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Isobaric Vapor-Liquid Equilibria in the Ternary System Acetonitrile + 
Methyl Acetate + Propyl Bromide 

Jaime Wisniak 

Department of Chemical Engineering, Ben-Gurion University of the Negev, Beer-Sheva, Israel 84105 

Vapor-liquid equilibrium at 101.3 kPa has been determined for the ternary system acetonitrile + methyl 
acetate + propyl bromide. The data were correlated by the Redlich-Kister and Wisniak-Tamir equations, 
and the appropriate parameters are reported. The activity coefficients of the ternary system can be predicted 
from those of the pertinent binary systems. No ternary azeotrope is present. 

The present work was undertaken to measure vapor-liquid 
equilibrium (VLE) data for the title system for which no 
isobaric data are available. This is part of a program to 
determine UNIFAC parameters for organic bromides. Data 
for the binaries have already been reported (1-3). 

Experimental Section 

Purity ofMaterials. Methyl acetate (99.2 + mol 96 ) and 
propyl bromide (99.4 + mol % ) were purchased from Merck, 
and acetonitrile (99.5 + mol % ) was purchased from HPLC 
Bio-Lab. The reagents were used without further purification 
after gas chromatography failed to show any significant 
impurities. The properties and purities (as determined by 
GLC) of the pure components appear in Table I. 

ApparatusandProcedure. Anall-glassmodified Dvorak 
and Boublik recirculation still (4)  was used in the VLE 
measurements. The experimental features have been de- 
scribed in a previous publication (5). All analyses were carried 
out by gas chromatography on a Packard-Becker Model 417 
apparatus provided with a thermal conductivity detector and 
a Spectra Physics Model SP 4290 electronic integrator. The 
column was 3 m long and 0.2 cm in diameter, filled with 
Poropak Q, and operated at  140 "C. The temperatures at  the 
detector and injector were 240 and 220 "C, respectively. Very 
good separation was achieved under these conditions, and 
calibration analyses were carried out to convert the peak ratio 
to the weight composition of the sample. Concentration 
measurements were accurate to better than f0.008 mole 
fraction unit. The accuracies in determination of the pressure 
P and temperature t were at least f O . l  kPa and 0.02 "C, 
respectively. 

Results 

The temperature T and liquid-phase xi and vapor-phase 
yi mole fraction measurements at P = 101.3 kPa are reported 
in Table 11, together with the activity coefficienta yi which 
were calculated from the following equation (6): 

In y i  = In(Pyi/Pioxi) + (Bii - up)(P - Pio)/RT + 
n n  

where 

Table I. Mole Percent GLC Purities, Refractive Indexes 
nD at the Na D Line, and Normal Boiling Points 2' of Pure 
Components 

T / K  component (purity/(mol '% )) nd298.15K) 
acetonitrile (99.5) 1.34100 354.65" 

1.34166 354.75b 
methyl acetate (99.2) 1.3588' 330.090 

1.358Q6 330.Wb 
propyl bromide (99.4) 1.43200 343.700 

1.4317b 344.156 

Measured. Reference 12. 

Figure 1. Isothermals for the ternary system acetonitrile + 
methyl acetate + propyl bromide (101.3 kPa). Coefficients 
from eq 5. 

6.. 11 = 2B..-B..-Bii 15 11 (2) 

The pure component vapor pressures Pi" were calculated 
according to the Antoine equation: 

log(Pio/kPa) = Ai-Bi/(T/K - Ci) (3) 

where the constants Ai, Bi, and Ci are reported in Table 111. 
The molar virial coefficients Bii and Bi, were estimated by the 
method of O'Connell and Prausnitz (7) using the molecular 
parameters suggested by the authors and assuming the 
association parameter 9 to be zero. The last two terms in eq 
1 contributed less than 3% to the activity coefficient, and 
their influence was important only at  very dilute concen- 
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Table 11. Experimental Vapor-Liquid Equilibrium Data for Acetonitrile (1)  + Methyl Acetate (2) + Propyl Bromide (3) at 
101.3 kPa 

331.95 0.189 0.773 0.132 0.824 1.448 1.006 
332.58 0.169 0.613 0.118 0.680 1.410 1.030 
332.65 0.244 0.701 0.144 0.792 1.191 1.043 
332.65 0.248 0.657 0.153 0.738 1.241 1.039 
333.19 0.203 0.552 0.139 0.622 1.349 1.028 
333.32 0.212 0.621 0.165 0.666 1.525 0.9730 
333.35 0.193 0.557 0.160 0.598 1.621 0.9758 
333.42 0.219 0.498 0.150 0.578 1.336 1.054 
333.76 0.279 0.594 0.176 0.693 1.217 1.043 
334.42 0.212 0.361 0.188 0.403 1.664 0.9917 
334.44 0.297 0.466 0.199 0.549 1.256 1.037 
334.66 0.353 0.487 0.226 0.583 1.189 1.045 
334.69 0.327 0.531 0.207 0.630 1.178 1.032 
334.75 0.385 0.454 0.247 0.549 1.185 1.054 
335.11 0.368 0.474 0.239 0.567 1.187 1.030 
335.21 0.252 0.371 0.189 0.454 1.370 1.057 
335.66 0.262 0.330 0.202 0.406 1.386 1.051 
335.15 0.432 0.378 0.288 0.463 1.210 1.059 
335.86 0.422 0.506 0.264 0.633 1.114 1.050 
336.36 0.291 0.229 0.240 0.301 1.444 1.106 
336.40 0.254 0.188 0.228 0.247 1.573 1.110 
336.71 0.219 0.157 0.213 0.212 1.691 1.133 
336.74 0.431 0.259 0.304 0.336 1.211 1.076 
337.09 0.325 0.183 0.277 0.236 1.452 1.066 
337.18 0.279 0.151 0.254 0.195 1.552 1.069 
337.21 0.473 0.314 0.318 0.397 1.135 1.030 
337.32 0.234 0.118 0.230 0.173 1.673 1.211 
337.64 0.540 0.349 0.356 0.470 1.095 1.079 
337.65 0.195 0.094 0.208 0.145 1.802 1.266 
337.85 0.196 0.134 0.201 0.184 1.720 1.116 
337.90 0.167 0.084 0.182 0.110 1.834 1.071 
338.06 0.525 0.139 0.384 0.185 1.197 1.072 
338.12 0.547 0.399 0.357 0.545 1.069 1.075 
338.80 0.286 0.050 0.285 0.070 1.612 1.115 
338.82 0.576 0.169 0.426 0.220 1.176 1.022 
338.94 0.567 0.322 0.388 0.437 1.087 1.047 
339.00 0.622 0.237 0.422 0.336 1.072 1.098 
339.15 0.576 0.180 0.402 0.245 1.099 1.056 
339.40 0.528 0.066 0.404 0.090 1.199 1.063 
340.02 0.659 0.263 0.450 0.395 1.042 1.126 
340.46 0.629 0.081 0.453 0.108 1.085 1.005 
340.46 0.672 0.103 0.484 0.141 1.082 1.029 
341.11 0.686 0.225 0.468 0.349 1.004 1.128 
342.40 0.736 0.156 0.535 0.244 1.022 1.103 
343.28 0.792 0.041 0.575 0.061 0.9929 1.036 
343.65 0.784 0.094 0.604 0.144 1.038 1.050 
343.94 0.737 0.220 0.539 0.359 0.9803 1.094 
345.30 0.809 0.155 0.624 0.288 0.9867 1.205 
345.74 0.857 0.047 0.659 0.080 0.9693 1.104 
346.05 0.817 0.143 0.637 0.253 0.9738 1.125 
348.91 0.881 0.095 0.738 0.189 0.9555 1.175 
349.92 0.909 0.074 0.813 0.159 0.9880 1.240 
350.79 0.934 0.053 0.853 0.114 0.9822 1.217 

Table 111. Antoine Coefficients, Equation 3 
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comDound Ai Bi Ci 

acetonitrile" 6.198 43 1279.20 49.15 
methyl acetateb 6.186 21 1156.43 53.46 
propyl bromideb 6.035 55 1194.889 47.64 

Reference 13. Reference 12. 

trations. The calculated activity coefficients are reported in 
Table I1 and are estimated accurate to within *3 % . 

The ternary data reported in Table 11 were found to be 
thermodynamically consistent as tested by the McDermot- 
Ellis method (10) modified by Wisniak and Tamir (8). The 
values of D,, were at least 0.044 while the values of D for 
any given point never exceeded 0.039. The test requires that 
D < D,, for every point. The activity coefficients for the 
ternary system were correlated by the following Redlich- 
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Kister expansion (9): 

where bij, cij, and dij are constants for the pertinent binary 
and C1 is a ternary constant. The equations for two other 
pairs of activity Coefficients were obtained by cyclic rotation 
of the indices. The binary data used for calculating the binary 
constants have been reported elsewhere (1-3). 

The ternary Redlich-Kister coefficient was obtained by a 
Simplex optimization technique. The differences between 
the values of the root mean square deviation for the activity 
coefficient for the two cases-with and without the ternary 
constant C1 (Table 1V)-are statistically not significant, 
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Table IV. Redlich-Kister Coefficients, Ternary Data, and Root Mean Square Deviations in Activity Coefficients, rmsd 
rmsd 

acetonitrile (1) + methyl acetate (2) + 0.1395 -0.1253 0.0980 0.4512 0 0 0.0836 -0,1428 0.2507 0 0.011 0.020 
propyl bromide (3) 0.011 0.011 0.017 

Table V. Coefficients in the Correlation of Boiling Points, Equation 5 ( D  = 0), and Root Mean Square Deviations in 
Temperature, rmsd(T/K) 

svstem Cn C1 c2 CR rmsd 
~ ~~~ ~ 

- acetonitrile (1) + methyl acetate (2) -17.837 -5.7460 6.4429 0.03 
acetonitrile (1) + propyl bromide (3) -35.530 -11.723 -19.298 0.04 
methyl acetate (2) + propyl bromide (3) -19.418 5.3963 0 0.03 

system A B C rmsd 
acetonitrile (1) + methyl acetate (2) + propyl bromide (3) 5.4876 -82.087 0.12 

- 
- 

- 

suggesting that ternary data can be predicted directly from 
the binary systems. 

The boiling points of the systems were correlated by the 
equation proposed by Wisniak and Tamir (10): 

n 

~ 1 x g J A  + B(x,  - x Z )  + C ( X ~ -  x3) + D(x2 - ~ 3 ) )  (5) 
In these equations n is the number of components ( n  = 2 or 
31, Tio is the boiling point of the pure component i (K or "C) ,  
and 1 is the number of terms in the series expansion of xi - 
rj. Ck are the binary constants whereas A,  B,  C, and D are 
ternary constants. An equation of the same structure can be 
used for the direct correlation of ternary data, without use 
of binary data. Both forms will require about the same 
number of constants for similar accuracy, but the direct 
correlation allows an easier calculation of boiling isotherms 
(Figure 1). The various constants of eq 5 are reported in 
Table V, which also contains information indicating the degree 
of goodness of the correlation. 
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Glossary 
Ai,Bi,Ci Antoine constants, eq 3 
BiitBij 
biitcijpdii Redlich-Kister constants, eq 4 
N number of measurements 
P total pressure 
Pi" 
R gas constant 

Yehudit Reizner and Moshe Golden helped in the exper- 

second molar virial coefficients, eqs 1 and 2 

vapor pressure of pure component i 

rmsd(T) 

Yi 
6 i j  

root mean square deviation, { ~ ( T , , , t ~  - 
Tcaicd)2~0~5/N 

root mean square deviation, {C(yi,erptl - 

boiling temperature of a mixture 
boiling temperature of pure component i 
molar volume of liquid component i 
mole fraction of component i in the liquid 

activity coefficient of component i 
molar virial coefficient parameter, eq 2 

Y ~ , C ~ ~ ~ ) O . ~ / N  

and vapor phases 

Subscripts 
exptl experimental value 
calcd calculated value 
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