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Total-Pressure Vapor-Liquid Equilibrium Data for Binary Systems of 
Nitromethane with Ethyl Acetate, Acetonitrile, and Acetone 
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Total-pressure vapor-liquid equlilbrlum (VLE) data are 
reported at approxlmately 298, 348, and 398 K for each 
of three nitromethane binarles with ethyl acetate, 
acetonitrile, and acetone as the other components. The 
experimental PTx data were reduced to yI, y I ,  and GE 
values by both the Mlxon-Gumowskl-Carpenter and the 
Barker methods, but only the Mlxon et al. results are 
reported in their entirety. Seven GE correlations were 
tested in the Barker data reduction wlth the flve-constant 
Redllch-Kister equation glving the best results. The effect 
of the equatlon of state used to estimate the vapor-phase 
fugaclty coeff lclents was Investigated. 

Introductlon 

This paper presents total-pressure vapor-liquid equilibrium 
data for three systems with nitromethane as the common 
component. The other components are ethyl acetate, aceto- 
nitrile, and acetone. Previous papers have reported data for 
nitromethane with 1-chlorobutane ( 7 )  and with chlorobenzene 
(2). A subsequent paper will cover data with methanol and 
ethanol. The apparatus and techniques used to measure all of 
these data have been described previously along with the de- 
fining equation for the activity coefficient and the standard state 
used (3). 

Chemicals Used 

The sources and purities of the chemicals used are listed in 
Table I. Activated molecular sieves (either 3A or 4A) were 
put into the chemical containers as they were received. Just 
prior to being loaded into the VLE cells, each chemical was 
poured into a distillation flask and distilled through a Vigreux 
column (25-mm 0.d. and 470 mm long). The first and last 
portions of each distillate were discarded. The retained portions 
were caught in amber bottles and back-flushed with dry nitrogen 
for transfer to the cell-loading operation. The stated purities of 
the chemicals were verified with gas-liquid chromatography at 
this point. 

None of the compounds exhibited any degradation during the 
VLE measurements. The cell pressures were stable with re- 
spect to time, and all liquids were perfectly clear when removed 
from the cells at the end of the last isotherm. 

Experimental Data 

Tables 11-IV present the experimental PTx data. The 
“smooth” pressure values reported are from the least-squares 
cubic splined fits used to provide the evenly spaced values 
required by the finitedifference Mixon-Gumowski-Carpenter 
method (4) for the reduction of PTx data. 

Figures 1-3 show the experimental data in terms of the 
pressure deviation P, from Raoult’s law 

P, = P - [P2’  + x , (P , ’  - f2 ’ ) ]  

Table I. Chemicals Used 

stated 
component vendor purity, % 

ethyl acetate Burdick and Jackson 99.9 
acetonitrile Burdick and Jackson 99.9t 
acetone Burdick and Jackson 99.9+ 
nitromethane Mallinckrodt 99.9 

ETHYL R C E T 9 T E  (11 + N I T R O M E T Y R N E  (21 
R 298.16 K 
E 3i l8 .22 K 
C 398.17  K 
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Flgure 1. Devlation from Raoult’s law for the ethyl acetate (1) + 
nitromethane (2) system. 

where P is the experimental mixture pressure and the P,‘ values 
are the pure-component vapor pressures. The deviation 
pressure plot emphasizes the scatter more than a P vs. x plot 
but does not show whether or not an azeotrope exists. 

The point symbols in Figures 1-3 denote the experimental 
data points exactly. The curves approximate-sometimes not 
very closely-the splined fits of those data points. Closely 
spaced points from the splined fits were fed to the plotting 
program which then plotted its fit of the input values. The 
plotting-program fits are often not very good, particularly for a 
system such as the one in Figure 2. Nevertheless, the curves 
do help illustrate the behavior and the scatter of the experi- 
mental data points. Tables 11-IV show how well the splined 
fits (smooth values) actually do fit the experimental data points. 

The ethyl acetate system (Figure 1) exhibited only positive 
deviations from Raoult’s law, while the acetone system (Figure 
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Table 11. Experimental P vs.x, Values for the Ethyl Acetate (1) t Nitromethane (2) System 
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Flguro 2. Deviatlon from Raoult's law for the acetonkrile (1) +- nitro- 
methane (2) system. 
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Figure 3. Deviatlon from Raoult's law for the acetone (1) -I- nitro- 
methane (2) system. 
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Table IV. Experimental P vs. x Values for the Acetone ( 1 )  + Nitromethane (2) System 
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Table V. Calculated Data for the Ethyl Acetate (1) + Nitromethane (2) System at 298.16, 348.22, and 398.17 K 
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3) was entirely a negative deviation system at the three tem- 
peratures studied. From the trends shown, the ethyl acetate 
system would probably show negative deviations at lower tem- 
peratures, while the acetone system would probably become 
a positive deviation system. As those two systems pass from 
one kind of deviation to the other kind, there would be a tem- 
perature range in which they would exhibit mixed deviations 
such as those shown in Figure 2 for acetonitrile. 

At 298.15 K, the acetonitrile + nitromethane system shows 

positive deviations at both ends of the composition range but 
the P, curve sags in the middle below the Raoult’s law iine. I t  
becomes even more “positive” at each end at 348.17 K but 
the sag in the middle has become more pronounced. At 398.17 
K the positive deviation at low x ,  values is stronger but now 
the system shows only negative deviations in the middle and 
high x ,  regions. 

None of the three systems exhibited an azeotrope at any 
temperature studied. 
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Table VI. Calculated Data for the Acetonitrile (1) t Nitromethane (2) System at 298.15, 348.17, and 398.17 K 
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Flgure 4. Activity coefficients for the ethyl acetate (1) + nitromethane 
(2) system. Curves are from Barker method: points are from Mixon 
et al. method. 
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Table VII. Calculated Data for the Acetone (1) + Nitromethane (2) System at 298.19,348.17, and 397.19 K 
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The PTx data were also reduced with the Barker method (6) 
using the seven GE correlations listed in Table IX.  As shown 
there for the acetone + nitromethane system, the fiie-constant 
Redlich-Kister equation usually reproduces the experimental P 
values best followed closely by the modified Margules (8). For 
this system, very little was lost by using only three instead of 
five constants in the Redlich-Kister equation. The maximum 
percent deviation and the root-mean-squared deviation are 
defined at the bottom of Table X, which gives a more complete 
comparison of the two data reduction methods insofar as the 
accuracy of the P fits is concerned. The Barker results in Table 
X are from the fiveconstant Redlich-Kister correlation and the 
Peng-Robinson equation of state (5) was used by both meth- 
ods. Both methods reproduced the experimental pressure 
values very well with the Mixon et al. method having the edge 
in the majority of the cases. 

The performances of the two data reduction methods are 
also compared in Table I X  in terms of the infinite-dilution activity 
coefficients obtained for the acetone + nitromethane system. 
Also shown are the values obtained with the Gautreaux-Coates 
equations (9) when the (dP ldx,),” values needed by those 
equations come from the cubic splined fiis or from PDIx ,x2  or 
x,x21P ,, plots. The estimation of y l m  values from the plots has 
been discussed in a previous paper (70) .  For this system, the 

Table VIII. Parameters for Peng-Robinson Equationa 
component T,, K P,,MPa W 

nitromethane 588.0 6.313 0.3460 
ethyl acetate 5 23.2 3.830 0.3630 
acetonitrile 548.0 4.833 0.3210 
acetone 508.1 4.519 0.3090 

a Binary interaction constant was set at 0.0 for all systems. 

Reduced Data 

The yl, y,, and GE values selected for publication are given 
in Tables V-VII.  Those values were obtained with the Mixon 
et al. data reduction method. The Peng-Robinson equation of 
state (5) was used to estimate the vapor-phase fugacity 
coefficients. The pure-compound parameters used for the 
Peng-Robinson equation are in Table VII I .  

The “experimental” pressure values tabulated in Tables V- 
VI1 are actually interpolated values from the cubic splined fits 
of the experimental P vs. x ,  values. (The fidelity with which the 
splined f i i  represent the actual experimental P values is shown 
in Tables 11-IV). The “calculated” pressure values are from 
the Mixon et al. data reduction method. That method can 
usually be made to reproduce the input P values to any desired 
precision. 
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Table IX. Effect of Calculation Method on yim Values for the Acetone (1) + Nitromethane (2) Systema 

calcd y p  values accuracy of P fits, 
max % dev/rmsd component 1 component 2 

298.19 K 348.17 K 397.19 K 298.19 K 348.17K 397.19K 298.19K 348.17K 397.19 K calculation method 

Mixon et al. 
Barker: 

absolute Van Laar 
Wilson 
NRTL 
modified Margules 
UNIQUAC 
Redlich-Kister, three constants 
Redlich-Kister, five constants 

splined fits 
Gautreoux-Cod tes : 

x ,X,/PD plots 

a Virial equation, Tsonopoulos correlation ( 7 ) .  

O.liO.0 

l.li0.5 
1.7/0.7 
0.3/0.2 
0.liO.l 
2.1i1.0 
0.2/0.1 
0.liO.l 

o.o/o.o 

0.7/0.3 
l.Oi0.5 
0.5/0.2 
O.liO.0 
1.2/0.6 
0.liO.l 
0.1 io.0 

I QCETONE (11  + NITSOMETHRNE [ Z !  
A A m . 1 9  K + E 3 4 8 . 1 7  K 
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W -1 
W l  
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XI 

Flgure 6. Activity coefficients for the acetone (1) + nitromethane (2) 
system. Curves are from Barker method; points are from Mixon et 
al. method. The X10-’ multiplier means that the decimal point must 
be moved one place to the left in ordinate scale values. 

extrapolations required in the plots were too uncertain to use 
in three of the six cases. 

Usually the yim values obtained with the Gautreaux-Coates 
equations agree well with the Mixon et al. values when the 
splined fits are used to provide (dPldx,),” values. However, 
as shown in Table I X  for y2-, that is not always the case. The 
finite-difference Mixon et al. method “reaches” the x 1  = 0.0 
and 1.0 points with an extrapolation based on a quadratic f i  of 
the GE = 0 value at x ,  = 0.0 or 1.0 plus the two adjacent GE 
values. The slope of that quadratic equation can differ from 
the slope of the cubic splined f i s  at the end points resulting in 
different y i m  values. 

I t  can be seen from Figures 4-6 why the various methods 
have trouble agreeing on the y i m  values for some of these 
systems. The points in those plots are evenly spaced values 

O.liO.0 0.991 1.016 1.061 0.954 0.966 1.021 

0.6/0.3 0.926 0.959 0.993 0.851 0.906 0.973 
0.2/0.1 0.905 0.942 1.047 0.872 0.927 0.976 
0.5/0.2 0.991 0.969 1.010 0.880 0.904 0.978 
O.liO.0 0.975 1.000 1.074 1.130 0.988 1.020 
l.Oi0.5 0.886 0.931 0.971 0.892 0.940 0.973 
0.2/0.1 0.983 1.006 1.044 0.871 0.920 0.985 
O.liO.0 0.993 1.018 1.068 0.886 0.933 0.999 

0.991 1.017 1.062 1.195 1.037 1.047 
0.979 1.075 1.04 2 

Table X. Comparison of the Barker and Mixon et  al. 
Pressure Fits 

max % dev in rms for % devb 

temp, K Barker Mixon Barker Mixon 

Ethyl Acetate (1) + Nitromethane (2), Peng-Robinson 
298.16 0.126 0.072 0.057 0.038 
348.22 0.096 0.065 0.044 0.034 
398.17 0.055 0.019 0.020 0.011 

Acetonitrile (1) + Nitromethane (2), Peng-Robinson 
298.15 0.047 0.069 0.027 0.028 
348.17 0.082 0.082 0.036 0.038 
398.17 0.075 0.051 0.036 0.027 

Acetone (1) + Nitromethane (2), Peng-Robinson 
298.19 0.108 0.095 0.068 0.048 
348.17 0.057 0.045 0.029 0.022 
397.19 0.052 0.062 0.027 0.029 

a 5% dev = 100[ lPc,lcd - Pexptl l/Pexptl]. rms for % dev = 
[Zn(% d e ~ ) ~ / n ] ” ~ .  

Table XI. Effect of Equation of State Choice on yjm Values 
Obtained with the Mixon et  al. Method for Acetone (1) + 
Nitromethane (2) a t  397.19 K 

eq of state used 1 2 

ideal gas 1.001 0.834 
vinal through Bij:  

Tsonopoulos ( 7 )  1.061 1.021 
Hayden-O’Connell ( I  I )  1.125 1.241 

Redlich-Kwong: Lu modification ( 1 2 )  1.062 1.020 
Peng-Robinson (5) 1.064 1.025 

from the Mixon et al. method while the curves approximate- 
sometimes closely and sometimes not so closely-the Barker 
results. Closely spaced values from the Barker calculations are 
fed to the plotting software which then fits and plots its own 
representation of those values. I n  Figure 5, for example, the 
Barker curves at 348.17 and 398.17 K dip slightly below 0.99 
but none of the actual values calculated by the Barker method 
fall below 0.99. 

The ethyl acetate + nitromethane system (Figure 4) is unu- 
sual in the small effect of temperature on the activity coeffi- 
cients. The Mixon et al. and Barker results agree very well for 
that system. The agreement is not so good for the other two 
systems, but both methods do give the same reversal in the 
effect of temperature on ylm and -y2m for the acetonitrile + 
nitromethane system in Figure 5-the order of the ylm values 
from lowest to highest is 348.17, 298.15, 398.17 K at xl = 0.0 
and 398.17, 298.15, 348.17 Kat  x ,  = 1.0. I n  Figure 6, the 
two methods agree fairly well except at high x 1  values. The 
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Barker method is often less sensitive to the Sham of the P vs. Llterature Cited 
x ,  curve near the end points than is the Mixon’et 81. method. 
The latter reflects the shapes of the splined fits in that specific 
region while the former reflects the values of the GE correlation 
constants obtained from a fit of all the data points across the 
entire composition range. 

The activity coefficient values (as well as the y, and GE 
values) obtained are a function also of the equation of state 
used to estimate the vapor-phase fugacity coefficients. Table 
X I  shows the effect of assuming ideal gases for the acetone 
+ nitromethane system at 397.19 K where the pressure ranged 
from 195 to 665 kPa. The other three equations of state tested 
showed surprising agreement when the Tsonopoulos (7) cor- 
relation is used to estimate the B values for the virial equation. 

(1) Khurma, J. R.; Muthu, 0.; Munjai, S.; Smith, E. D. J .  Chem. Eng. 
Data, first of four preceding articles in this issue. 

(2) Khurma, J. R.; Muthu, 0.; Munjal, S.; Smith, B. D. J .  Chem. Eng. 
Data, third of four preceding artcies In this issue. 

(3) Maher, P. J.; Smith, E. D. J. Chem. Eng. Data 1979, 24, 16. 
(4) Mixon, F. 0.; Gumowski, E.; Carpenter, B. H. Ind. €ng. Chem. Fun- 

dam. 1965, 4, 455. 
(5) Peng, D.-Y.; Robinson, D. E. Ind. Eng. Chem. Fundam. 1976, 4 ,  

455. 
(6) Barker, J. A. Aust. J .  Chem. 1953, 6, 207. 
(7) Tsonopouios, C. AIChE J. 1974, 20, 263. 
(8) Abbott, M. M.; Van Ness, H. C. AIChE J. 1975, 27, 62. 
(9) Gautreaux, M. F.; Coates, J. AIChE J. 1955. 7 ,  496. 

(10) Maher, P. J.; Smith. B. D. Ind. Eng. Chem. Fundam. 1979, 78, 354. 
(11) Hayden, J. G.; O’Conneli, J. P. Ind. Eng. Chem. Process D e s .  D e v .  

(12) Haman, S. E. M.; Chung, W. K.; Eishayah, I. M.; Lu, E. C. Y. Ind. €no. 
Chem. Process Des. D e v .  1977, 16, 51. 

Received for review July 29. 1982. AcceDted SeDtember 24. 1982. We 

1975, 74,209. 

gratefully acknowledge he financial suppoA receivd from the National Sci- 
ence Foundation Orant CPE-80000534 and from the Industrlai Participants in 
the Thermodynamic Research Laboratory. 

Reglrtry No. Ethyl acetate. 141-78-6; acetonkrilel 75-05-8; acetonel 
67-64-1; nitromethane, 75-52-5. 

Total-Pressure Vapor-Liquid Equilibrium Data for Binary Systems of 
Nitromethane with Methanol and Ethanol 

Jagjit R. Khurma, 01 Muthu, Sarat MunJal, and Buford D. Smlth’ 

Thermodynamics Research Laboratory, Washington Universiw, St. Louis, Missouri 63 130 

Table I. Chemicals Used 

Total-pressure vapor-liquid equlllbrlum (VLE) data are component vendor stated punty, % 
reported at approximately 298, 348, and 388 K for 
methanol + nitromethane and at approximately 298, 348, 

PTx data were reduced to yi, Y,, and GE values by both 

ethanol U.S. Industrial Chemicals 200 proof 
methanol Fisher Scientific 99.9 

and 398 K for ethanol + nitromethane. The experimental nitromethane Mallinckrodt 99.9 
. .  

the Mlxon-Gumowskl-Carpenter and the Barker methods, 
but only the Mixon et al. results are reported In thelr 

data reductlon; the five-constant Redllch-Klster equation 
gave the best results. The effect of the equation of state 
choice was lnvestlgated. 

were caught in amber bottles and back-flushed with dry nitrogen 

the chemicals were verified with gas-liquid chromatography at 
this point. 

None of the compounds exhibited any degradation during the 
VLE measurements. The cell Dressures were stable with re- 

entirety. Seven GE correlations were tested In the Barker for transfer to the cell-loading operation* The stated purities Of 

Introduction 

This paper presents total-pressure vapor-liquid equilibrium 
(VLE) data for nitromethane with methanol and ethanol. Pre- 
vious papers have reported data for nitromethane with 1- 
chlorobutane ( I ) ,  with chlorobenzene ( Z ) ,  and with ethyl ace- 
tate, acetonitrile, and acetone (3). The apparatus and tech- 
niques used to measure all of these data have been described 
previously along with the defining equation for the activity 
coefficient and the standard states used (4). 

Chemicals Used 

The sources and the puritiis of the chemicals used are listed 
in Table I. Activated molecular sieves (either 3A or 4A) were 
put into the chemical containers as they were received. Just 
prior to being loaded into the VLE cells, each chemical was 
poured into a distillation flask and distilled through a Vigreux 
column (25” 0.d. and 470 mm long). The first and last 
portions of each distillate were discarded. The retained portions 

spect to time, and all liquids were perfectly clear when removed 
from the cells at the end of the last isotherm. 

Experimental Data 

Tables I I and I I I present the experimental P Tx data. The 
“smooth” pressure values reported are from the least-squares 
cubic splined fits used to provide the evenly spaced values 
required by the finitedifference Mixon-Gumowski-Carpenter 
method (5) for the reduction of PTx data. 

Figures 1 and 2 show the experimental data in terms of the 
pressure deviation PD from Raoult’s law 

P, = P - [P2’ + x l ( P 1 ‘ -  P*’)]  

where P is the experimental mixture pressure and the f,’ values 
are the pure-component vapor pressures. The deviation 
pressure plot emphasizes the scatter more than the P vs. x 1  
plot but does not show whether or not any azeotrope exists. 

The point symbols in Figures 1 and 2 denote the experimental 
data points exactly. The curves approximate-in these cases 
quite closely-the splined fits of those data points. For an 
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