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Ternary ion interaction parameters for various mixture with (20) Rard, J. A.; Shiers, L. E.; Heiser, D. J.; Spedding, F. H. J. Chem. Eng. 
Data 1977, 22,  337. 

(21) Rard, J. A.; Miller. D. G. J. Chem. €ne. Data 1979, 24, 348. 
common ion will be evaluated in a subsequent paper. 
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Denshies and Viscosltties of Binary Liquid 
Bromoform at 45 OC 

Lata S. ManJeshwar and Tejraj M. Amlnabhavl" 

Department of Chemistty, Karnatak University, Dharwad, India 580 003 

Densb8 and vlsw8Mes of eight binary liquid mlxtures of 
bromoform with carbon tetrachloride, dimethyl sulfoxide, 
cyclohexane, bromobenzene, dimethyWormamlde, methyl 
ethyl ketone, othyl acetate, and methanol are presented 
at 45 OC as a functlon of composltlon of the mixtures. A 
theoretical correlatkn Is attempted with McAIHster, Herlc, 
and Amlander viscosity models. 

Introduction 

In  the course of our skldles on the thermodynamic properties 
of binary mlxtwes, we have reported at 25 O C  excess volumes 
( 7 )  and viscoslties (2) for binary mixtures of bromoform with 
carbon tetrachloride, dimethyl sulfoxide, Cyclohexane, bromo- 
benzene, dimethylformamide, methyl ethyl ketone, ethyl acetate, 
and methanol. As an extension of that work, we have now 
measured the densities and viscosities for the same eight 
systems at 45 O C .  

Experhntal Sectlon 

All the chemicals used were of reagent grade. They were 
distilled by fractionating through a 2 4  column. Only bromoform 

Containing 

Table I. Some Physical Properties of the Liquids Studied 
boiling point, viscosity, refractive 

"C kg/(m/d index' 
component measd lit. (4) measd lit. ( 4 )  measd lit. (4 )  

bromoform 
carbon tetrachloride 
dimethyl sulfoxide 
cyclohexane 
bromobenzene 
dimethylformamide 
methyl ethyl ketone 
ethyl acetate 
methanol 

149.00 
76.20 
190.00 
80.10 
155.90 
152.80 
79.00 
77.10 
64.20 

149.50 
76.75 
189.85 
80.74 
156.05 
153.00 
79.60 
77.26 
65.15 

0.1873 
0.0892 
0.2024 
0.0883 
0.1081 
0.0805 
0.0475 
0.0439 
0.0590 

0.1890 
0.0902 
0.2021 
0.0886 
0.1040 
0.0800 
0.0480 
0.0424 
0.0547 

1.5950 
1.4571 
1.4777 
1.4229 
1.5580 
1.4278 
1.3759 
1.3702 
1.3258 

1.5956 
1.4574 
1.4773 
1.4235 
1.5571 
1.4282 
1.3764 
1.3698 
1.3265 

a Refractive index was measured with a Abbe refractometer. 

(Merck) was used directly without further purification since it 
was available in the highest commercial purity. Purlty of the 
solvents was ascertained by the constancy of their boiling points 
during final distillations. Due to the nonavallabili of direct 
experimental data at 45 O C  for most of the solvents used here, 
the boiling points, viscoslties, and refractive indices of the pure 
components at 25 O C  were checked against the literature 
values (see Table I)  to ascertain their purities (4). 
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T a b l e  11. D e n s i t y  a n d  V iscos i t y  D a t a  f o r  B i n a r y  M i x t u r e s  
45 OC 

viscosity viscosity 
density, X lO- l ,  density, X IO-', 

XI g/cm3 kg/(m/s) XI g/cm3 kg/(m/s) 
I. Bromoform (1)-Carbon Tetrachloride (2) 

0.0 1.561 31 0.744 85 0.6651 2.356 15 1.1640 
0.1597 1.74545 0.821 50 0.8607 2.611 38 1.328 5 
0.3179 1.932 34 0.913 11 1.0 2.782 32 1.47640 
0.5191 2.175 23 1.055 8 

11. Bromoform (1)-Dimethyl Sulfoxide (2) 
0.0 1.086 93 1.365 80 0.5441 2.108 15 1.982 00 
0.1216 1.33858 1.56800 0.5955 2.19030 1.982 50 
0.2541 1.59575 1.787 40 0.8193 2.533 66 1.716 10 
0.4430 1.935 79 1.97840 1.0 2.782 32 1.476 40 

111. Bromoform (1)-Cyclohexane (2) 
0.0 0.762 49 0.633 77 0.6911 2.073 39 1.112 70 
0.1748 1.061 27 0.723 62 0.8747 2.486 39 1.30900 
0.3427 1.36845 0.82005 1.0 2.78232 1.47640 
0.5476 1.770 66 0.976 94 

IV. Bromoform (1)-Bromobenzene (2) 
0.0 1.476 39 0.853 55 0.6863 2.32870 1.271 70 
0.1693 1.671 23 0.95044 0.8710 2.591 82 1.39580 
0.3354 1.87048 1.051 10 1.0 2.78232 1.47640 
0.5411 2.131 48 1.17680 

V. Bromoform (1)-Dimethylformamide (2) 
0.0 0.93468 0.63484 0.6142 2.13394 1.471 10 
0.1317 1.21187 0.81900 0.7204 2.32270 1.51800 
0.2705 1.490 88 1.04640 0.8296 2.50572 1.51860 
0.4636 1.861 02 1.313 20 1.0 2.782 32 1.476 40 

VI. Bromoform (1)-Methyl Ethyl Ketone (2) 
0.0 
0.1474 
0.3005 
0.5019 

0.0 
0.2695 
0.5228 

0.0 
0.1630 
0.3122 
0.4563 

0.787 81 0.341 67 0.6499 2.095 85 
1.086 13 0.467 77 0.8502 2.493 09 
1.396 04 0.622 83 1.0 2.782 32 
1.800 69 0.852 26 

VII. Bromoform (1)-Ethyl Acetate (2) 
0.879 11 0.38292 0.7671 2.31283 
1.361 01 0.600 53 1.0 2.782 32 
1.835 83 0.877 89 

VIII. Bromoform (1)-Methanol (2) 
0.775 90 0.434 53 0.7234 2.501 71 
1.390 94 0.693 47 0.8987 2.696 97 
1.795 70 0.88443 1.0 2.782 32 
2.095 90 1.043 40 

1.037 80 
1.29840 
1.476 40 

1.17930 
1.476 40 

1.26050 
1.383 30 
1.476 40 

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. Densitiis @) and 
viscosities (7) at 45 O C  were measured by the procedure de- 
scribed earlier ( 3 ) .  Triplicate measurements of each compo- 
sition of the mixture showed a reproducibility range for density 
of fO.OOO 06 g/cm3 and for viscosity of *O.OOO 04 kg/(m/s). 
However, only the average data are presented in Table 11. 
The mole fractions (X,) were calculated from the measured 
volumes and densities of individual components (3). 

Results and Dlscusslon 

Experimental data of p and 7 are listed in Table I1 as a 
function of mole fraction (X,) of the first component in the 
mixtue (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 (TIP) 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. 

Registry No. Bromoform, 75-25-2; carbon tetrachloride, 56-23-5; di- 
methyl sulfoxide, 67-68-5; cyclohexane, 1 10-82-7; bromobenzene, 108- 
86-1; dimethylformamlde, 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 
Carbon Dioxide-Water Mixtures 

Mukund R. Patel and Philip T. Eubank' 

Department of Chemical Engineering, Texas A& M University, College Station, Texas 77843 

Vapor-phase densities have been measured for mlxtures 
of 2, 5, I O ,  25, and 50 mol % water In carbon dloxlde by 
uslng a Burnett-lsochorlc apparatus. These experlmenial 
densities, whlch cover a temperature range from 323.15 
to 498.15 K and a presswe range from 27 kPa to 10.34 
MPa, are consldered accurate to f0.05 %. 
Thermodynamic propertles, derived from the experimental 
data for all flve mlxturer, have also been reported along 
wlth the corresponding pressure-enthalpy diagrams. 
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Introductlon 

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

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