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The acentric factors of both components were estimated by 
the methods of Reid et al. (8). 

Conclusion 

1. The apparatus used in this investigation is capable of 
measuring reliable vapor-liquid equilibrium data for process 
design purposes. 

2. Both the have-Redlii-Kwong equation of state and the 
DDLC-EOS model yield satisfactory results in comparison with 
the experimental data. 

Glossary 

a 
b 
ell 
E// 
m 
P 
R 
T 
V 

X 

Y 

attractive parameter, J.m3.mol-’ 
repulsive parameter, m3.mol-’ 
binary interaction parameter 
nonconformal parameter 
number of datum points 
pressure, MPa 
gas constant, J-mol-’.K-’ 
absolute temperature, K 
molar volume, m3.mol-’ 
mole fraction of liquid phase 
mole fraction of vapor phase 

Superscripts 

Subscripts 
iJ,k component 
cal calculated 
exP experimental 
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Excess Volumes of Isobutanol with Toluene or o-Xylene at 303.15 
and 308.15 K 

B. V. Mallu*~t and Y. V. Chalapati Rao 
Department of Chemical Engineering, Indian Institute of Technology, Kanpur 2080 76, India 

Excess molar volumes for the binary mixtures of 
lsobutanol with toluene and o-xylene have been measured 
at 303.15 and 308.15 K with use of a continuous dilution 
dilatometer. The excess volumes are posltlve for both the 
systems at these temperatures. 

I ntroductlon 

Brown and Smith ( 7 )  have studied the excess volumes of 
mixing for isobutanol (2-methyl- 1 -propanol) with benzene in the 
temperature range of 298.15-318.15 K. Swamy et al. (2) and 
Raman et al. (3) have reported excess volumes of isobutanol 
with toluene at 303.15 K. Here we report the excess volumes 
of isobutanol with toluene and o-xylene at 303.15 and 308.15 
K. The excess volumes are positive over the entire composition 
range and increase with temperature. 

Experlmental Section 

A continuous dilution dilatometer of the type used by Ku- 
maran and McGlashan (4) was fabricated to carry out the 
present study. The dilatometer was immersed in a water bath. 
Temperature of the bath was controlled by a proportional 
controller and measured to fO.O1 K with a K-3 universal po- 
tentiometer (Leeds and Nothrup Inc.) A precision cathetometer 
(Gartener Scientific Co., Chicago, IL) readable to 0.01 mm was 
used to measure the mercury levels in the dilatometer. The 

Present address: Department of Chemical Engineering, University of Mis- 
souri, Columbia, MO 6521 1 

T a b l e  I .  N o r m a l  Boiling Points T, and Densities p of Pure 
Components 

Tb/K pl(kg m-9 
component th is  work lit. T/K th is  work lit. 

isobutanol 380.30 380.81 (7) 303.15 795.93 793.8 (7) 
308.15 791.84 789.8 (7) 

toluene 383.65 383.78 (8) 303.15 857.79 857.6 (8) 
308.15 852.93 852.9 (8) 

o-xylene 417.25 417.58 (8) 303.15 866.08 871.7 (8) 
308.15 861.93 867.5 (8) 

estimated uncertainty in the volume measurement was f0.004 
cm3/mol-’. The experimental procedure is similar to the one 
followed by Kumaran and McGlashan (4) and Pickerell and 
Plank (5). The details of the experiment are described else- 
where (6). 

PurHlcatlon of Materials 

Analytical grade chemicals were purified in a 22-plate dis- 
tillation column. The middle cut from the distillation product was 
taken for the experiments. Triple-distilled mercury was used 
in the experiments. Measured values for normal boiling point 
and densities of the purified components are presented in Table 
I ,  along with literature values (7, 8). The details of the distil- 
lation of the chemicals and measurement of physical properties 
were described earlier (9). 

Results and Discussion 

with toluene and o-xylene are presented in Table 11. 
The experimental excess molar volumes VE of isobutanol 

The 
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Table 11. Excess Molar Volumes VE of Isobutanol + 
Toluene or + o-Xylene at 303.15 and 308.15 K as a Function 
of the Mole Fraction x of Isobutanol, Coefficients ai 
(Equation l ) ,  and Standard Deviations u( VE) (Equation 2) i 

0.05 r ,  , , , , , ,v 
0.00 

0.0 0.1 0.2 0 . 3  0.4 0.5 0.6 0.7 0.8 0.9 1.0 
X 

Flgure 1. Excess molar volumes VE of isobutanol + toluene as a 
function of the mole fraction x of isobutanol. Points, experimental 
values: 0, 303.15 K (this work); 0, 303.15 K (3); 0, 308.15 K (this 
work). Curves, fitted values, eq 1. 

Oat 
0 i 

X 

Flgure 2. Excess molar volumes VE of isobutanol + o-xylene as a 
function of the mole fraction x of isobutanol. Points, experimental 
values: 0, 303.15 K (this work): 0, 308.15 K (this work). Curves, 
fitted values, eq 1. 

results are also shown in Figures 1 and 2. 
umes are fitted to the equation 

VE/(cm3 mol-') = 

The excess vol- 

x(1 - x ) [ a ,  + a1(2x - 1) + a2(2x - (1) 

where a o, a 1, and a are adjustable parameters and x is the 
mole fraction of isobutanol. The values of a,, a 1, and a 2  are 
obtained by least-squares analysis. The standard deviations are 
calculated by using the equation 

L J 

where n is the number of measurements and p is the number 
of parameters. The values of the parameters, along with the 
standard deviations u( VE), are given in Table 11. 

At 303.15 and 308.15 K both systems show positive excess 
volumes with a maximum in isobutanol lean mixtures and in- 
crease with temperature. A similar trend is observed by Brown 
and Smith ( 7 ) for isobutanol + benzene mixtures. Literature 
values reported by Swamy et al. (2, 3) are also included in 
Figure 2. The literature VE values of isobutanol + toluene (2, 
3) agree with an average absolute and maximum deviations of 
0.0063 and 0.0164 cm3 mol-', respectively, with the values 
calculated from eq 1. 

at  303.15 K at  308.15 K 
X VE X VE 

Isobutanol + Toluene 
0.0598 0.0923 0.0392 0.0642 
0.1153 0.1237 0.0534 0.0899 
0.1300 0.1539 0.1224 0.1627 
0.1899 0.1686 0.1771 0.1868 
0.2204 0.1823 0.2917 0.2336 
0.2533 0.1993 0.3392 0.2402 
0.3254 0.2117 0.3842 0.2344 
0.4000 0.2009 0.3917 0.2312 
0.6281 0.1437 0.4342 0.2334 
0.7059 0.1063 0.4396 0.2306 
0.7454 0.0648 0.6597 0.1498 
0.8140 0.0468 0.7094 0.1209 
0.8304 0.0441 0.7509 0.0980 

0.8092 0.0751 
0.8849 0.0338 
0.9104 0.0198 
0.9531 0.0089 

a. = 0.72494 
a, = -0.653 24 

= 0.842 30 
= -0.690 70 

a2 = 0.11102 
u(VE)/(cm3 mol-') = 0.0107 u(VE)/(cm3 mol-') = 0.0064 

az = 0.05083 

Isobutanol + o-Xylene 
0.0845 0.0958 0.0666 0.1181 
0.1026 0.0971 0.2116 0.2085 
0.2176 0.1699 0.2162 0.2170 
0.2303 0.1751 0.2851 0.2347 
0.3324 0.1958 0.2891 0.2453 
0.3468 0.1921 0.3639 0.2552 
0.4228 0.1949 0.3713 0.2401 
0.4607 0.1828 0.4166 0.2381 
0.6784 0.1082 0.4515 0.2351 
0.7164 0.0970 0.4638 0.2206 
0.7701 0.0758 0.6744 0.1349 
0.8125 0.0499 0.6763 0.1347 

0.7083 0.1163 
0.8049 0.0789 
0.8148 0.0663 
0.8674 0.0488 
0.8734 0.0359 
0.9420 0.0132 
0.9649 0.0102 

a1 = -0.721 62 
az = 0.12987 

= 0.700 08 = 0.851 96 
(11 = -0.53808 
az = -0.01389 

a(VE)/(cm3 mol-I) = 0.0044 u(VE)/(cm3 mol-') = 0.0075 
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