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Table V. Azeotropic State: 2-Propanol (1)-Toluene (2) 
azeotropic 
comp XI T, K 

p,torr exptl  calcd exptl  calcd 

760 0.8500 0.8490 354.48 354.64 
550 0.8000 0.7980 346.28 346.35 

The second vHal coeffldents of the cOmpOunds were calculated 
wlth the Tsonopoubs correlatlng formula (6). Antdne equatlon 
was used for the determination of the pure component vapor 
pressure. 

Estknatlon of Paramto#. Van Laar, Margules, and WIC 
son's parameters have been estlmated for the binary system. 
For Van Laar and Margules parameters least-squares technique 
was used. For Wilson's parametem the nonllnear ht-squares 
technique as proposed by Hlrata (2, 7) was used. As the 
vapor-phase " p o d t b n  Y1 has be determined, It was possible 
to compare the experimentally obtained values of Y wlth the 
calculated values. These resuits are presented in Table IV. 

PreCzEdkn of&- C m p d l h .  WHson's parameters 
were used to predict the azeotroplc composition. Table V 
shows the predicted and experimental azeotroplc composltlons 
and temperatures. 

Glossary 
A 

B 
n = refractive Index 

= estlmated parameters of Margules, Van Laar, and 

= second vlrial coefficient, cm3/mol 
Wilson 

P 

R 
T = temperature, K 
x ,  y 

Greek Letters 
Y activity coefficients 

Subscripts 

1, 2 
i ,  J 
exptl, 

= total pressue or saturated vapor pressure of pure 

= gas constant, cm3 torr/(mol K) 

= liquid and vapor molar fractions, respectively 

components, torr 

components 1 and 2, respectively 
components i and J ,  respectively 
experlmental or calculated quantlty, respectively 

WlCd 
Rogblry No. P-Propanol, 67-63-0; toluene, 108-88-3. 
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Vapor-Liquid Equilibrium for the Acetonitrile-2-Propanol-Benzene 
System at 50 O C  

Isamu Nagata 
Department of Chemical Enginwring< Kanaza wa Univers& Kanaza wa 920, Japan 

~~ 

Isothermal vapor-llquld equlllbrkrm for the 
acetonitrlk-2-propanoi-benzene system were measured 
at 50 OC by wing a BoubiHc vapor-reclrculailng stlll. The 
ternary exporhnental VLE data were compared wlth 
calculated values derived from the UNIOUAC association 
theory with only binary parameters, which were obtahd 
from VLE data for all thrw binary systems conrtitullng the 
ternary by using the moihod of maximum Ilkellhood 
principle. oood agreement Is oblalnd. 

This work was undertaken to report Isothermal vapor-liquid 
equlllbrlum (VLE) data for ternary mixtures of acetonitrile, 2- 
propanol, and benzene at 50 O C ,  as a part of VLE measure- 
ment series for ternary mlxtves containing one alphatlc a l c l d  
and acetonitrile. Some data have already been published 
( 7-4). Isothermal VLE data for three blnary systems constl- 
tutlng the ternary system have been reported In the literature: 
acetonitrile-2-propanol at 50 O C  (5); acetonltrlle-benzene at 
45 O C  (6); 2-propanol-benzene at 50 O C  (7). 

Experhnenial Section 
Materlelb. All reagents were purchased from Wako Chem- 

ical Industries, Ltd. Special grade acetonitrHe was used without 

0021-9568/85/1730-0363~Q1.5~lO 

Table I. Densities and Vapor Pressures of Compounds at 
26 O C  

density, g vapor press., kPa 

comDd this work lit. (8) this work lit. (8) 

acetonitrile 0.7766 0.77656 (9) 33.811 33.797 (9) 
2-propanol 0.7813 0.78126 23.931 23.931 
benzene 0.8737 0.a7370 36.210 36.169 

further purification. First grade 2-propanol was fractionally 
distilled after drying over anhydrous copper sulfate. First grade 
benzene was subjected to repeated recrystallization. Gas 
chromatography did not show any significant Impurities. in the 
reagents used. Densities were measured with an Anton Paar 
DMA 40 densimeter at 25 * 0.05 O C .  Densities and vapor 
pressures of the pure reagents are compared with the literature 
values in Table I .  

A#watus. The VLE determlnatbn at 50 O C  was carried out 
using a Boubllk vapor-reclrculatlon stlll, and the experimental 
technique has been described (70). All vapor and liquid sam- 
ples were analyzed wlth a Shimadzu GC 7A gas chromatograph 
and a Shlmadzu ITG 2A digital Integrator. The mors Involved 
In the measured variables wem as follows: composition, 0.002 
mole fraction; pressure, 13.3 Pa: temperature, 0.05 K. 
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Table 11. VaDor-Liauid Eauilibrium Data for the Acetonitrile (1)-2-Prouanol (2kBenzene (3) System at 50 OC" 

point x1 x 2  ' x3 Y1 Y2 y 3  P, kPa Y2 3'3 $1 42 43 
1 0.110 0.051 0.839 0.169 0.117 0.714 44.823 2.064 4.281 1.052 0.962 0.983 0.983 
2 0.098 0.357 0.545 0.130 0.300 0.570 
3 0.094 0.466 0.440 0.130 0.338 0.532 
4 0.072 0.700 0.228 0.134 0.441 0.425 
5 0.095 0.771 0.134 0.193 0.498 0.309 
6 0.079 0.878 0.043 0.219 0.639 0.142 
7 0.213 0.126 0.661 0.249 0.178 0.573 
8 0.243 0.269 0.488 0.260 0.245 0.495 
9 0.253 0.525 0.222 0.306 0.353 0.341 

10 0.289 0.376 0.335 0.302 0.289 0.409 
11 0.334 0.242 0.424 0.321 0.227 0.452 
1 2  0.344 0,099 0.557 0.346 0.139 0.515 
13 0.328 0.574 0.098 0.408 0.396 0.196 
14 0.437 0.122 0.441 0.397 0.151 0.452 
15 0.422 0.483 0.095 0.460 0.363 0.177 
16 0.479 0.292 0.229 0.425 0.257 0.318 
17 0.523 0.118 0.359 0.450 0.143 0.407 
18 0.658 0,109 0.233 0.537 0.140 0.323 
19 0.659 0.258 0.083 0.583 0.266 0.151 
20 0.846 0.114 0.040 0.747 0.168 0.085 
2 1  0.175 0.436 0.389 0.211 0.319 0.470 
22 0.387 0.215 0.398 0.359 0.210 0.431 
23 0.391 0.417 0.192 0.397 0.315 0.288 

47.769 
47.209 
42.596 
39.357 
33.944 
47.489 
42.289 
46.450 
47.929 
48.743 
47.743 
42.890 
47.743 
43.103 
47.849 
47.583 
45.970 
43.383 
39.730 
47.409 
48.636 
46.290 

1.888 1.663 1.379 
1.944 1.418 1.577 
2.364 1.112 2.202 
2.381 1.054 2.529 
2.812 1.027 3.141 
1.646 2.781 1.138 
1.556 1.856 1.384 
1.654 1.291 1.987 
1.475 1.523 1.626 
1.379 1.890 1.442 
1.416 2.777 1.224 
1.569 1.226 2.407 
1.275 2.447 1.361 
1.380 1.343 2.258 
1.243 1.741 1.856 
1.200 2.388 1.504 
1.098 2.449 1.786 
1.123 1.858 2.229 
1.030 2.446 2.402 
1.692 1.435 1.586 
1.325 1.964 1.464 
1.379 1.446 1.941 

0.956 
0.956 
0.957 
0.956 
0.959 
0.952 
0.947 
0.945 
0.945 
0.945 
0.947 
0.944 
0.943 
0.943 
0.940 
0.941 
0.939 
0.940 
0.942 
0.950 
0.943 
0.942 

0.978 0.984 
0.977 0.985 
0.978 0.988 
0.978 0.993 
0.981 0.998 
0.978 0.985 
0.976 0.987 
0.976 0.992 
0.976 0.990 
0.976 0.989 
0.978 0.988 
0.978 1.000 
0.977 0.991 
0.978 1.002 
0.976 0.996 
0.978 0.994 
0.979 0.999 
0.980 1.006 
0.986 1.014 
0.976 0.987 
0.976 0.991 
0.976 0.996 

"B,,  = -4144 cm3 mol-'; B2, = -1619 cm3 mol-'; B3, = -1205 cm3 mol-': B,, = -2268 cm3 mol-'; B,, = -1145 cm3 mol-'; B,, = -808 cm3 
mol-'; v 1L = 54 cm3 mol-'; yZL = 81 cm3 mol-'; yZL = 92 cm3 mol-'. 

Results 

The pressure-composition measurements at 50 OC are listed 
Activity coefficients were calculated from the in Table 11. 

equation 

P4,YI 

x f l S $ l S  exp[vlL(p - p I S ) / ~ ~ I  
TI = (1) 

where P, PIs, x,, and yI are the experimental values of the total 
pressure, pure component vapor pressure, and liquid and vapor 
mole fractions. The fugacity coefficients, 4, and were 
calculated from the volume-explicit virial equation truncated 
after the second term and second virial coefficients, 6, and B,, 
estimated by the method of Hayden and O'Connell ( 7 7 ) .  The 
pure liquid molar volumes vlL  were calculated by the modified 
Rackett equation ( 72). B,,, B,, and vlL are given at the bottom 
of Table 11. 

The coordination number Z is equal to 10 and segment 
fraction a, surface fraction 8, and binary parameter 7 are ex- 
pressed by 

(4) @ I  = x f l  / xxJJ 

$1 = xflI/CxAJ (5) 

71J = exp(-aIJ/ T ,  (6) 

The nominal segment fractions are related to the monomer 
segment fractions. 

Data Analysis 

The UNIQUAC associated solution theory ( 4 ,  73- 75) was 
used to analyze the ternary VLE data. According to the theory 
2-propanol self-associates (B, + B = B,+,) and forms chemical 
complexes with acetonitrile and benzene (B, + A = B p  ; Bi + 
C = B,C). The activity coefficients of acetonitrile (A), 2- 
propanol (B), and benzene (C) are given by 

- E------- OJTBJ ] (3) 
J OK7KJ 

In yc is derived by changing the subindex A to C in eq 2. 

Equations 7-9 are solved by iteration for aOA, aB,, and with 
subroutine NOLBR built in a FACOM M-170F computer. Then 
@ ' O B , ,  V ,  and V o  are given by 

@ O B ,  = [ ( ~ K B  1) - (4KB 1)"*]/2KB2 (10) 

The value of KB for 2-propanol was taken from Brandani 
(76): K, = 49.1 at 50 OC. The pure component structural 
parameters were calculated by the method of Vera et al. (77): 
for acetonitrile, r = 1.50, q = 1.40; for 2-propano1, r = 2.23, 
q = 1.98; for benzene, r = 2.56, q = 2.05. 
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Table 111. Binarv Parameters and Root Mean Sauare (RMS) Deviationr 
~ ~~~ ~ 

RMS deviations 
no. of 

temp, data comp, mo l  % parameters, K 
O C  points hP,kPa A T , K  Ax Ay aAB aBA KAB' 

2-propanol (A)-acetonitrile (B) 50 15 0.0696 0.01 0.05 0.37 538.50 84.11 23 

2-propanol (A)-benzene (B) 50 15 0.1040 0.02 0.06 0.41 129.75 12.72 2.5 
acetonitrile (A)-benzene (B) 45 12 0.1040 0.02 0.05 0.36 -10.54 258.38 

"A t  50 O C .  

Table IV. Ternary Calculated Results for the System 
Acetonitrile (1)-2-Propanol (2)-Benzene (3) at 50 OC 

Av," Av," A v 2  AP. K P a  APIP. % 

KETONITRILE 

mean deviation 0.23 0.26 0.29 0.4627 1.00 
RMS deviation 0.27 0.32 0.40 0.5660 1.20 

"In mol %. 

A VAPOR 

CALC _ _ _ _  LlOUlD / \ 

The thermodynamic consistency of the binary data was 
confirmed by the area test (78). Binary and ternary VLE and 
liquki-llquM equillbrkrm (LLE) data for many alcohol mlxtures 
have been reduced with the UNIQUAC assodetion theory (75). 
Binary parameter estimation was performed by using a com- 
puter program similar to that described by Rausnltz et al. (79), 
which is based on the maxlmum likelihood princlple. Standard 
deviations in the measured variables were the same as those 
used by Prausnltz et al.: for pressure, up = 133.3 Pa; for 
temperature, UT = 0.05 K; for Iiqd mole fraction, a, = 0.001; 
for vapor mole fraction, a,, = 0.003. The resuits of the pa- 
rameter estimation for the three binary systems were taken 
from the previous paper ( 75) and are shown in Table 111. 
Table I V  presents ternary predicted results, indicating that a 
good agreement is obtained between the experimental values 
and calculated results. Figure 1 shows the experimental and 
calculated tie lines and suggests that the system may Include 
a ternary azeotrope. I t  is to be noted that the values of the 
solvation constant and energy parameters for the acetonitrite- 
2-propanol system were used successfully to predlct ternary 
U E  for the acetonitrHe-2-propanl-cyc~xane system at 50 
OC (75, 20). 

A, B, C 
aIJ 

B I I f  BIJ 
Z, J 
i 
KB 
KBA 
KEG 
P 
PI 
9 
R 

T 
V 
V 0  
VI 
XX 
YI 
Z 

f 

acetonitrile, Ppropanol, and benzene 
binary interaction energy parameter 
pure and cross second vlrial coeffklents 
components 
alcohol i-mer 
association constant, (aB, , / @ B , @ B , ) [ / / ( i  + 111 
soivation constant, (@B,A/&B,@OA)[i/(/f + f A)] 
soivation constant, (*B,c/@B,@m)[i/(/fB + r,)] 
total pressure 
saturated vapor pressure of pure component Z 
pure component area parameter 
universal gas constant 
pure comspnent volume parameter 
absolute temperature 
true molar volume of alcohol mixture 
true molar volume of pure alcohol solution 
molar volume of pure liquid Z 
liquid-phase mole fraction of component Z 
vapor-phase mole fraction of component Z 
coordination number equal to 10 

&eek Letters 

Y I  
ex 
up, U T  

a,, by 
rIJ exp(-a,/ T )  

liquid-phase activity coefflclent of component Z 
area fraction of component Z 
standard deviations In pressure and temperature 
standard deviations in liquid and vapor mole fractions 

V V V V 
0.4 0 6  0 8  

BENZENE 2 - m m o L  O P  MOLE FRACTON 

Fburo 1. Equilibrium tie lines. 

+I 
aOA 
@e 
~ t g ,  

91 
91' 

segment fraction of component Z 
segment fraction of acetonitrile monomer in mixture 
segment fraction of alcohol monomer in mixture 
segment fraction of a- "er In pure ai- 

segment fraction of benzene monomer in mixture 
vapor-phase fugacity coefficlent of component Z 
vapor-phase fugacity coeffident of pure component 

Z at its saturation pressure PIs and system tem- 
perature T 

Rogbtry No. Acetonltrlle, 75-05-8; 2-propenol, 67-63-0; benzene, 
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