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ISOBARIC VAPOUR-LIQUID EQUILIBRIA 
IN THE BINARY SYSTEMS FORMER BY p-XYLENE 

WITH 1,2-DICHLOROETHANE, 1,1,1- 
TRICHLOROETHANE AND 1,1,2,2- 

TETRACHLOROETHANE AT 66.5 kPa+ 

B. SIDDIAH, M. VENKATESHWARA RAO, 
S. M. ASHRAF' and D. H. L. PRASAD'.* 

College of Technology, Osmuniu Universip, Hyderuhud-5OO 007, Indiu 
' Chemical Engineering Division, Indian Institute of' Chemicul Technolocgy, 

Hyleruburl-500 007. Indiu 

(Ru1~rir: t~i l  H Drt,etiiher 1995 ) 

Isobaric Vapour-Liquid equilibria of p-xylene + 1,2-dichloroethane. p-xylene + I.l,l-trichloroethane 
and p-xylene + 1,1,2,2,-tetrachloroethane, binary mixtures measured at 66.5 kPa are reported. Activity 
coefficients are evaluated and correlated. 

K E Y  WORDS: Vapour-liquid equilibria. p-xylene, 1,2,-dichloroetliane, 1.1.1,-trichloroethane, 1,1,2,2- 
tetrachloroethane. 

INTRODUCTION 

This paper presents vapour-liquid equilibrium data on three binary systems: 
p-xylene + 1,2-dichloroethane, p-xylene + 1,1,1 -trichloroethane and p-xylene + 1, 
1,2,2 + tetrachloroethane, at 66.5 kPa , in continuation of the investigators interest 
in a systematic study of the thermalphysical properties of liquid mixtures containing 
an alkylbnzene and a chloroethane' - 4 .  Bhushankumar and Raju5 studied the phase 
equilibria of the p-xylene + 1,2-dichloroethane system at 97.8 kPa, while Venkates- 
wara Roa and Vishwanath'-3 studied all the three systems at 91.1 kPa This investi- 
gation is taken up to study the change in the phase equilibrium of the three systems 
at the sub-atmospheric pressure of 66.5 kPa 

EXPERIMENTAL 

A recirculation type still, similar to the one described by Dvorak 
been used for the experiments. The temperatures were measured 

and Boublik6, has 
to an accuracy of 

*Author for Correspondence. 
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48 B. SIDDIAH e tu l .  

- + 0.05 K, by means of carefully calibrated mercury-in-glass thermometers. The sys- 
tern pressure was maintained at the constant value of 66.5 k 0.0665 kPa by means of 
a model # 7  cartesan monostat, procured from Emil. Creiner Co., New York. The 
equilibrium conditions were attained in 1 hr time. An additional 30 min. was allow- 
ed before the collection of the equilibrium liquid and vapour samples for analysis. 
The constancy of the composition was established from three sets of samples col- 
lected at 15 min. intervals. 

Based on the comparison of the physical properties of the pure liquids reported in 
Table 1, the pure compounds were expected to be at least 99.5% pure. The composi- 
tions of the liquid and vapour samples at equilibrium were calculated from the 
measured value of refractive-index/density and Eqn. (1) developed from the mole 
fraction of p- xylene and the corresponding refractive-index/density, and the coeffi- 
cients given in Table 2. The characteristic property used was the refractive index at 
293.15 K for p-xylene + 1,2-dichloroethane and p-xylene + 1,1, I-trichloroethane 
systems and density at 313.15 K in the case of p-xylem+ 1, 1,2,2-tetrachloroethane 
system. 

F = 1 .OOOO + BE + CE' + D E 3  

where F = the molefraction of p-xylene and 

Table 1 
293. I5 K. 

Comparison of the physical properties of pure liquids with literature' data at 

~~ 

Cornpotlent Refiactiuc.-iidex Densi ty  ((1. m/- I j 

This work Literature This w o r k  Lirercrrurc, 

p-xylene 1.4960 1.4958 0.8560 0.861 I 
1,2-Dichloroethane 1.4450 1.4447 1.2526 1.253 1 
1 , I ,  I -Trichloroethane 1.4375 1.4379 1.3384 1.3890 
1,1,2,2-Tetrachloroethane 1.4050 1.4949 1.5950 1.5953 

Table 2 Coefficients of the composition-characteristic property relation, Eqn. ( I ) .  

Miv1urr N o .  of dtrtci B C D P A D D  
points 

p-xylene + 1,2-Dichloroethane 12 - 1.2533 0.21 59 0.0374 0.23 

Trichloroethane 

Tetrachlorocthane 

p-xylene + l , l , l , -  12 - 1.0556 - 0.0468 0.1024 0.20 

p-xylene + l,l,2,2- 12 - 1.2157 0.3508 -0.1351 0.12 
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VAPOUR-LIQUID EQUILIBRIA IN BINARY SYSTEMS 49 

in which 
n = refractive index of the mixture, n,,  n 2  = refractive indices of pure liquids, for 
p-xylene + 1,2-dichloroethane, and p-xylene + 1,1,1 -trichloroethane systems. In 
the case of p-xylene + 1,1,2,2-tetrachloroethane system. 

where p = the density of the mixture, and p 1 , p 2 =  densities of the pure components. 
The percent average absolute deviation (PAAD) is represented as: 

where N =the  number of synthetic samples studied for each system (12 in this 
work). Table 2 shows the coefficients of Eqn. (1) for the three systems, together with 
the PAAD for the synthetic sample data. 

RESULTS 

The phase equilibrium data are presented in Tables 3-5. The liquid phase activity 
coefficients ( y l  and y 2 )  are calculated from 

and 

Z2Y2P 
Y 2  =- 

" 2 P :  

The pure component vapour pressures ( p y  and p i )  a t  each temperature are cal- 
culated from the Antoine equation 

where p o  is the vapour pressure in kPa and Tis the absolute temperature in K using 
the values of A,  B and C given in Table 6. The vapour pressure data on the pure 
substances including the boiling point observations of the pure liquids at 
66.5 kPa are represented by the Antoine equation to within fO.l kPa. The cal- 
culated values of vapour pressure at different temperatures are shown in the 
columns headed py  and p: in Tables 3-5. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
1
3
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



Ta
bl

e 3
 
Va
po
ur
-l
iq
ui
d e
qu
il
ib
ri
um
 d
at
a 

of
 p
-x
yl
en
e (
1)
 + 
1,
2-
di
ch
lo
ro
et
ha
ne
(2
) sy
st
em
 at
 6
6.
5 k
Pa
. 

Te
m

pe
ra

tu
re

 
xi

 
Y

i 
4
,
 

4
2

 
Ll

f 
L)f

 
PP

 
PP

 
Z

i 
zz

 
Y

i 
rz

 
(K

) 
(m

l.m
ol

-’
) 

(m
l,m

ol
-I

) 
(m

l.m
ol

-’
) 

(m
l.m

ol
-’

) 
(k

P
a)

 
(k

P
a)

 

39
6.
50
 

1.
00
00
 

1.
00

00
 

-1
59
7 

-6
67
 

13
5.
5 

82
.6
 

66
.5
1 

30
6.
89
 

~ 
-
 

~ 
-
 

39
2.
15
 

0.
96
25
 
0.
85
05
 

-1
64
4 

-6
95
 

13
4.
7 

82
.4
 

58
.5
4 

27
5.
06
 

0.
99
6 

1.
05
1 

0.
99
98
 

1.
01
30
 

38
7.
75
 

0.
92
12
 
0.
71
61
 

-1
70
0 

-7
13
 

13
4.
0 

82
.3
 

51
.2
3 

24
5.
77
 

0.
99
1 

1.
04
5 

1.
00
00
 

1.
01
87
 

37
9.
85
 

0.
82
90
 

0.
50

50
 

-
 1
81
0 

-7
47
 

13
2.
7 

81
.3
 

39
.9
2 

19
9.
30
 

0.
98
4 

1.
03
5 

0.
99
85
 

0.
99
69
 

37
4.
35
 

0.
75
90
 
0.
38
90
 

-1
89
4 

-7
71
 

13
1.
9 

80
.7
 

33
.3
7 

17
0.
97
 

0.
97
8 

1.
02
9 

0.
99
89
 

1.
01
47
 

37
0.
55
 

0.
70
50
 
0.
32
05
 

-1
95
7 

-7
88
 

13
1.
3 

80
.2
 

29
.2
9 

15
3.
24
 

0.
97
5 

1.
02
5 

1.
00
63
 

1.
02
46
 
‘ 

36
1.
65
 

0.
54
50
 
0.
18
10
 

-2
18
8 

-8
28
 

13
0.
0 

79
.3
 

21
.3
9 

11
7.
82
 

0.
96
7 

1.
01
5 

0.
99
84
 

1.
03
12
 

>
 

35
6.
75
 

0.
42
50
 
0.
11
90
 

-2
21
5 

-8
51
 

12
9.
3 

78
.7
 

17
.9
1 

10
1.
08
 
0.
96
2 

1.
01
1 

1.
OO
O1
 

1.
01
91
 

z 
35
3.
15
 

0.
31
00
 
0.
07
59
 

-2
29
2 

-8
67
 

12
8.
8 

78
.4
 

15
.6
1 

90
.3
1 

0.
95
9 

1.
00
7 

1.
00

03
 

0.
99
31
 

2 
34
8.
15
 

0.
16
90
 
0.
03
50
 

-2
40
7 

-8
90
 

12
8.
1 

77
.8
 

12
.8
1 

76
.7
5 

0.
95
4 

1.
00
3 

1.
02
57
 

1.
02
25
 

34
7.
55
 

0.
13
00
 
0.
02
60
 

-2
42
1 

-8
93
 

12
8.
0 

77
.7
 

12
.5
2 

75
.0
9 

0.
95
3 

1.
00
3 

1.
01
24
 
0.
99
44
 

34
6.
75
 

0.
11
40
 0
.0
22
7 

-2
44
0 

-8
96
 

12
7.
9 

77
.6
 

12
.1
5 

73
.2
3 

0.
95
3 

1.
00
2 

1.
01
57
 

1.
00
42
 

34
5.
95
 

0.
06
00
 
0.
01
13
 

-2
46
0 

-9
00
 

12
7.
8 

77
.5
 

11
.7
5 

71
.2
0 

0.
95
3 

1.
00
2 

1.
01
58
 

1.
00
70
 

E! 

34
3.
90
 

O.
oo

00
 
0.
00
00
 

-2
51
0 

-9
10
 

12
7.
6 

17
.3
 

10
.8

0 
66
.4
6 

-
 

-
 

-
 

-
 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
1
3
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



Ta
bl

e 
4 

V
ap

ou
r-

liq
ui

d 
eq

ui
lib

riu
m

 d
at

a 
of

 p
-x

yl
en

e(
 I)

 + 
I,

 I
, 1

-t
ri

ch
lo

ro
et

ha
ne

(2
) s

ys
te

m
 a

t 6
6.

5 
kP

a 
_

_
_

~
 

c 0
 c 0
 

38
4.

55
 

0.
91

90
 

0.
65

05
 

-
 1

74
3 

-9
07

 
13

3.
5 

1 1
6.

0 
46

.3
4 

28
7.

03
 

0.
98

8 
1.

07
3 

1.
00

36
 

1.
07

26
 

37
6.

75
 

0.
83

70
 

0.
46

25
 

-
 1

85
7 

-9
51

 
13

2.
2 

11
4.

7 
36

.0
5 

23
5.

92
 

0.
98

1 
1.

05
9 

0.
99

99
 

0.
80

12
 

5 
36

7.
75

 
0.

70
50

 
0.

29
10

 
-2

00
4 

-
 1

00
3 

13
0.

9 
1 1

3.
0 

26
.5

8 
18

5.
40

 
0.

97
2 

1.
04

4 
1.

00
38

 
0.

89
99

 
35

6.
55

 
0.

55
20

 
0.

15
50

 
-2

21
8 

-1
07

0 
12

9.
3 

11
1.

5 
17

.7
3 

13
4.

69
 

0.
96

2 
1.

02
7 

1.
01

32
 

0.
95

64
 

>
 

35
3.

15
 

0.
43

00
 

0.
10

92
 

-2
29

1 
-
 1

09
1 

12
8.

8 
11

1.
0 

15
.6

1 
12

1.
28

 
0.

93
0 

1.
02

3 
1.

00
61

 
0.

87
30

 
- 

34
8.

35
 

0.
37

00
 

0.
07

15
 

-2
40

6 
-1

12
1 

12
8.

2 
11

0.
2 

12
.9

4 
10

5.
26

 
1.

01
1 

1.
01

6 
1.

00
40

 
0.

94
60

 
34

5.
55

 
0.

26
00

 
0.

04
50

 
-2

47
5 

-
 1

13
8 

12
7.

7 
10

9.
8 

11
.5

5 
96

.5
1 

1.
00

6 
1.

01
3 

1.
00

25
 

0.
90

08
 

Te
m

pe
ra

tu
re

 
xi

 
)’I 

B
l,

 
B

22
 

u:.
 

r$
 

PP
 

PP
 

i!
 

z2
 

/I
 

1
2

 

(K
) 

(r
n/

.r
no

/-
’)

 (
rn

l.
nm

-’
) 

(r
nl

.m
o/

~’
) (r

nl
.m

o/
-’

) 
(k

P
a)

 
(@

a)
 

39
6.

50
 

1.
00

00
 

1.
00

00
 

-1
77

1 
-8

40
 

13
4.

4 
11

8.
2 

66
.5

1 
32

8.
00

 
-
 

-
 

~ 
~ 

37
3.

95
 

0.
80

90
 

0.
41

02
 

-1
90

0 
-9

67
 

13
1.

8 
11

4.
3 

32
.9

3 
21

9.
33

 
0.

97
8 

1.
05

4 
1.

00
14

 
0.

98
68

 
r z 

34
3.

05
 

0.
24

00
 

0.
03

75
 

-2
53

4 
-
 1

15
2 

12
7.

4 
10

9.
5 

10
.4

4 
89

.2
2 

1.
00

6 
1.

00
9 

1.
00

12
 

0.
95

28
 

Z
 >
 3 5 

-
 

~ 
~ 

33
4.

30
 

0.
00

00
 

0.
00

00
 

-2
74

2 
-
 1

19
9 

12
6.

3 
10

7.
5 

7.
21

 
66

.4
8 

-
 

w
 <
 

-<
 m v
)
 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
1
3
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



Ta
bl

e 
5 

V
ap

ou
r-

liq
ui

d 
eq

ui
lib

riu
m

 d
at

a 
of

 p
-x

yl
en

e (
1)
 + 
1,
1,
2,
2-
te
tr
ac
hl
or
oe
th
an
e(
2)
 sy

st
em

 a
t 6
6.
5 k

Pa
. 

39
6.
50
 

39
7.
65
 

39
8.
35
 

39
9.
55
 

39
9.
75
 

40
0.
25
 

40
0.
65
 

40
1.
35
 

40
2.
65
 

40
3.
05
 

40
4.
10
 

1 .o
OO

o 
0.
83
00
 

0.
71
00
 

0.
55
90
 

0.
54
19
 

0.
44
67
 

0.
39
50
 

0.
32
50
 

0.
21
10
 

0.
14
30
 

O.
oo

00
 

1.
oo
00
 

0.
85
72
 

0.
74
60
 

0.
60
75
 

0.
58
80
 

0.
49
60
 

0.
44
02
 

0.
37
25
 

0.
20
22
 

0.
17
21
 

o.
oo

00
 

-
 15
85
 

-
 15
77
 

-
 15
69
 

-
 1
55
5 

-
 1
55
3 

-
 15
48
 

-
 15
39
 

-
 1
53
5 

-
 15
21
 

-
 1
51
7 

-
 15
26
 

-
 13
60
 

-
 13

55
 

-
 13
51
 

-
 13
44
 

-
 13
43
 

-
 13
40
 

-
 13

35
 

-
 13

33
 

-
 13
25
 

-
 13
22
 

-
 13
30
 

13
6.
6 

11
8.
5 

66
.5
1 

53
.1
6 

13
6.
5 

11
8.
4 

68
.7
7 

54
.9
8 

13
6.
5 

11
8.
3 

70
.1
8 

56
.9
5 

13
6.
2 

11
8.
1 

72
.8
0 

58
.2
3 

13
6.
2 

11
8.
1 

73
.1
1 

58
.6
2 

13
6.
1 

11
8.
0 

74
.2
8 

59
.4
2 

13
7.
0 

11
7.
9 

75
.0
3 

60
.2
3 

13
5.
9 

11
7.
9 

76
.5
5 

61
.4
6 

13
5.
7 

11
7.
7 

79
.4
2 

63
.7
8 

13
5.
6 

11
7.
6 

80
.2
2 

64
.6
5 

13
5.
5 

11
7.
5 

82
.6
7 

66
.6
4 

-
 

1.
00
1 

1.
00
2 

1.
00
3 

1.
00
3 

1.
00
4 

1.
00
5 

1.
00
5 

1.
00
6 

1.
00
7 

-
 

-
 

0.
99
5 

0.
99
97
 

0.
99
5 

0.
99
76
 

0.
99
3 

0.
99
57
 

0.
99
7 

0.
98
99
 

0.
99
7 

0.
99
80
 

0.
99
7 

0.
99
27
 

0.
99
8 

1.
00
07
 

0.
99
9 

1.
00
52
 

0.
99
9 

1.
00
46
 

-
 

m 
1.
01
50
 

1.
02
17
 

1.
01
24
 

g 
1.
01
72
 

>
 

1.
01
55
 

J
 

1.
01
85
 

n 
1.
00
18
 

e 
1.
04
90
 

0.
98
87
 

-
 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
1
3
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



VAPOUR-LIQUID EQUILIBRIA IN BINARY SYSTEMS 53 

Table6 
connection with Eqn. (7). 

Antoine constants of the pure liquids of this study, used in 

Substance A B C 

p-xylene 14.0618 3347.25 - 57.84 
1.2- Dichloroethane 14.5305 3128.63 -41.15 
I . I  ,I,-Trichloroethane 13.9904 2802.75 -48.15 
I ,  1,2,2-Tetrachloro- 14.0653 3374. I3 -62.15 
ethane 

The vapour phase imperfection coefficients z1  and z 2  calculated from 

with 

are also recorded in Tables 3-5. The pure component second virial coefficients for 
p-xylene are calculated from Tsonopoulos equation*, while for 1,2-dichIoroethane, 
1,1,1- trichlorethane, they are interpolated from the data given by Dymond and 
Smith' and Bohmhammd and Manchen". The second Virial Coefficients of 1,1,2, 
2- tetrachloroethane are calculated from the generalized equation 

B/y .  = 25.208 - 192.116TR - 417.455Ti - 368.78Ti + 116.827Y2, (11) 

developed on the basis of the available literature data on ethylchloride, 1,2-di- 
chloroethane and 1,1,1- trichloroethane. All the numerical values of pure component 
second virial coefficients are noted in Tables 3-5. Cross-second virial coefficients 
( B , 2 )  are calculated from the Pitzer and curl" type generalization described by Van 
Ness and AbbottI2. The correlation of Yen and WoodsL3 gave the values of molar 
volumes of the pure components given in Table 3-5. The critical properties and the 
other data needed in the calculations are collected from Reid et nl.I4. 

THERMODYNAMIC CONSISTENCY 

To test the thermodynamic consistency, the practical procedure described by 
Fredenslund et al.15 based on the ideas originaly proposed by Van Vess et al.,'" and 
Abbott and Van Ness" is used. The excess Gibbs free energy G E  is related to liquid 
composition in the form: 

( G ~ / R T )  = .Y Inz, + .y2 lnz, = 61 = x I ( 1 - x l  )C ukLk (x ,) 
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where Lk(x , )  represents the Legendre function given by 

with k =0, 1, 2 . . . n .  The set of systems studied in this work could be represented to 
good accuracy by the first order Legendre polynomials with the coefficients A ,  and 
A ,  given in Table 7. The coefficients are used to calculate the activity coefficient y 1  
through the equation 

Values of y,, calculated from Eqn. ( 5 )  after substituting the other variables, com- 
pared with the measured values of y,, with an average absolute departure of less 
than 0.01 units as shown in Table 7, indicating that the data are thermodynamically 
consistent. 

The activity coefficient data are fitted to the Van Laar model: 

and the Wilson model: 

g = - x1 ln(x, + A,,x,) - x21n(x, + A,,xl)  

DISCUSSION 

The results shown in Table 8 indicate that both the Van Laar and Wilson models 
adequately represent the phase equilibrium data. The general pattern of the phase 
diagrams (not shown in this paper) are comparable to the literature data1-3,5. The 
lowering of the total pressure from about 91.1 kPa to 66.5 kPa has reduced the 
boiling temperatures of the mixtures by about 5-10 K and some what broadened 

Table 7 Coefficients of the Legendre polynomial and average departure 
in the calculation of y , .  

Mixture Coeficients N o .  of Averuge uhsolute 
qf Legendre observutioris deuiution in y ,  
polynomiul 

p-xylene + 1,2- A ,  = 0.0450 12 0.001 
dichloroethane A ,  = 0.0365 
p-xylene+ l,l,l, A,,= -0.1775 9 0.003 
1 -trichloroethane A ,  = 0.2020 
p-xylene + 1,12,2- A,, =0.0250 9 0.002 
trichloroethane A ,  = 0.0380 
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Table 8 Constants of the Van Laar and Wilson equations. 

Sy.stein Model o,onsttrnt.s PAAD iti r': 

p-xylene + 1,2- Van Laan: A I = 0.08 15 
dichloroethanc B1 = 0.0085 

0.24 

I .00 

p-xylene+ I, l , l-  VanLaan: A' =0.3795 0.75 
trichlorethane B' = 0.0245 

A L I  = 2.1432 

Wilson: A l  , = 0.456 I 
A , ,  = 1.7081 

Wilson: A ,  = 0.2132 1.21 

p-xylem+ l,1,2,2- VanLaan:A' =0.0630 0.7 1 
dichloroethanc B' = 0.0130 

Wilson:A,, =0.5150 0.85 
A,,  = 1.6005 

55 

PAAD in r l  =[((r,expt- s,cal)/r,expl] x 100," where N is 
the number of observations. 

the phase diagram. The activity coefficients are near uni ty  and there is no clear trend 
with composition, probably due to fluctuations in the total pressure. 
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