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Total-Pressure Vapor-Liquid Equilibrium Data for Binary Systems of 
1-Chlorobutane with Ethyl Acetate, Acetonitrile, Nitromethane, and 
Acetone 
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Total-pressure vapor-llquld equlllbrlum (VLE) data are 
reported at approxlmately 298, 348, and 398 K for each 
of four I-chlorobutane blnarles wlth ethyl acetate, 
acetonltrlle, nltromethane, and acetone as the other 
component. The experlmental PTx data were reduced to 
yi, y i ,  and GE values by both the 
Mlxon-Gumowskl-Carpenter and the Barker methods; the 
Mixon et at. results were deemed better and are reported. 
Six GE correlations were tested In the Barker data 
reduction; the flve-constant Redllch-Klster equation gave 
the best results. Various equations of state were used to 
estlmate the vapor-phase fugaclty coefficients; the 
Peng-Roblnson results were used for the values reported. 

Introduction 

The data for the four systems covered in this paper were 
measured as part of a long-range effort to expand the vapor- 
liquid equilibrium (VLE) data base for a general correlation of 
mixture properties. Data were measured at three temperatures 
for each system. Maher and Smith ( 7 ,  2) have reported similar 
data previously for binary systems containing chlorobenzene 
and aniline, and Muthu et al. (3) have reported similar data for 
some systems containing nitriles. This paper presents data on 
four systems containing 1-chlorobutane plus a non-hydfocarbon 
compound. 

The apparatus and techniques for the experimental mea- 
surements have been described in detail in a previous paper 
by Maher and Smith (4 ) ,  along with the defining equation for the 
activity coefficient and the standard states used. 

Chemicals Used 

Table I lists the chemicals used and their stated purity. All 
chemicals were available in at least 99.9% purity. Activated 
molecular sieves (either 3A or 4A) were put into the containers 
with the chemicals as they were received. Rior to being loaded 
into the VLE cells, the chemicals were poured into 500-mL 
flasks and then distilled through a Vigreux column (25” 0.d. 
and 470 mm long). The first and last portions of the distillate 
were discarded. The retained samples were back-flushed with 
nitrogen and put into amber glass bottles for transfer to the 
loading operation. The initial purity of the chemicals was ver- 
ified chromatographically. None of the compounds exhibited 
any degradation during the VLE measurements; the cell pres- 
sures were stable with respect to time, and all liquids were still 
perfectly clear when removed from the cells at the end of the 
last isotherm. 

Experimental Data 

The experimental PTx data measured for the four systems 
are given in Tables 11-V. The “smooth” pressure values 
reported there are from the least-squares cubic splined fits used 

Table I. Chemicals Used 

stated purity, 4 vendor component 

1-chlorobutane Burdick and Jackson 99.9+ 
ethyl acetate Burdick and Jackson 99.9 
acetonitrile Burdick and Jackson 99.9+ 
nitromethane Mallinckrodt 99.9 
acetone Burdick and Jackson 99.9; 

to interpolate the experimental P vs. x values to provide the 
evenly spaced values required by the finite-difference Mixon- 
Gumowski-Carpenter method (5). 

The experimental data are plotted in Figures 1-4 in terms of 
the deviation pressure P D  which is the deviation from Raoult’s 
law: 

where P is the experimental mixture pressure and the Pi’ values 
are the pure-component vapor pressures. The deviation 
pressure plot emphasizes the scatter in the data more than a 
P vs. x plot but has the disadvantage of not making obvious 
the existence of an azeotrope if one exists. All four systems 
showed positive deviations from Raoult’s law (PD values were 
positive) at all temperatures over the entire composition range. 

An inspection of the pressure values in Tables 11-V shows 
that ethyl acetate, acetonitrile, and nitromethane all formed 
azeotropes with 1-chlorobutane at all three temperatures 
studied. The acetone + 1-chlorobutane system did not form 
an azeotrope at any of the three temperatures. 

Reduced Data 

The yi,  y i ,  and GE values selected for publication are in 
Tables VI-IX. Those values were obtained with the Mixon et 
al. data reduction method, using the Peng-Robinson equation 
of state (6) to estimate the vapor-phase fugacity coefficients. 
The “experimental” pressure values tabulated in Tables VI-IX 
are actually interpolated values from the cubic splined fits of 
the experimental P vs. x ,  values. (The fidelity with which the 
splined fits represent the actual experimental P values is shown 
in Tables 11-V.) The “calculated” pressure values are from the 
Mixon et al. data reduction and show how well that method 
reproduces the original pressure data. 

The calculated activity coefficient curves are shown in Fig- 
ures 5-8 for both the Mixon et al. and the Barker (7) data 
reduction methods. The Barker calculation used the five-con- 
stant Redlich-Kister equation for GE. The Peng-Robinson 
equation of state was used for both sets of results shown. The 
points are the evenly spaced Mixon et al. values while the 
curves represent the Barker-method results. The results from 
the two methods agree exceptionally well for the four systems 
covered in this paper. 

Comparison of Data Reductlon Procedures 

The calculated P ,  yi ,  y i ,  and GE values obtained from the 
experimental PTx data are affected by three choices made in 
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Figure 1. Deviation from Raoult’s law for the ethyl acetate (1) + 
1-chlorobutane (2) system. 

X I  

Figure 3. Deviation from Raoult’s law for the 1-chlorobutane (1) + 
nitromethane (2) system. The 10‘ multiplier on the ordinate scale 
means that the ordinate values run from 0.0 to 120.0. 
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Figure 2. Deviation from Raouk’s law for the 1-chlorobutane (1) + 
acetonitrib (2) system. The 10’ multipkr on the ordinate scab means 
that the ordinate values run from 0.0 to 120.0. 

Figure 4. Deviation from Raoult’s law for the acetone (1) + 1- 
chlorobutane (2) system. 
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Table VI. Calculated Data for the Ethyl Acetate (1) t 1-Chlorobutane (2) System at 298.15, 348.16, and 398.18 K 
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Flgure 5. Activity coefficients for the ethyl acetate (1) + l-chloro- 
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Table VII. Calculated Data for the 1Chlorobutane (1)  + Acetonitrile (2) System at 298.69, 348.18, and 398.89 K 
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1 1548 1 9428 

1.5847 1.2882 
1.3714 1 4487 

1 s9272 1.1322 
1.0622 2 3391 
1.0148 3.0314 

1.2273 1.6590 

1.0000 3,9829 
56.417 

A C T I V !  T Y  COEFF I CI,ENTS 

3.6180 1.6000 
2.6441 1.0165 
2.0989 1 a0579 
1.7473 1 1247 
1 4689 1.2354 

1 3788 1 2803 
1.1958 1.5040 

1 e 7378 1.1060 
1.0491 2 0363 

2.4911 1.0130 
1.0000 3.1799 

6 

A C  

,001 

I V i T Y  COEFFI CiENTS 

EXCESS 
C I B R S  
J/HOLE 

FUNCTION, 

0.00 
334.18 
577.13 
745.05 
834.75 
808.07 852.42 
704.55 
541.92 
309.15 
0.00 

EXCESS 
GIRBS 
J/YOLE 

FUNCTION t 

0.00 
324.12 
559.52 
722.80 
81 2.40 
822.62 
783. 16 
684.20 
522.73 297.80 

0.00 

EXCESS 
C I R B S  
J/HOLE 

FUNCTION t 

0.00 
301 92 
520.96 
669.68 
746.57 
749.90 
709.19 
616.82 
472.00 
267.58 
0.00 

' RCETONE (11  + 1 - C H L O R O E U T R N E  (2: 
R 2 9 8 . 1 6  K 
B 3118.16 K I c 3 9 8 . 1 7  K 

0 N I  

3 00 0 . 2 0  0.40 0.60 0 .80  1 .00  0.00 0 . 2 0  0.110 0.60 0.80 1 . 0 0  

X I  

Flgure 7. Activity coefficients for the 1-chlorobutane (1) 4- nitro- 
methane (2) system. The curves represent the Barker results and the 
points are from the Mixon et al. method. 

X l  

Flgure 8. Activity coefficients for the acetone (1) + 1-chlorobutane 
(2) system. The curves represent the Barker results and the points 
are from the Mixon et al. method. 
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Table VIII. Calculated Data for the 1-Chlorobutane (1) + Nitromethane (2) System at 298.18, 348.16, and 398.16 K 

L l U U l U  HULAK VULUHtS, CC/MUL: VL(1J  105.128 V L ( 2 )  53.990 

X I  , 0000 
.I000 

, 3000  . 4000 
.3000 
6000 

.1000 . klo00 

. Y O 0 0  
I .  0000 

. 4000 
TOTAL PK€SSUil tc KPA 
t XPIL. CALC. 

4.784 4,784 
Y.938 9.937 

11.816 11.616 
12.678 12.678 
13.201 13.207 
13.581 13.5Ml 
l j . Y I 8  I 3 . M I H  
14.134 14.134 
14.285 1 4 . 2 8 5  
14.232 14.232 
13.665 i 3 ;  6 6 5  

L l U l l l U  MULAK VU1 

MIXTUKE FUGACITY 
CUt I -F IC IENIS  

1 2 
eY975 .9Y80 
.9947 .YY59 
eY937 e 9 9 5 1  
.Y933 .Y948 
.YY30 .YY45 
.Y928 .9Y44 
,9926 - 9 9 4 3  
,992s - 9 Y 4 2  
eY924 .9Y41 
eY924 0 9 9 4 2  . Y Y Z  1 .9944 

l M t 5 ,  cc / ! I uL :  V L I 1 )  

X 1  
,0000 

1000 
,2000 
,3000 
,4000 
.b000 
6000 

,1000 . 8000 , Y O 0 0  
1 .0000 

TOTAL PKt  
t XPTL 

42.168 
b 7 . 0 1 5  
I t l .  100 
t i ! i ;o32  
BY.236 
Y2.198 
Y 4 . 3 4 7  

bSUKt,  KPA 
CALC. 
4 2 . 1 6 5  
b7.073 
I C ) .  IC0 
85.032 
59.23  I 
Y2.193 
94. 341 
Y5. BY0 
Y b .  4 5 2  
Y5a 4 6 9  
Y 1. 283 

M I lX lUKE 
c UE I-I- 

1 , 9852 
eY763 
e9721 
3 6 9 9  . 9683 

eY673 
Y665 

nY660 
Y657 

my661 
I 96 75 

L l U U l O  MULAH VULtJMES, CC/MUL: VL(1J  3 

X 1  . 0000 
.I000 
.2000 
, 3 0 0 0  
.4000 
,3000 
6000 

,1000 . BO00 . YOU0 
I .  0000 

ILJIAL P'HtbSUKt,  KPA 
t X P l L .  CILC. 
2 0 0 . 1 9 1  200. 791 
L14.501, L14.49Y 
513.401 3 1 3 0 4 0 1  
337.183 337.795 
354.072 354.073 
365.133 3651 1 3 3  
313.012 313.072 
311.491 3 7 1 A Y 1  
311.461 3 1 1 . 4 6 6  
3 l l . 3 U U  311.301 
J54.3Y4 354.3Y4 

112.241 

I-UGAC I T Y  
C l E N l  S 

2 
, 9883  
,9815 , Y 783 

9166  
09155 
,9147  
wY l42  
e4138  
,9137  
,9140  
09153  

121.266 

H lX lUKE FUGACl lY 
CUEI-FlClENIS 

1 2 
0 9 5 1 2  eYb15 
.'I328 .Y475 
,9231 ,9403  
a9171  eY358 
e Y I 3 0  e9320  
,9102 ,9308  
.Y382 .Y295 
.YO71 eY288 
. ' )010 1 9 2 9 0  
.YOY5 -9304 

the data reduction: (1) the data reduction method used-direct 
(Mixon et ai.) or indirect (Barker), (2) the choice of the GE 
equation used in the indirect method, and (3) the equation of 
state used to estimate the vapor-phase fugacity coefficients. 
As new data are measured in the Thermodynamics Research 
Laboratory, the effects of those three choices on the results 
obtained are being systematically investigated. Some of the 
results from that work are summarized below. 

The four systems covered in this paper are all well- 
behaved-there are no mixed deviation systems and the level 
of nonldeality changes monotonically with temperature In ail 
cases. As a result, the disagreements between the various 
data reduction procedures are not as sharp as for less well- 
behaved systems. The disagreements were greatest for the 
highest-temperature data for the I-chiorobutane (1) -+ aceto- 
nitrile (2) system at 398.89 K, and that set will be used for the 
comparisons. Also, the infinitedilution values wlli be used for 
the comparisons because they are the most sensitive to the 
procedures used. 

Table X compares three methods of obtaining 7," vaiues. 
The third method shown-the Gautreaux-Coates equations 
(8)-requires (dPldx,)," values, and the use of PD/x1x2 or 
x ,x2 lPD vs. x1  plots to obtain those values has been discussed 
by Maher and Smith (9). The (dPldx,)," values can also be 
obtained from the cubic spiined fits used to interpolate the 
experimental P vs. x data to provide the evenly spaced P vs. 

A C T  l V l  T Y  COEFFICIENTS 
Y l  1 2 .oooo 6 5532  1 .oooo 

.5549 4 . 0 4 4 1  1.0251 
,6449 2.7911 1 e0932 

2.1108 
1 7090  1 : !:tf ,6022 

e7071  
0 7 2 8 1  1.4474 1 5382  

7502  1.2696 1 .a048 
.-I793 1.1512 2.1647 

8 1  68  1 e0670 2.7237 
8 786 1.0164 3.5971 

1.0000 4 e8616 1. oogo 

V L ( 2 )  57.390 

A C l I V I T Y  COEFFICIENTS 
Y 1  1 2 .oooo 4.5645 1.0000 

a4187 3.1072 1.0197 
e5350 2.3181 1.0731 

5 9  32 1.8466 1 e1571 
- 6 3 5 0  1.5531 1 2696 
0 6702  1 3534  1.4208 

1 6 2 3 2  7053  1.2134 
1 8865 1.1191 - 7 4 7 1  

7 9 8 1  1.0519 2 2722 
,8736 1 0 0 1 3 4  2.8167 

1 . 0000 1 .oooo 3.6146 

Y 1  .oooo 
m31Y8 
- 4 4 2 3  
,5165 
,5710 
,6176 
6666  

,7199 
7861  

08729 
1.0000 

A C T  I V f  T Y  COEFF IC iENTS 

3.5153 
2.5395 
1.9814 
1.6499 
1.4269 
1 2 6 8 9  
1.1631 
1 e 0 8 7 9  
1.0394 
1.0110 
1.0000 

1 .6000 
1.0168 
1.0618 
1,1281 
1.2197 
1 0 3423  
104925  
1.6902 
1.9359 
2 2664 
2.8149 

EXCESS 
t I B B S  

FUNCTION 
J/HOLE 

0.00 
685.74 401.66 

870.94 
970.06 
992.11 
940.64 
818.78 
625.50 
353. 72 

0.00- 

EXCESS 
CIBBS 
J/HOLE 

FUNCTION, 

0.00 
379.05 
650.14 
828.32 
924.40 
946.35 
896 8 5  
779.19 
592.32 
334.54 

0 . 0 0  

EXCESS 
GIB8S 
J/HOLE 

FUNCT ION , 
0.00 

358.17 
6 1  6 5  
77k: 63 
865.25 
830.36 881.41 

716.46 
539.67 
303.53 

0.00  

x 1  values required by the Mixon et at. method. 
When the Mixon et al. and Barker methods give widely dif- 

ferent vaiues for ylm and y2-, the Gautreaux-Coates values 
will sometimes help decide which set is better. Unfortunately, 
there is always some uncertainty (sometimes small and some- 
times very large) in the extrapolation of the experimental P D l  
x , x p  or x ,x,lP plots to x , = 0.0 and 1 .O. Also, one would 
expect the Gautreaux-Coates values obtained when the 
splined-fit (dPldx,)," values are used to agree better with the 
Mixon et al. values than with the Barker results. 

In  the choice of the better data reduction method, the most 
weight must be given to how well the various procedures re- 
produce the experimental P vs. x isotherm. The numbers in 
parentheses in Table X show the worst percentage deviation 
followed by the root-mean-squared percentage deviation. 
(Those deviations are defined at the bottom of Table XI I . )  Of 
the various GE correlations used in the indirect Barker method, 
the flve-constant Redlich-Kister equation almost invariably gives 
the smallest pressure deviations wtth the five-constant modified 
Margules equation of Abbott and Van Ness (70) usually a close 
second. No restrictions were placed on the a in the NRTL 
equation; hence, it was used as a three-constant equation. All 
the others had two adjustable constants. 

The Barker results for ylm in Table X vary from 2.398 to 
2.097, which is an 18.8% variation in the ievei of nonideality 
predicted. The base for this percentage is the Mixon et ai. 
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Table IX Calculated Data for the Acetone ( I )  + Chlorobutane (2) System at 298.16, 348.16, and 398.17 K 

L IUUlO PULAR VOLUMESn CC/HOL: V L ( 1 )  * 74.035 V L ( 2 )  = 105.125 

XI 
.0000 
,1000 
,2000 
,3000 
,4000 
.5000 

bo00  
,7000 
.BOO0 
.9000 

1 .0000 

I I l l A L  P R E  
EXPIL 

13.664 
17.034 
19.740 
21.983 
23.962 
25.466 
26.312 
28.110 
29.195 
30.137 
30.848 

SSUR€ KPA c ILC. 
13.664 
17.034 
19. 741 
21.904 
23.863 
25.4 66 
26.872 
28.110 
29.195 
30.137 
30.848 

MIXTURE FUGACITY 
COCFFICIEN!S 

.9451 .9;27 
,9938 ,9910 

,9919 e9R84 
.9911 . 9 R 7 4  
e9905 ,9866  
.YYOO ,9859 
- 9 6 9 5  a9853  
,9691 ,9846 
.98H7 ,9844 
,9885 , 9 8 4 1  

.992 r  .9896 

Y 1  .oooo 
,2729 
,4330 
,5431 
.I5261 
,6942 

7546  
. A l l 4  
.R679 

9288 
1.0000 

ACTlVJTY COEFFIC!ENTS 
1 L 

1 .oooo 1.6729 
1.5158 1 SO052 
1 3920  1 e0203 
1.2948 1 e 0453 
1.2143 1.0621 
1.1486 1 1324 
1 e0974 1 1975 
1.0574 1.2832 
1.0274 1.3995 
1 -0065 1.5553 
1 .oooo 1 8596 

L I O U I D  M O L A R  VOLUMES, CC/MUL: V L ( 1 )  79.879 V L ( 2 )  = 112.241 

XI 
, 0000 
. l o o 0  
.2000 
.3000 
,4000 
,5000 
6 0 0 0  

. l o 0 0  

. 0000  . 9000 
1.0000 

I O l A L  PRE 
EXPIL.  

Y1.1M0 
1 OR e444 
122.669 
134.876 
l 4 5 . 4 3 . j  
1 5 4 . 6 4 5  
162.7 79  
169.976 
176.34 7 
l t l l . 9 7 1  
lU6.330 

L IQUID 

x 1  .oooo 
. loo0 
.2 000 

3 000 
4 000 
5 000 
6 000 

e 7000 
. B O O 0  
.9 000 

1.0000 

S S U H t  KPA 
CILC. 
91. i a o  

108.446 
122.672 
134.879 
1 9 5 . 4 3 8  
159a647  
162.779 
169.9 78 
116.346 

1 8 6 .  3 3 0  
181.9 lO 

HlXlURE FUGACITY 
C!lEFF I C  IEN! S 

I L 
e9787 ,9676 
,9741 ,9615 
,9704 a9566 
,9673 ,9525 
,9646 e 9 4 9 0  
e9623 ,9459  
,3602 ,9433 
,9584 e9410  
e9568 a9390  
,9554 .9373 
,9544 ,9361  

Y 1  .oooo 
.2345 
.3874 
,5006 
-5704  
e6661 
,7337 

7972 
8603  

,9267 
1,0000 

ACIIV!TY COEFFIC!ENTS 

T O T A L  PRE 
EXPTL. 
354.430 
408.083 
454.032 
494.792 
531.138 

Z823:968i 
619,171 
642.673 
663.585 
680.294 

SSURE KPA 
C l L C .  

354.430 
408 e 093  
454.044 
494.798 
5 3 1  e138 S $ M S  
619.166 
64 2 670  
463.586 
680.294 

HIXTUR FUGACITY COEFFICIENTS 
1 2 

,9442 e9126 
e9344 ,8996 

e9189 e8793 
e9125 - 8 7 1 1  

,9261 .ama 

:%!I!$ :141t 
e8972 - 8 5  9 

e8896 e6430  
,8868 e 8 4 0 0  

e8932 .84#0 

Table X. Effect of Calculation Method on yjx Values for 
l-Chlorobutane (1) + Acetonitrile (2) at 398.89 K’ 

Yjm 

calculation method 1 2 

Mixon-Gumowski-Carpenter 2.593 2.411 

Barker: 
(0.1 6/0.08Ib 

“absolute” Van Laar (0.70/0.42) 2.398 2.230 
Wilson ( l . O O / O . S O )  2.549 2.183 
NRTL (0.64/0.38) 2.401 2.329 
modified Margules (0.26/0.15) 2.691 2.584 
UNIQUAC t0.73/0.42) 2.412 2.227 
Redlich-Kister, five constants (0.24/0.09) 2.520 2.453 

splined fits 2.593 2.411 
PDl”,X, plot 2.619 2.438 

’ Vuial equation through Bi,, Tsonopoulos correlation. 

Ga ut rea ux-Coa t es: 

First 
number in parentheses is the maximum percent deviation in P. 
The second number is the root mean square of the percent devid- 
tion in P. See bottom of Table XII. 

value of 2.593 - 1.0. (One should always subtract the ideal 
solution value of 1.0 when citing percentage errors in activity 
coefficient values.) 

The effect of the equation of state used is illustrated in Table 
XI .  The effect of the equation of state choice is not dramatic 
for these systems but nevertheless the results vary appreciably. 
On the basis of the comparisons shown, the Peng-Robinson 

1 I i i O O O  
1 0046  
1.0174 
1.0371 
1 a0657 
1 1046  
1 1554 
1 2216 
1 3071  
1.4125 
1.6368 

Y 1  .oooo 
- 2 0 2 6  

: :22707 
: 8M 
,5567 

7838 
,8530 
e9241  

1.0000 

A C T  I V f  T Y  COEFF I C!ENTS 

1.6000 
f 0037 

1.1224 1 e0500 
f - 0 7 8 9  

f : I f 3  1 :8Hl 
1:fb634 

1: 85Bif 
1.0000 1:595:: 
\:8M 1.0052 1.2241 

EXCESS 
G I B E S  

FUNC I O N ,  
J/HXLE 

0.00 
114.67 
203.93 
268.98 
309.67 
325.94 
316.93 
282.30 
220.22 
128.47 
0.00 

EXCESS 
G I885 
J/HOLE 

FUNCTION 

0.00 
101). 62  

288.11 
293.79 302 62 

202.33 
117.64 

0.00 

EA: E! 
260. a i  

EXCESS 
G 186T 

FY7iXL2N* 

$45: f8 
b: 00 

0.00 
95.24 

166.87 
18.10 

249.94 

224.25 174.57 

10 6 0  

Table XI. Effect of Equation of State Choice on yjm Values 
Obtained with Mixon et  al. Method for 1-Chlorobutane (1)  + 
Acetonitrile (2) at 398.89 K 

eq of state used 1 2 

ideal gas 2.982 2.620 
virial through Bij 

Pit zer-Cur 1 2.825 2.442 
O’Connell-Prausnitz 2.791 2.114 
Tsonopoulos 2.593 2.417 
Nothnagel 2.893 2.582 

Redlich-Kwong (unmodified) 2.870 2.482 
Peng-Robinson 2.847 2.460 

equation is a reasonable choice for the final results presented 
in Tables VI- IX and Figures 5-8. 

Table XI1 compares the Mixon et ai. and the Barker methods 
in terms of how well they reproduce the experimental P vs. x , 
data for all four systerns. The Barker results are from the 
five-constant Redlich-Kister equation for GE, and the Peng- 
Robinson equation of state was used for both methods. As can 
be seen from Table X I I ,  both methods work well for the four 
systems covered in this paper with the Mixon et al. method 
showing a clear advantage only for the 1-chlorobutane + 
acetonitrile system. 

On the basis of the kinds of results illustrated in Tables X- 
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Table XI. Comparison of the Barker and Mixon 
et al. Pressure Fits 

X I I ,  the results obtained with the Mixon et al. procedure plus 
the Peng-Robinson equation of state were chosen for presen- 
tatlon in Tables VI- IX and Figures 5-8. Table XI11 lists the 
compound constants used for the Peng-Robinson equation. 

m a  % dev in Pa rms for % devb 

temp, K Barker Mixon Barker Mixon 

Ethyl Acetate (1) + 1-Chlorobutane (2) 
298.15 0.055 0.055 0.033 0.033 Reglrtry No. l-chlorobutane, 109-69-3; ethyl acetate, 141-78-6; 
348.16 0.018 0.018 0.010 0.011 acetonitrile, 75-05-8; acetone, 67-64-1; nitromethane, 75-52-5. 
398.18 0.022 0.019 0.008 0.009 

1-Chlorobutane (1) + Acetonitrile (2) 
298.69 0.332 0.139 0.158 0.085 
348.18 0.386 0.169 0.133 0.074 
398.89 0.276 0.156 0.109 0.083 

1-Chlorobutane (1) + Nitromethane (2) 
298.18 0.160 0.059 0.071 0.025 
348.16 0.036 0.047 0.019 0.023 
398.16 0.037 0.049 0.020 0.020 

Acetone (1) + 1-Chlorobutane (2) 
298.16 0.049 0.053 0.029 0.030 
348.16 0.068 0.060 0.033 0.029 
398.17 0.048 0.038 0.018 0.020 

a % dev = 100[ IP,,l,,j -Pexpt~i/Pexpt~], rms for % dev = 
[ z"(% dev)'/n] l'z. 

Table XIII. Compound Constants Used for the Peng-Robinson 
Equation of State' 

compd T,, K P,, MPa W 

Llterature Clted 
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(3) Muthu, 0.; Maher, P. J.; Smith, B. D. J .  Chem. Eng. Data 1080, 25, 

163. 
(4) Maher, P. J.; Smith, B. D. J. Chem. Eng. Date 1070, 24, 16. 
(5) Mixon, F. 0.; Gumowski. B.; Carpenter, B. H. I d .  Eng. Chem. Fun- 

dam. 1085, 4, 455. 
(6) Peng, D.-Y.; Robinson, D. B. Ind. Eng. Chem. Fundam. 1078, 4, 

455. 
(7) Barker, J. A. Aust. J .  Chem. 1053, 6, 207. 
(8) Gautreaux, M. F.; Coates, J. AIChE J. 1055, 7 ,  496. 
(9) Maher, P. J.; Smith, B. D. Ind .  Eng. Chem. Fundam. 1070, 18, 354. 

(IO) Abbott, M. M.; Van Ness, H. C. AIChEJ. 1975, 27, 62. 
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Total-Pressure Vapor-Liquid Equilibrium Data for Binary Systems of 
1-Chlorobutane with Pentane, Benzene, and Toluene 

Jagjit R. Khurma, 01 Muthu, Sarat Munjai, and Buford D. Smith' 

Thermodynamics Research Laborarory, Washington University, Sr. Louis, Missouri 63 130 

Total-pressure vapor-llquld equlllbrlum (VLE) data are 
reported at approxlmately 298, 348, and 398 K for each 
of three chlorobutane blnarles wlth pentane, benzene, and 
toluene as the other component. The experlmental PTx 
data were reduced to y,, Y,, and GE values by both the 
Mlxon-Gumowskl-Carpenter and the Barker methods, but 
only the Mlxon et al. results are reported In their entlrety. 
Seven GE correlatlons were tested In the Barker data 
reductlon; the flvetonstant Redllch-Klster equation gave 
the best results. Varlous equations of state were used to 
estimate the vapor-phase fugacity coefflclents; the 
Peng-Roblnson results were used for the values reported. 

I ntroductlon 

This paper reports total-pressure (PTx) vapor-liquid equilib- 
rium data for three systems containing 1-chlorobutane plus a 
hydrocarbon (pentane, benzene, and toluene). The apparatus 
and techniques for the experimental measurements have been 
described in detail in a previous paper ( I ) ,  along with the de- 

Table l .  Chemicals Used 

stated purity % vendor component 

l-chlorobutane Burdick and Jackson 99.9+ 
pentane Burdick and Jackson 99.9 
benzene Burdick and Jackson 99.9 
toluene Burdick and Jackson 99.9 

fining equation for the activity coefficient and the standard 
states used. 

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, the chemicals were 
poured into distillation flasks and then distilled through a Vigreux 
column (25" 0.d. and 470 mm long). The first and last 
portions of the distillate were discarded. The retained samples 
were back-flushed with dry nitrogen and put into amber glass 
bottles for transfer to the loading operation. The stated puritiis 
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