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The bubble-point data were collected on a Swietoslawski type ebulliometer for the title systems
each at 200 and 700 mm Hg. Calculated VLE data along with the activity coefficients and
excess gibbs free energy values through the use of the Wilson equation are reported. The data
are analysed for the nonideal behaviour of the systems. The pure-component Vapour-Pressure-
temperature relationships are also presented.

1 INTRODUCTION

An accurate and complete knowledge of Vapour-liquid equilibrium is
necessary for the design of distillation equipment. Generally Vapour-liquid
equilibrium data are obtainable either at isothermal or at isobasic conditions.
Most distillation processes are carried out at constant temperature, so that
temperature—composition curves are more practical in making engineering
calculations such as the number of plates, although for theoretical con-
sideration the pressure-composition curves are preferable. As part of the
continuing equilibrium study of halogen substituted aromatic hydrocarbon
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with nitrosubstituted aromatic hydrocarbons, Vapour-liquid equilibrium
data on bromobenzene(1)-nitrobenzene(2) and bromobenzene(1)-2-nitro-
toluene(2) systems each at 200 mm Hg as well as at 700 mm Hg were
predicted because the data on these systems have not been reported in
literature.

2 EXPERIMENTAL

Bromobenzene (BDH), nitrobenzene (BDH) and 2-nitrotoluene (Koch
light Laboratories, England) were purified as per the methods described in
Riddick and Bunger.! The purity of the samples was checked by measuring
densities, refractive indices and boiling points. Densities were measured
using a bicapillary pycnometer with an accuracy of 5 parts in 10°. Refractive
indices were determined using an Abbe’s refractometer with an accuracy of
+0.0002. The boiling points of pure components and mixtures of known
composition were measured on a Swietoslawski-type ebulliometer with an
accuracy of +0.2°C. The measured values are presented in Table I along
with the literature values.?:®

The ebulliometer was connected to a vacuum system. The pressures were
measured using mercury manometer with an accuracy of +1 mm Hg. The
temperatures were measured using a PT100 Thermometer which gave an

TABLE 1
Densities, refractive indices and boiling points of the pure compounds at 303.15 k

Refractive
Density, p, gem ™3 indices at Boiling point
at 303.15K 293.15K °K
Compound Expt. Lit. Expt. Lit. Expt. Lit.

Bromobenzene 1.48138 1.48148 1.5600 1.5604 429.2 429.2
Nitrobenzene 1.19325 1.79341 1.5525 1.5524 483.6 483.9
2-Nitrotoluene 1.1530 1.1531 1.5475* 1.5474* 493 4 4935

*at 293.55 K
TABLE II
Antoine constants for the pure compounds with standard
deviation
Compound A B C A

Bromobenzene  15.7468 3281.18 203.95 0.1
Nitrobenzene 16.3562 3992.9] 200.271 0.39
2-nitrotoluene 13.8659 2382.41 109.19 0.86
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accuracy of +0.1°C. The detailed procedure was described previously.*
Since the prediction of vapour-liquid equilibrium data involves the vapour
pressure data of pure components, the same has been determined for bromo-
benzene, nitrobenzene, 2-nitrotoluene. The ‘Antoine constants for the pure
components obtained by the non-linear regression analysis® of the experi-
mental data, are presented in Table II.

ISOBASIC BINARY SYSTEMS

The bubble or boiling points of the systems bromobenzene(1)-nitroben-
zene(2) and bromobenzene(1)-2-nitrotoluene(2) were determined over the
entire range of composition. Mixtures of different compositions were
prepared by taking quantities (by weight) of the pure components. The
boiling points for the known binary compositions were measured at 200
mm Hg and also at 700 mm Hg. The boiling point of a specified composition
was first measured at 200 mm Hg. Then the pressure was raised to 700 mm Hg
and the boiling point was determined. The system was brought back to
200 mm Hg when the boiling point measurement was repeated and finally
the measurement was repeated at 700 mm Hg, thereby obtaining duplicate
sets at both the pressures of interest. This procedure also helps us to detect
any possible dissociation, and loss of material in the mixture under study.

3 RESULTS

The ¢t — x measurements were used for the data reduction Wilson equa-
tion® 7 was chosen to represent the composition and temperature dependence
of liquid-phase activity coefficients y, and y,.

A A
Inv, = ~In A > - A 1
ny, [x1 + 12X2] + x2|:x1 i A12x2 X5 + A21x1 ( )
o /\21 _ A12
Iny, = —Inlx, + Ayx,] + XI[Xz + Anxy x4+ Apx,; ®

where

Vi — 4
Ay, = —2exp — [———MZ RT“]
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Vi and V% are liquid molal volumes, (1;, — A;;) and (1, — 4,,) are
temperature independent (to some extent) parameters, showing the energies
of interaction between the molecules designated in the subscripts. The
optimum-Wilson parameters (4,, — 4,,) and (4,, — 4,,) were obtained by
minimising the objective function, ¢,

P 2
p=Y (P—; - 1.0) ©)

using Nelder-Mead optimization technique,® are presented in Table III
along with the standard deviation of the fit.

TABLE 111
Wilson Parameters with standard deviation

Standard
deviation
System (412 — 41)/R (A4, ~ 432)/R °C
Bromobenzene(1)-nitrobenzene(2)
at 200 mm Hg. 262.077 —219.991 0.28
Bromobenzene(1)-nitrobenzene(2)
at 700 mm Hg. —377.771 945.577 0.28
Bromobenzene(1)-2-nitrotoluene(2)
at 200 mm Hg. 161.430 —280.852 0.21
Bromobenzene(1)-2-nitrotoluene(2)
at 700 mm Hg. —79.363 —54.522 0.20

4 DISCUSSION

The measured boiling points, calculated boiling points using Wilson equa-
tion and the ideal boiling points are presented in Table IV to VIL. The
vapour compositions were calculated using the following equation
x Py,
=1 6
Y1 P (6

cal

The excess gibbs free energies were calculated using the activity coefficients

E

R—T=xllny1+x21ny2 @)

The vapour—composition, activity coefficients and excess gibbs free energies
are presented in Table VIII to XI. The vapour composition vs. mole fraction
graphs and excess gibbs free energies G, vs. mole fraction graphs are
represented in Figures 1 and 2. The GF, values are negative over the entire
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TABLE IV

Bromobenzene(1)-Nitrobenzene(2) ¢ — x

at 200 mm Hg
[exp! feal tideal texpl — Lea
x ° °C °C °C
0.1527 147.5 147.8 146.9 -0.3
0.1527 147.6 147.8 146.9 -0.2
0.2435 141.7 141.1 140.4 0.3
0.2435 141.8 141.1 140.4 0.4
0.3233 136.7 136.5 135.5 0.2
0.3233 136.7 136.5 135.5 0.3
0.4176 131.0 131.3 130.4 -0.3
0.4176 131.2 131.3 130.4 —0.1
0.4308 130.5 130.6 129.8 —0.1
0.4308 130.5 130.6 129.8 —-0.1
0.5318 125.7 125.9 125.2 —-0.2
0.5318 125.8 125.9 125.2 —0.1
0.6532 121.2 120.9 120.5 0.3
0.6532 121.3 120.9 120.5 0.4
0.7731 116.5 116.7 116.5 —-0.2
0.7731 116.5 116.7 116.5 -0.2
0.8216 115.0 115.1 115.0 —0.1
0.8213 115.0 115.1 115.0 —-0.1
0.9033 112.2 112.7 112.6 -0.5
0.9003 112.3 112.7 112.6 —-0.4
TABLE V
Bromobenzene(1)-Nitrobenzene(2) 1 — x data at
700 mm Hg
lexpl Leal Lideal Texpt = Leal
X °C °C °C
0.1527 191.5 191.9 193.6 -04
0.1527 191.6 191.9 193.6 -03
0.2435 185.0 184.7 187.0 0.3
0.2435 185.2 184.7 187.0 0.5
0.3233 179.2 179.1 181.8 0.1
0.3233 179.4 179.1 181.8 0.3
0.4176 173.0 174.4 176.4 -04
0.4176 172.9 174.4 176.4 -0.5
0.4308 172.5 172.7 175.7 -0.2
0.4308 172.5 172.7 175.7 -0.2
0.5318 167.6 167.4 170.6 0.2
0.5318 167.8 167.4 170.6 03
0.6532 162.2 162.2 165.1 0.0
0.6532 162.3 162.2 165.1 0.1
0.7731 158.0 158.1 160.4 -0.1
0.7731 158.1 158.1 160.4 0.0
0.8216 156.5 156.7 158.7 —-0.2
0.8216 156.6 156.7 158.7 —-0.1
0.9033 154.8 154.7 155.9 0.1
0.9033 1549 154.7 155.9 0.2
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TABLE VI

Bromobenzene(1)-2-nitrotoluene(2) t — x data at

200 mm Hg
texpl Loal lideal texpl feal
x °C °C °C °

0.1533 156.2 [56.2 151.5 0.0
0.1533 156.4 156.2 151.5 0.2
0.3032 143.4 144.2 139.6 —-0.8
0.3032 143.5 144.2 139.6 —-0.7
0.3317 141.9 142.1 137.7 —-0.2
0.3317 141.8 142.1 137.7 -0.3
0.4325 135.5 135.1 131.7 0.4
0.4325 1354 135.1 131.7 0.3
0.5801 176.2 176.4 124.5 —0.2
0.5801 176.3 176.4 124.5 —-0.1
0.6435 123.0 123.2 121.8 —-0.2
0.6435 123.0 123.2 121.8 —-0.2
0.6879 121.3 121.2 120.1 0.1
0.6879 121.3 121.2 120.1 0.1
0.7246 119.7 119.6 118.7 0.1
0.7246 119.8 119.6 118.7 0.2
0.8110 116.2 116.2 115.7 0.0
0.8110 116.3 116.2 1157 0.1
0.9269 112.3 112.2 112.1 0.1
0.9269 112.4 112.2 112.1 0.2

TABLE VII
Bromobenzene(1)-2-nitrotoluene(l) z — x data at

700 mm Hg

Iexp! feal figeal texpt — Iea
x °C °C ° °

0.1533 203.0 202.9 199.0 0.1
0.1533 203.2 202.9 199.0 0.3
0.3032 191.0 191.0 186.4 0.0
0.3032 190.8 191.0 186.4 ~0.2
0.4325 181.7 181.8 177.8 —-0.1
0.4325 181.6 181.8 177.8 -~0.2
0.5969 170.6 171.4 168.8 -0.8
0.5969 170.8 171.4 168.8 —-0.6
0.6435 168.8 168.8 166.6 0.0
0.6435 168.7 168.8 166.6 ~0.1
0.6879 166.5 166.4 164.6 0.1
0.6879 166.6 166.4 164.6 0.2
0.7246 164.3 164.5 163.0 —0.2
0.7246 164.5 164.5 163.0 0.0
0.8110 160.6 160.4 159.5 0.2
0.8110 160.8 160.4 159.5 0.4
0.8800 158.3 157.4 156.9 0.9
0.8800 158.2 157.4 156.9 0.8
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TABLE VIII

Vapour compositions, activity coeflicients and excess gibbs
free energies for the system Bromobenzene(1)-Nitrobenzene(2)

at 200 mm Hg
GE
x Yeal Lcal Y1 Y2 J mole™!
0.05 0.1768 156.2  0.9272  0.9998 —14
0.10 0.3192 1520 09334 09991 —26
0.15 0.4348 1430 09397 0.9978 -38
0.20 0.5296 1444 09460  0.9960 —48
0.25 0.6076 1410  0.9522  0.9937 —56
0.30 0.6724 137.9  0.9582  0.9508 —63
0.35 0.7265 1350  0.9640  0.9874 —69
0.40 0.7719 132.2 0.9694  0.9835 -73
0.45 0.8103 129.7 0.9744  0.9791 =175
0.50 0.8428 127.3 0.9789  0.9743 —76
0.55 0.8706 125.1 0.9831 0.9691 -75
0.60 0.8944 123.0  0.9868 0.9635 -72
0.65 0.9148 121.0  0.9900 0.9576 —68
0.70 0.9325 119.2  0.9927 0.9513 -63
0.75 0.9478 117.4  0.9950 0.9449 -57
0.80  0.9612 115.8 0.9969 0.9382 —47
0.85 0.9728 114.2 0.9983 0.9312 -38
0.90 0.9831 112.8 0.9992 0.9242 =27
0.95 0.9921 111.4  0.9998 0.9169 -14
TABLE IX

Vapour compositions, activity coefficients and excess gibbs free
energies for the systems Bromobenzene(1)-Nitrobenzene(2) at

700 mm Hg
GE
X Yeal Lol Y1 Y2 J mOIC_l

0.05 0.1680 201.5 1.1141 0.9999 20
0.10 0.3034 196.6 1.1118 0.9996 39
0.15 0.4141 192.1 1.1100 0.9991 55
0.20 0.5054 188.0 1.1087 0.9983 7
0.25 0.5815 184.2 1.1076 0.9974 86
0.30 0.6455 180.7 1.1066 0.5963 10t
0.35 0.6995 177.4 1.1055 0.9951 115
0.40 0.7455 174.4 1.1042 0.9940 129
0.45 0.7849 171.6 1.1023 0.9933 143
0.50 0.8187 169.0 1.0998 0.9933 156
0.55 0.8478 166.6 1.0963 0.9945 169
0.60 0.8730 164.4 1.0916 0.9979 181
0.65 0.8948 162.3 1.0855 1.0050 192
0.70 0.9137 160.5 1.0776 1.0180 200
0.75 0.9302 158.8 1.0676 1.0409 204
0.80 0.9447 159.3 1.0554 1.0809 202
0.85 0.9575 156.0 1.0410 1.1521 190
0.90 0.9820 153.8 1.0089 1.5682 106
0.95 0.9820 153.8 1.0089 1.5682 106

205



08:45 28 January 2011

Downl oaded At:

TABLE X

Vapour compositions, activity coefficients and excess gibbs free
energies for the system, Bromobenzene(l)-Nitrotoluene(2) at

200 mm Hg
GE
x Yeal toa °C 71 Y2 J mole™!
0.05 0.1617 164.8 0.6862 0.9985 -7
0.10 0.3072 160.7 0.7206 0.9941 —132
0.15 0.4341 156.5 0.7532 0.9871 — 184
0.20 0.5420 152.4 0.7838 0.9778 —227
0.25 0.6320 148.4 0.8125 0.9664 —262
.30 0.7060 144.5 0.8391 0.9532 —288
0.35 0.7661 140.8 0.8636 0.9386 —306
0.40 0.8146 137.3 0.8859 0.9226 —318
0.45 0.8536 134.0 0.9060 0.9057 —328
0.50 0.8849 130.9 0.9240 0.8881 —320
0.55 0.9099 128.0 0.9399 0.8698 -311
0.60 0.9301 125.4 0.9536 0.8512 —296
0.65 0.9463 122.9 0.9654 0.8324 —-276
0.70 0.9593 120.7 0.9753 0.8135 —250
0.75 0.9699 118.5 0.9833 0.7947 —220
0.80 0.9786 116.6 0.9896 0.7760 — 184
0.85 0.9856 114.8 0.9943 0.7575 — 144
0.90 0.9913 113.1 0.9975 0.7393 —100
0.95 0.9961 111.5 0.9994 0.7214 -52
1-0
200 mm Hg 700mm Hg
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FIGURE | Vapour compositions and excess gibbs free energies for the system Bromo-
benzene(1)-Nitrobenzene(2) at 200 mm Hg and 700 mm Hg.
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FIGURE 2 Vapour compositions and excess gibbs free energies for the system Bromo-
benzene(1)-2-Nitrotoluene(2) at 200 mm Hg and 700 mm Hg.

TABLE XI

Vapour composition activity coefficients and excess gibbs free
energies for the system Bromobenzene(1)-2-nitrotoluene(2) at

700 mm Hg
GE
X Yeal tcal °C Y1 Y2 J mole” !

0.05 0.1432 211.8 0.7771 0.9994 -51
0.10 0.2688 207.4 0.7935 0.9975 —-98
0.15 0.3786 203.2 0.8099 0.9943 —139
0.20 0.4743 199.1 0.8262 0.9896 —-176
0.25 0.5573 195.1 0.8424 0.9835 —-207
0.30 0.6291 191.2 0.8583 0.9758 —234
0.35 0.6909 187.5 0.8740 0.9666 —255
0.40 0.7441 184.0 0.8893 0.9557 —271
0.45 0.7896 180.6 0.9041 0.9431 —282
0.50 0.8284 177.3 0.9184 0.9288 —287
0.55 0.8615 174.2 0.9319 0.9128 —286
0.60 0.8895 171.3 0.9446 0.8951 =279
0.65 0.9132 168.4 0.9564 0.8756 —267
0.70 0.9332 165.8 0.9670 0.8544 —~248
0.75 0.9500 163.3 0.9765 0.8316 —223
0.80 0.9641 160.9 0.9845 0.8071 —192
0.85 0.9758 158.7 0.9911 0.7810 — 154
0.90 0.9855 156.6 0.9959 0.7585 —110
0.95 0.9934 154.6 0.9990 0.7247 —58
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range of composition, except in the binary system, bromobenzene(1)-
nitrobenzene(2) at 700 mm Hg. G values are decreasing from nitrobenzene
to 2-nitrotoluence. From the figures we can conclude that the systems are
non-ideal.
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GLOSSARY

A, B, C Antoine Constants

P Pressure in mm Hg

t temperature, °C

x liquid phase mole fraction
y vapour phase mole fraction

GREEK NOTATION

y Activity Coefficient

A Wilson Parameter

Az — Aq interaction parameter in the Wilson equation, J mole ™!
Ara — A2, interaction parameter in the Wilson equation, J mole ™!
SUBSCRIPTS

1. Bromobenzene
2. Nitrobenzene, 2-nitrotoluene



