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Ternary ion interaction parameters for various mixture with
common ion will be evaluated in a subsequent paper.
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Densities and Viscosities of Binary Liquid Mixtures Containing

Bromoform at 45 °C
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Denslties and viscosities of elght binary liquid mixtures of
bromoform with carbon tetrachioride, dimethyi suifoxide,
cyciohexane, bromobenzene, dimethylformamide, methyl
ethyl ketone, ethyl acetate, and methanol are presented
at 45 °C as a function of composition of the mixtures. A
theoretical correlation Is attempted with McAllister, Heric,
and Auslander viscosity models.

Introduction

In the course of our studies on the thermodynamic properties
of binary mixtures, we have reported at 25 °C excess volumes
(7) and viscosities (2) for binary mixtures of bromoform with
carbon tetrachloride, dimethy! sulfoxide, cyclohexane, bromo-
benzene, dimethylformamide, methy! ethyl ketone, ethy! acetate,
and methanol. As an extension of that work, we have now
measured the denslties and viscoslties for the same eight
systems at 45 °C.

Experimental Section

All the chemicals used were of reagent grade. They were
distilled by fractionating through a 2-ft column. Only bromoform

Table I. Some Physical Properties of the Liquids Studied

boiling point, viscosity, refractive
° kg/(m/s) index*®
component measd lit. (¢) measd lit. (¢) measd lit. (4)
bromoform 149.00 149.50 0.1873 0.1890 1.5950 1.5956

carbon tetrachloride 76,20 76,756 0.0892 0.0902 1.4571 1.4574
dimethyl sulfoxide  190.00 189.85 0.2024 0.2021 1.4777 1.4773
cyclohexane 80,10 80.74 0.0883 0.0886 1.4229 1.4235
bromobenzene 155.90 156.05 0.1081 0.1040 1.5580 1.5571
dimethylformamide 152.80 153.00 0.0805 0.0800 1.4278 1.4282
methyl ethyl ketone  79.00 79.60 0.0475 0.0480 1.3759 1.3764
ethyl acetate 77.10 77.26 0.0439 0.0424 1.3702 1.3698
methanol 64.20 65.15 0.0590 0.0547 1.3258 1.3265

“ Refractive index was measured with a Abbe refractometer.

{Merck) was used directly without further purification since it
was avallable in the highest commercial purity. Purlty of the
solvents was ascertained by the constancy of thelr bofling points
during final distillations. Due to the nonavailability of direct
experimental data at 45 °C for most of the solvents used here,
the bolling points, viscosities, and refractive indices of the pure
components at 25 °C were checked against the literature
values (see Table I) to ascertain their purities (4).
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Table II. Density and Viscosity Data for Binary Mixtures
45 °C

viscosity viscosity
density, X% 107, density, X% 107,
X,  g/em® kg/(m/s) X,  g/em® kg/(m/s)

I. Bromoform (1)-Carbon Tetrachloride (2)
0.0 1.56131 0.74485 0.6651 2.35615 1.1640
0.1597 1.74545 0.82150 0.8607 2.61138 1.3285
0.3179 193234 091311 1.0 278232 1.47640
0.5191 2.17523 1.0558

II. Bromoform (1)-Dimethyl Sulfoxide (2)
0.0 1.08693 1.36580 0.5441 2.10815 1.98200
0.1216 1.33858 1.56800 0.5955 2.19030 1.98250
0.2541 1.59575 1.78740 0.8193 253366 1.71610
0.4430 193579 1.97840 1.0 278232 1.47640

III. Bromoform (1)-Cyclohexane (2)
0.0 0.76249 0.63377 0.6911 207339 1.11270
0.1748 1.06127 0.72362 0.8747 248639 1.30900
0.3427 1.36845 0.82005 1.0 2.78232 1.47640
0.5476 1.77066 0.97694

IV. Bromoform (1)-Bromobenzene (2)
0.0 147639 0.85355 0.6863 2.32870 1.27170
0.1693 1.67123 0.95044 0.8710 2.59182 1.39580
0.3354 1.87048 1.05110 1.0 2.78232 1.47640
0.5411 2.13148 1.17680

V. Bromoform (1)-Dimethylformamide (2)
0.0 0.93468 0.63484 0.6142 2.13394 1.47110
0.1317 1.21187 0.81900 0.7204 2.32270 1.51800
0.2705 1.49088 1.04640 0.8296 250572 1.51860
0.4636 1.86102 1.31320 1.0 2.78232 1.47640

VI. Bromoform (1)-Methyl Ethyl Ketone (2)
0.0 0.78781 0.34167 0.6499 209585 '1.03780
0.1474 1.08613 0.46777 0.8502 2.49309 1.29840
0.3005 1.39604  0.62283 1.0 2.78232 1.47640
0.5019 1.80069 0.85226

VII. Bromoform (1)-Ethyl Acetate (2)
0.0 0.87911 0.38292 0.7671 2.31283 1.17930
0.2695 1.36101 0.60053 1.0 2.78232 1.47640
0.5228 1.83583 0.87789

VIII. Bromoform (1)-Methanol (2)
0.0 0.77590 0.43453 0.7234 2.50171 1.26050
0.1630 1.39094 0.69347 0.8987 2.69697 1.38330
0.3122 1.79570 0.88443 1.0 2.78232 1.47640
0.4563 2.09590 1.04340

Solvent mixtures were prepared by weighing a calculated
volume of each solvent in the mixture; special airtight glass-

stoppered bottles were used for this purpose. Densities (p) and
viscosities (n) at 45 °C were measured by the procedure de-
scribed earlier (3). Triplicate measurements of each compo-
sition of the mixture showed a reproducibillty range for density
of £0.000 06 g/cm?® and for viscosity of £0.000 04 kg/(m/s).
However, only the average data are presented in Table II.
The mole fractions (X ,) were calculated from the measured
volumes and densities of individual components (3).

Results and Discussion

Experimental data of p and 7 are listed in Table II as a
function of mole fraction (X,) of the first component in the
mixture (i.e., bromoform). To the best of our knowledge no data
were available for the systems investigated here and hence no
comparison with the published results was possible.

The binary kinematic viscosity (n/p) data have been corre-
lated by using the cubic equation of McAllister (5) as well as
the Heric (6) and Auslander (7) relations. Statistical analysis
of the back-calculated values of viscosities in comparison to
the measured values indicated an average percent deviation
from 1.0 to 1.5 for McAllister equation; for the Auslander or
Heric relations, this was found to be between 2.0 and 3.0.

Regilstry No. Bromoform, 75-25-2; carbon tetrachloride, 56-23-5; di-
methyl sulfoxide, 67-68-5; cyclohexane, 110-82-7; bromobenzene, 108-
86-1; dimethylformamide, 68-12-2; ethyl acetate, 141-78-6; ethyl methyl
ketone, 78-93-3; methanol, 67-56-1.
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Experimental Densities and Derived Thermodynamic Properties for
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Vapor-phase densities have been measured for mixtures
of 2, 5, 10, 25, and 50 mol % water In carbon dioxide by
using a Burneti-isochoric apparatus. These experimental
densities, which cover a temperature range from 323.15
to 498.15 K and a pressure range from 27 kPa to 10.34
MPa, are considered accurate to £0.05%.
Thermodynamic properties, derived from the experimental
data for all five mixtures, have also been reported along
with the corresponding pressure—enthalpy dlagrams.

Introduction

Few high-accuracy density measurements are available for
nonpolar/polar vapor mixtures over extended ranges of pres-
sure, temperature, and composition. Such data are extremely
important in developing reliable equations of state and in cal-
culating thermodynamic properties.

Carbon dioxide-water mixtures have long been important in
combustion studies and in the manufacture of carbonated
beverages. Besides these well-known uses, they are de-
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