
08547 1141 660 7 31815 00000 1229 1789 0.0437 1197 897 1
10000 1136 633 0.1441 1207 784 14 0.2582 1158 875 51
0.2752 1188 177 24 0.3047 1153 865 55
CH,CICH,Cl-Toluene 0.3200 1181 775 28 04166 1141 840 62
303.15 0.0000 1284 707 0.3776 1173 771 32 04203 1141 838 61
00642 1274 1703 4 0.5130 1156 757 36 05346 1134 804 61
0.1575 1258 699 11 0.6894 1136 1732 34 06704 1132 1755 51
0.2520 1246 690 14 0.7850 1127 715 30 06818 1132 751 50
0.3362 1234 684 18 08761 1121 694 21 07159 1132 1738 47
04530 1218 673 21 1.0000 1119 657 07213 1132 1736 47
0.5348 1208 664 22 o 0.8187 1137 694 33
0.5708 1204 660 23 CH,CICH,Cl-Quinoline 0.8971 1144 657 19
07101 1181 640 20 303.15 0.0000 1545 386 0.8982 1144 657 19
07238 1189 639 20 0.0316 1537 389 -3 0.9480 1149 633 10
0.8853 1177 611 12 0.1068 1514 397  -10 0.9500 1150 632 9
0.1666 1493 406  -13 10000 1156 608

Table III. Values of the Constants Ay, A, and A, of Eq 2,
and the Standard Deviations 5(Ak,) for the Various
Systems of CH,CICH,Cl at Different Temperatures

10124, 1024,, 104, 105(Ak,),

system T, K Pa! Pa?! Pa! Pa!
CH,CICH,Cl- 303.15 6183 -10.72 -0.40  1.19
benzene 313.15 58.31 -1.57 -3.39 0.56
CH,CICH,Cl- 303.15 87.90 25.59 7.82 0.38
toluene 313.15 96.03 18.01 -11.97 0.17
CH,CICH,Cl- 303.15 126.73 41.14 3.20 0.43
p-xylene 318.15 142.73 51.30 17.05 0.72
CH,CICH,Cl- 303.15 -101.52 -0.92 461  0.66
quinoline 313.15 -115.06 -20.90 -2.81 0.57
CHCICH,Cl- 308.15 249.39 -36.42 -22.55 0.41
cyclohexane

abatic compressibilities for, binary liquld mixtures of CH,CICH,Cl
with benzene, toluene, p-xylene, quinoline, and cyclohexane at
various temperatures are given in Table II, where x ; refers to
the mole fraction of CH,CICH,CI. The values of the quantity
Ak, which refers to the deviations of the experimental values
of k. for the various mixtures from the mole fraction mixture
law values, are aiso given in Table 11 and have been fitted by
the method of least squares to the equation

Aky = x x5 [Ag+ Aglxy - x2) + Aglxy - 2] (2)
In eq 2, x refers to the mole fraction of CH,CICH,CI, x, refers

to the mole fraction of the aromatic hydrocarbon, quinoline or
cyciohexane, and A,, A ,, and A , are constants characteristic
of a system at a given temperature. The values of the con-
stants Ay, A, and A, along with the standard deviations §(Ak,)
are given in Table III.

The data show that throughout the whole range of compo-
sition, the values of Ak, are positive for CH,CICH,Cl-benzene,
CH,CICH,Cl-toluene, CH,CICH,Cl-p -xylene, and CH,CICH,Cl-
cyclohexane, and negative for CH,CICH,Cl-quinoline. At x, =
0.5, Ak, for the various systems has the sequence

(Ak s)cyclohexane > (Ak x)p—xybne > (Ak a)tohene > (Ak s)benzene >
(AK ) quinciine

The data show that the values of the temperature coefficient
8(Ak,)/8T are positive for CH,CICH,Cl-toluene and
CH,CICH,Cl-p—xylene, and negative for CH,CICH,Cl-benzene
and CH,CICH,Cl-quinoline. The negative values of Ak, for
CH,CICH,Cl-quinoline indicate the existence of specific inter-
action leading to the formation of adducts between CH,CICH,CI
and quinoline in the liquid state. Further, the positive values of
8(Ak,)/6T for the systems CH,CICH,Cl-toluene and
CH,CICH,Cl-p-xylene also indicate the existence of specific
interaction between CH,CICH,Cl and the aromatic hydro-
carbons. The negative values of 8(Ak,)/8T for the system
CH,CICH,Cl-quinoline can explained to be due to the self-as-
sociation (9) of the quinoline molecules through hydrogen
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bonding, whereas the negative values of §(Ak,)/dT for the
system CH,CICH,Cl-benzene can be visualized to be due to the
predominance of the contributions to Ak, from nonspecific
interactions over those from specific interactions.
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Solubility and Metastable Zone Width of Sodium Chloride in

Water-Diethylene Glycol Mixtures

Angelo Chianese,’ Serglo DI Cave,* and Barbara Mazzarotta
Dipartimento di Ingegneria Chimica, Universitad di Roma, 00184 Roma, Italy

The solublity of sodium chloride in agueous diethylene
glycol (DEG) was determined in the range of 0-100%
DEG concentration and 10~80 °C. The
temperature-solubliity relationships can be expressed by
straight lines, whose parameters are functions of the
solvent composlition and can be predicted by second-order
expressions. The temperature coefficient of the solubliity
varles progressively, being negative for solutions 100-74
wt % of DEG, and positive for solutions 74-0 wt % of
DEG. The metastablliity range In 0-100% aqueous DEG
was also determined: It becomes wider on increasing the
DEG content in the solvent.

Introduction

During the dehydration of crude natural gas, usually per-
formed with concentrated solutions of ethylene glycols, signif-
icant amounts of salts may accumulate in the liquid phase. In
order to prevent excessive scaling over the heat-transfer sur-
faces of the dehydration loop, it is very important to know the
solubllity characteristics of these salts in the particular solvent.
The predominant salt is sodium chloride: its solubilities in mix-
tures of water—diethylene glycol (DEG) are reported in some
published papers (7-6). However, the data are not compiete,
being limited either to a partial range of solvent compositions
(mixtures rich of DEG) (7-4), or to room temperature alone (5,
6). Moreover, while the dependence of the temperature-sol-
ubility coefficient on the solvent composition is qualitatively
confirmed, from the quantitative point of view significant dis-
crepancies appear; in fact for 80 wt % of DEG both negative
(71-3) and positive (4) values are reported. Finally, no data
seem to be available about the metastability range. In this
work the solubility of sodium chloride in aqueous solutions of
DEG has been investigated for water/DEG ratlos 0-100% and

' Dipartimento di Ingegneria Chimica, Universiti de L’Aquiia Monteluco-Rojo,
67100 L'Aquila, Ttaly.
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in a wide interval of temperatures (10-90 °C); in addition the
metastabllity range width has been determined.

Experimental Method

All the chemicals were Farmitalla Carlo Erba with the fol-
lowing purities: sodium chloride >99.5%, diethylene glycol
>99.5%, and water bidistilled grade.

The experimental apparatus was a 250-mL cylindrical jack-
eted glass cell, connected to a thermostatic bath and mag-
netically stirred. Temperature was maintained and read with
a precision of £0.1 °C,

(1) Solublity. The two methods commonly adopted (7) to
determine solubility data have been used. The first, which
consists of increasing and decreasing the temperature of a
solution prepared from weighed amounts of sait and solvent till
nucleation or dissolution take place, has been found unsuitable,
especially for solvent compositions in the range 80-50 wt %
of DEG where the temperature exhibits little or no influence over
sodium chloride solublility: measurements were carried out
according to this first method only for 100% DEG solvent.

The second method consists of maintaining at a fixed tem-
perature a stirred solution containing some excess of salt till
equilibrium conditions are reached, and afterwards measuring
the concentration of the saturated solution. In the present case
the salt content was determined by applying the gravimetric
method to samples (about 10 mL each) withdrawn from the
solution. The precision of the gravimetric method was tested
by determining the solids recovery with water-DEG solutions
containing weighed amounts of sodium chloride: the standard
deviation obtained was <0.04 g of NaCl/100 g of solvent.

Liquid and solid phases were assumed to be in equilibrium
when the differences between the sait content of the liquid
determined in three consecutive samples withdrawn at about
6-h intervais was within 0.08 g of NaCl/100 g solvent. The
sampling procedure was as follows. Stirring was stopped and
the crystals were allowed to settie for 15-30 min, depending
on the viscostty of the solution, which is principally affected by
the DEG concentration; three samples were withdrawn by
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