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Vapour-liquid equilibrium has been measured in systems acetone-benzene (at 30, 40 and 50°C). 
acetone-toluene (at 35, 45 and 55°C), benzene- methyl ethyl ketone (at 40, 50 and fiO°C) , methyl 
ethyl ketone-toluene (at 55, 65 and 75°C), and methyl ethyl ketone-ethyl benzene (at 55, 65 and 
75°C). The modified circulation still of Gillespie's type has been used for the measurement. The 
measured data have been correlated by several equations expressing the dependence of activity 
coefficients on the composition of the liquid phase. 

---------------- --- ------------------.-

As a part of a systematic study of thermodynamic properties of binary mixtures 
belonging to various groups of Ewell's classification of liquids!, the isothermal 
vapour- liquid equilibria have been measured for binary systems of aromatic hydro
carbons with ketones. 

EXPERIMENTAL 

Preparation of Pure Substances and Criteria of Purity 

Acetone. Analytical grade reagent was purified as the sodium iodide addition compound2 and 
the product obtained was then rectified on a fifty-plate laboratory distillation column. 

Methyl ethyl ketone. Analytical grade reagent was refluxed with KMn04 and CaO for removing 
aldehydes2 and then rectified on a forty-plate column. 

Benzene (Standard from Urxovy zlivody, Valasske Mezificf) was used without anyfurther purifica
tion. 

Toluene . Technical grade reagent was freed from sulphur-containing impurities by treating 
with H 2 S04, washed with water, dried with Na and three times rectified on a forty-plate column2

. 

Ethylbenzene. Technical grade reagent was twice rectified on a forty-plate column. 

Part XLVII: This Journal 36, 2337 (1971). 
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TABLE I 

Physical Constants of Pure Compounds 

Compound Constant 

Acetone diD, g/cm3 

n~o 
B.p.,oC 

Methyl ethyl d~o, g/cm3 

ketone n~o 
B.p., oC 

Benzene d~o, g/cm3 

n~O 
B.p., oC 

Toluene dio, g/cm3 

n'f,° 
B. p., oC 

Ethylbenzene dio, g/cm3 

n'f,° 
B.p. oC 

TABLE II 

Measured 

0·7900 
1·3588 

56·06 
0·8048 
1·3785 

79·50 
0·8790 
1·5011 

80·05 
0·8669 
1·4967 

110·625 
0·8670 
1·4959 

136·26 

Published 

0.78989 13 

1.3588 14 

56·1 - 56.3 14 

0.80473 7 

1.3786 14 

Kraus, Linek : 

79·57 - 79.89 14 

0.8789- 0.8791 14 

1·5009- 1.50115 14 

80.07 - 80.11 14 

0·8669- 0.8672 14 

1.4966- 1.49693 14 

110·606 _110.75 14 

0·86696- 0.8672 14 

1·4958- 1.49593 14 

136·1 _136.4 14 

Refractive Indices of the Acetone (I)-Benzene (2) Mixture at 20°C 
nOt 1·35880, n 02 1·50110. Constants of the equation (1) Al 0·01936, A2 0·01768, A3 - 0·01915. 

nO (exp) nO (calc) Dev. Dev., % 

0·1091 1·48750 1·48749 - -0·00001 - 0·00 
0·2430 1·47050 1·47050 0·00000 0·00 
0·3461 1·45700 1·45696 - 0·00004 - 0·03 
0·4590 1·44150 1·44154 0·00004 0·03 
0·5096 1·43430 1·43441 0·00011 0·07 
0·6355 1·41600 1·41604 0·00004 0·02 
0·7287 1·40200 1-40189 - 0·00011 - 0·08 
0·8365 1·38510 1·38503 - 0·00007 - 0·05 
0·9210 1·37150 1·37154 0·00004 0·03 

Mean ±O·OOOO5 ±O·04 

------~---------.--------------

Collection Czechoslov. Chem. Commun./Vol. 36/ (971) 
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TABLE III 
Refractive Indices of the Acetone(I)-Toluene(2) Mixture at 20°C 

"01 1'35880, "D2 1'49670. Constants of the equation (1) A 10'05645, A2 0,04037, A3 - 0·00580. 

Xl "0 (exp) 110 (calc) Dev. Dev., % 

0·1191 1·48470 1·48468 -0·00002 - 0'01 
0·2446 1·47130 1·47128 -0,00002 - 0'02 
0·3744 1'45610 1·45619 0·00009 0·06 
0·4757 1·44340 1·44338 -0·00002 -0,01 

0·5478 1'43350 1'43364 0·00014 0·10 
0·6541 1·41830 1·41827 -0·00003 - 0,02 
0·7643 1·40100 1·40095 -0,00005 -0·04 
0·8531 1-38610 1·38591 -0·00019 ~ 0'14 

0·9228 1·37330 1·37339 0·00009 0·07 

Meall ±O'OOOO7 ± O'O5 

TABLE IV 

Refractive Indices of the Benzene(l)-Methyl Ethyl Ketone(2) Mixture at 20°C 
n01 1,50110, "oz 1·37850. Constants of the equation (1) A 1 - 0 '00787, A z - 0'00360, A3 

- 0·00077. 

Xl no (exp) flO (calc) Dev. Dev.,% 

-----

0·0306 1·38220 1'38214 -0·00006 - 0,05 
0·0996 1·39020 1·39035 0·00015 0·13 
0·2004 1·40230 1·40238 0·00008 0'06 
0·2954 1'41360 1·41374 0·00014 0'1I 
0·3920 1·42530 1·42535 0·00005 0·04 
0·4996 1'43830 1·43837 0·00007 0'05 
0'5853 1·44900 1'44883 -0,00017 - 0'14 
0·6990 1·46300 1'46285 -0,00015 - 0'12 
0·7561 1'47010 1·46996 - 0·00014 - 0'11 
0·8835 1·48610 1'48607 - 0,00003 -0'03 
0·9396 1'49320 1-49327 0·00007 0·06 

Mean ±O'OOOIO ± O·O8 

Collection Czecboslov. Cbem. Commun. /Vol. 36l (1971) 
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TABLE V 

Refractive Indices of the Methyl Ethyl Ketone(I)-Toluene(2) Mixture at 20°C 
no1 1·37850, n02 1·49670. Constants of the equation (1) Al 0·02325, A2 0·01821, A3 0·00122. 

Xl no (exp) no (calc) Dev. Dev.,% 

0·1353 1·48280 1·48281 0·00001 0·01 
0·2219 1·47370 1·47370 0·00000 0·00 
0·3654 1·45810 1·45803 - 0·00007 - 0·06 
0·4552 1·44780 1·44785 0·00005 0·04 
0·5474 1·43710 1·43708 - 0·00002 -0·02 
0·6299 1·42720 1·42713 - 0·00007 -0·06 
0·7196 1·41580 1·41597 0·00017 0·14 
0·8200 1·40310 1·40303 -0·00007 -0·06 
0·9084 1·39120 1·39120 0·00000 0·00 

Mean ±O·OOOO5 ±O·O4 

TABLE VI 
Refractive Indices of the Methyl Ethyl Ketone(I)-Ethylbenzene(2) Mixture at 20°C 

nOl 1·37850, n02 1·49590. Constants of the equation (1) A 1 0·04834, A2 0·03689, A3 0·02776. 

Xl no (exp) no (calc) Dev. Dev.,% 

0·2425 1·47380 1·47378 -0·00002 -0·01 ' ..... , 

0·2974 1·46810 1·46820 0·00010 0·08 
0·3798 1·45950 1·45949 -0·00001 -0·01 
0·4931 1·44700 1·44690 -0·00010 -0·08 
0·5787 1·43700 1·43692 -0·00008 -0·06 
0·6490 1·42850 1·42836 - 0·00014 - 0·12 
0·7536 1·41480 1·41492 0·00012 0·10 
0·8452 1·40210 1·40230 0·00020 0·17 
0·9285 1·39000 1·38992 -0·00008 ~ 0·07 

Mean ±O·OOOO9 ±O·O8 

Collection Czechoslov. Chem. Commun. /Vol. 36/ (]971) 
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TABLE VII 

Vapour Pressure of Acetone 
Antoine vapour pressure constants A 7'083940, B 1191·632, C 227·448. 

t Pexp Peale Dev. 
% 

°C Torr Torr Torr 
- ~-------------

15·394 150·47 150·28 - 0'19 -0,12 

19·972 185'09 185·23 0·14 0'07 
21·609 199·16 199·23 0'07 0·04 
23·985 220'76 221·09 0·33 0·15 
26·231 243·60 243·52 - 0'08 - 0'03 
28·677 270·52 270·02 - 0,50 - 0,18 
30·539 292'00 291'73 -0,27 -0,09 

33·569 328·94 330·06 H2 0·34 
35-649 359'08 358·66 - 0,42 -0,12 

39·505 417·17 416·97 -0'20 -0,05 

43·133 478·92 478·59 - 0,33 - 0·07 
47'518 562·03 562·59 0·56 0'10 
52·523 672·66 672'46 -0·20 -0,03 

55'202 737'98 737·92 -0,06 -0,01 

Mean ±O·32 ±O'10 

TABLE VIII 

Vapour Pressure of Methyl Ethyl Ketone 
Antoine vapour pressure constants A 7,122316, B 1294'530, C 225·708. 

t P exp Peale Dev. % 
°C Torr Torr. Torr 

31 ·690 123·88 123-89 0·01 0·01 
36'472 153·12 153·02 -0,10 -0,06 
40·422 181 ·30 181·15 -0'15 -0,08 

42·250 195·51 195·54 0'03 0'01 
44·417 213-97 213-79 -0·18 - 0,09 

47·142 238·24 238·69 0·45 0'19 
49·049 257·08 257·50 0·42 0'16 
51·877 287-66 287·59 -0,07 -0,02 

54·042 312·70 312·51 -0'19 -0,06 

61·515 412·35 412' 35 0'00 0·00 
65-856 48H6 481·24 0·08 0·02 
69·982 555·61 555·03 -0,58 -0·10 
75·229 662·26 661·69 -0'57 -0,09 

78·761 741·41 742·26 0·85 0·11 

Mean ±O'26 ±O·O7 

Collection Czechoslov. Chern. Cornrnun. IVol. 361 (1971) 
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TABLE IX 

Vapour Pressure of Toluene 
Antoine vapour pressure constants A 6'970241, B 1356'139, C 220·981. 

t P cxp Peale Dev. % 
°C Torr Torr Torr 

55·741 117·36 117·36 0·00 0·00 
59·979 139·09 139·13 0·04 0·03 
64·674 167'11 167·02 - 0,09 -0'05 
68'745 194·85 194'75 - 0'10 - 0,05 
71·684 217·15 217·01 - 0'14 - 0,06 
73·846 234·74 234·67 -0'07 -0,03 

76·249 255-63 255·65 0·02 0·01 
78·666 277-71 278·26 0·55 0·20 
81·506 306'38 306'86 0'48 0·16 
86·055 357-89 357·57 -0'32 -0,09 
90·049 407·85 407·46 -0,39 -0'10 
94'684 472·36 472·18 -0,18 - 0·04 
99·996 556'03 556·17 0·14 0·02 

105·960 664·41 664·17 -0,24 -0·04 
109·790 741·53 741·83 0·30 0'04 

Mean ± O'20 ± O'O6 

TABLE X 

Vapour Pressure of Ethylbenzene 
Antoine vapour pressure constants A 6,883838, B 1379'331, C 208·306. 

t P exp Peale Dev. % 
°C Torr Torr Torr 

76·633 110'58 110·42 -0·16 - 0,14 
81·810 134·74 134'72 -0,02 -0,01 
86·212 158·60 158·67 0·07 0·04 
90'188 183-10 183·18 0·08 0·04 
93 ·825 208·02 208·21 0·19 0·09 
96·968 231·91 232·01 0·10 0·04 
99'106 249·42 249·42 0·00 0·00 

101·880 273·74 273·56 - 0,18 -0,06 
105·480 307·18 307-66 0·48 0·16 
110·340 359·47 359·02 - 0'45 -0,12 

119·530 474·64 474·75 0·11 0·02 
124·750 553·31 552'(;0 , -0,71 - 0,13 

131-110 661·34 660·71 -0,63 - 0,10 

135·410 741'66 742·76 1·10 0·15 

Mean ± O'3I ± O'O8 

Collection Czechoslov. Chem. Commun./vol. 36/ (1971) 
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TABLE XI 

Vapour- Liquid Equilibrium in the Acetone(1)- Benzene(2) System at 30°C 
~-.---~-------------.~,---------~~- -

Experimental values Deviation in vapour phase composition 
~-~------~---"-'-- - ----.• -~---------.----------.----,--

y P,Torr Laa r 3 Marg.3 Marg.4 Wils.2 Alpha 2 
----.-------~-------.-.----------

0·0610 0·1702 139·27 0·0222 0 ·0192 0·0130 0·0223 - 0·0026 
0·1035 0·2761 151·86 0·0074 0·0057 0·0012 0·0074 - 0·0168 
0·1608 0·3697 166·00 0·0076 0·0077 0·0066 0·0075 -0·0095 
0·2607 0·4949 185·38 0·0031 0·0041 0·0065 0·0030 - 0·0009 
0·3233 0·5604 197·03 -- 0·0020 - 0·0015 0·0010 - 0·0021 -0·0008 
0·3734 0·6021 205 ·]3 - 0·0004 - 0·0006 0·0011 - 0·0005 0·0028 
0-4629 0·6690 219·18 0·0023 0·0009 0·0005 0·0023 0·0054 
0·5334 0·7156 229·13 0·0058 0·0038 0·0019 0·0058 0·0061 
0·5885 0·7513 237·80 0·0071 0·0050 0·0023 0·0071 0·0041 
0·7661 0·8588 259·56 0·0099 0·0097 0·0086 0·0099 - 0·0045 
0·8795 0·9294 273 ·39 0·0045 0·0057 0·0072 0·0045 - 0·0112 
0·9474 0·9678 279·18 0·0037 0·0047 0·0063 0·0037 - 0·0065 

Mean 0·0063 0·0057 0·0047 0·0063 0·0060 

Equation Order Al2 A21 D12 

Van Laar 0·2243 0·1174 
Margules 3 0·2050 0·0938 
Margules 4 0·1716 0·0501 -0·1263 
Wilson 0·4058 1-3830 
Alpha 2·1956 - 0·2017 

The comparison of the measured and published values of physical constants of the used sub
stances is given in Table 1. 

Procedure 

Vapour pressures of the pure compounds were measured by the Swientoslawski standard ebullio
meter connected to a vacuum station3

. Temperature was measured by platinum resistance 
thermometers calibrated by means of a Mueller bridge with platinum resistance thermometer Leeds 
and Northrup . The accuracy of the temperature measurements was ±0·01 °C. The pressure was 
measured indirectly by measuring the boiling point of water in an ebuliometer connected in 
parallel. 

For measuring the vapour - liquid equilibria, the Gillespie-type circulation apparatus! was used. 
The samples of the equilibrium phases were analysed refractometrically. Refractive indices were 
measured by an Abbe-type refractometer with an accuracy of ± 0·0001. Refractive indices of 

Collection Czechoslov. Chern. Cornmun. /Vol. 36/ (971) 
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TABLE XII 

Vapour-Liquid Equilibrium in the Acetone(1)-Benzene(2) System at 40°C 

Experimental values Deviation in vapour phase composition 

x y P, Torr Laar 3 Marg. 3 Marg.4 Wils.2 Alpha 2 

0·0570 0·1758 211-04 0·0113 0·0065 0·0055 0·0115 - 0'0183 
0'1027 0·2769 229·73 0·0089 0·0060 0·0052 0·0090 - 0·0204 
0·1608 0·3689 234·90 0·0097 0·0096 0·0093 0·0097 - 0·0107 
0·2615 0·4921 280·65 0·0038 0·0056 0·0059 0·0037 ·-0,0005 
0·3240 0·5535 296·95 0·0006 0·0020 0·0024 0·0006 0·0028 
0·3734 0·5946 309·35 0·0009 0·0017 0·0019 0·0009 0·0059 
0'4636 0·6631 328·86 0·0012 0·0005 0·0004 0·0012 0·0069 
0·5300 0·7085 344·83 0·0025 0·0011 0·0008 0·0026 0·0058 
0·5892 0'7481 356·72 0·0027 0·0010 0·0006 0·0028 0·0024 
0·7325 0·8355 381·56 0·0065 0·0059 0·0056 0·0065 -0'0044 
0·8051 0·8782 393·34 0·0080 0·0084 0·0084 0·0079 -0,0070 
0·8807 0·9238 406·38 0·0073 0·0085 0·0087 0·0072 -0,0083 

Mean 0·0053 0·0047 0·0046 0·0053 0·0078 

Equation Order Al2 A21 D12 

Van Laar 0·2577 0·1313 
Margules 0·2297 0·1072 
Margules 4 0·2244 0·1003 -0·0195 
Wilson 0'3776 1·3760 
Alpha 2-1892 -0·1603 

calibration mixtures were expressed by the equation 

(1) 

where xl' X2 are mole fractions and nOI' n02 refractive indices of the pure compounds 1 and 2, 
resp., no is refractive index of the mixture and AI' A 2 , A3 are empirical constants determined 
from the experimental data by the least square method. The measured and calculated values 
of refractive indices together with the constants of the equation (1) are presented in Tables II - VI. 

Collection Czechoslov. Chern. Commun. IVo!' 361 (1971) 
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TABLE XIII 
Vapour-Liquid Equilibrium in the Acetone(1)-Benzene(2) System at 50°C 

Experimental values Deviation in vapour phase composition 

x y P, Torr Laar 3 Marg.3 Marg.4 Wils.2 Alpha 2 

0·0417 0·1282 299·42 0·0127 0·0077 0·0081 0·0129 - 0·0126 
0·1011 0'2661 335·56 0·0088 0·0057 0·0059 0·0089 - 0,0197 
0·1639 0·3585 363,75 0·0158 0·0156 0·0157 0·0158 - 0·0040 
0·2700 0·4921 411·55 0·0041 0·0060 0·0059 0·0041 - 0,0000 
0·3248 0·5487 432·92 -0·0014 0·0002 0'0001 -0·0014 - 0,0005 
0·3734 0·5878 449·12 0·0009 0·0018 0·0017 0·0009 0·0043 
0·4629 0·6564 . 477-91 0·0017 0·0013 0·0013 0·0017 0·0055 
0·5300 0·7039 500·32 0·0024 0·0012 0·0013 0'0024 0·0036 
0·5885 0·7410 517·09 0·0054 0·0039 0·0040 0'0054 0·0031 
0·7319 0·8305 551'16 0·0089 0·0083 0·0084 0·0088 -0·0037 
0·8437 0·9001 578'05 0·0079 0·0088 0·0088 0·0079 -0,0090 
0·9300 0·9492 596·00 0·0101 0·0113 0·0112 0·0101 -0'0027 

Mean 0·0067 0·0060 0·0060 0·0067 0·0057 

Equation Order A12 A21 D12 

Van Laar 0·2500 0'1252 
Margules 0·2205 0·1018 
Margules 4 0·2223 0·1041 0·0065 
Wilson 0·3766 1-3972 
Alpha 2·0722 -0'1507 

RESULTS 

The temperature dependence of vapour pressures of the pure compounds was 
correlated by means of the Antoine equation4 

log pO = A - BJ(t + C) , (2) 

where po is the vapour pressure (in Torr), t is temperature (OC) and A, B, Care 
constants determined by the least square method using the statistical weights5

• The 
comparison of the measured and calculate'd vapour pressures of acetone, methyl 
ethyl ketone, toluene and ethylbenzene is listed in Tables VII - X. The constants of 
the Antoine equation (2) for benzene of the given purity were taken from theliterature3

• 

Collection Czechoslov. Chem. Cornmun. /Voi. 36/ (1971) 
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TABLE XIV 

Vapour-Liquid Equilibrium in the Acetone(1)-Toluene(2) System at 35°C 

Experimental values Deviation in vapour phase composition 

x y P,Torr Laar 3 Marg_ 3 Marg_ 4 Wils_2 Alpha 2 

0-1469 0-6356 116-64 0-0160 0-0149 0-0078 0-0162 -0-0071 
0-1988 0-7164 135-77 -0-0039 - 0-0039 - 0-0045 - 0-0039 -0-0140 
0-2126 0-7201 141 -00 0-0053 0-0054 0-0058 0-0052 -0-0021 
0-2757 0-7775 161·79 -0-0045 -0-0041 -0-0012 -0-0046 - 0-0030 
0-3761 0-8273 190-85 -0-0006 - 0-0008 0-0015 - 0-0007 0-0066 
0-4541 0-8573 212-13 0-0010 0-0005 0-0008 0-0010 0-0082 
0-5234 0-8788 228-92 0-0035 0-0027 0-0014 0-0035 0-0085 
0-5821 0-8988 242-83 0-0016 0-0009 -0-0012 0-0016 0-0038 
0-6450 0-9132 258·76 0-0050 0-0044 0-0022 0-0050 0-0036 
0-7043 0-9306 271·76 0-0032 0-0029 0-0013 0-0032 -0-0019 
0-7519 0-9441 283-05 0-0016 0-0015 0-0007 0-0015 -0-0065 
0·8026 0-9548 295-1 4 0-0029 0-0031 0·0033 0-0028 -0-0080 
0·8578 0-9670 308·72 0·0032 0-0036 0·0048 0·0031 -0,0098 
0·9257 0·9823 325·54 0·0025 0-0029 0·0045 0·0025 - 0-0101 

Mean 0·0039 0-0037 0-0029 0-0039 0-0067 

Equation Orde.r Al2 A21 D12 

Van Laar 0-2898 0-1708 
Margules 0-2699 0·1478 
Margules 4 0·1873 0-0525 -0'2704 
Wilson 0-4103 1-2119 
Alpha 9-6339 -0-4204 

The mutual dependence of the equilibrium compositions of the liquid and vapour 
phases in a binary system is given by 

Y1 = [a12(x 1/xl )]/[1 + al i xl / X2)]' 

Yl = 1/[1 + an(x 1/x2)] , 

(3a) 

(3b) 

where Xl' Xl are the mole fractions of the components 1,2 in the liquid phase and 
YI, Y2 their mole fractions in the vapour phase. The relative volatility a12 is defined 
by the relation 

(4) 

Collection CzechosJov_ Chern_ Commun_ ZVoJ. 36/ (1971) 
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TABLE XV 

Vapour-Liquid Equilibrium in the Acetone(l)-Toluene(2) System at 45°C 
----~. --. 

Experimental values Deviation in vapour phase composition 
--------_._--- ---

x y P,Torr Laar 3 Marg.3 Marg.4 Wil s_ 2 Alpha 2 
--.-----.---.,~--~-. 

0·0367 0-2915 101 ·20 0·0225 0·0217 0-0123 0-0231 - 0·0133 
0-0688 0·4518 126·15 0·0062 0·0057 - 0,0016 0·0066 - 0'0284 
0·1421 0·6261 172·93 0·0040 0·0039 0·0024 0·0039 -- 0,0142 
0·2145 0·7201 211·70 - 0,0023 - 0'0022 - 0·0012 - 0·0024 - 0·0076 
0·2757 0'7684 240·74 - 0'0022 - 0'0022 - 0-0007 - 0-0023 - 0·0007 
0·3752 0·8197 281·79 0·0013 0·0010 0·0017 0-0013 0·0079 
0·4518 0·8498 311·60 0-0026 0·0022 0·0019 0-0027 0·0096 
0·5226 0·8760 338·25 0-0008 0·0004 - 0·0007 0·0009 0·0063 
0·5821 0·8927 357'29 0·0024 0·0020 0·0006 0·0025 0·0055 
0·6450 0·9115 382·07 0·0014 0·0011 - 0,0003 0·0015 0·0013 
0·7056 0·9285 400·69 0·0005 0·0003 - 0-0008 0·0005 - 0,0032 
0·7525 0·9403 416·94 0·0006 0·0005 - 0-0001 0·0006 - 0,0059 
0·8026 0·9516 434·40 0·0017 0·0017 0·0017 0·0017 - 0,0077 
0·8573 0·9649 453·99 0·0016 0·0017 0·0022 0·0016 - 0,0102 
0·9252 0·9813 479·03 0-0013 0·0014 0-0022 0·0012 0·0108 

Mean 0·0034 0·0032 0-0020 0·0035 0·0088 

-------

Equation Order A12 AI2 D12 

Van Laar 0·2661 0'2041 
Margules 0·2635 0·1960 
Margules 4 0-2359 0·1550 - 0·1137 
Wilson 0·5561 0·9693 
Alpha 9·3112 -0·3917 

and for the low pressure region the equation holds 

(5) 

where p?, P~ denote the vapour pressures of the pure components 1, 2 at a given 
temperature, YI' Y2 their activity coefficients and the symbol (*, g) indicates 
the ideal behaviour of vapour phase. The concentration dependence of the activity 
coefficients was expressed by the relations 

Collection Czechoslov. Chern. Cornmun. /Vol. 36/ (1971 ) 
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TABLE XVI 

Vapour-Liquid Equilibrium in the Acetone(1)-Toluene(2) System at 55°C 

Experimental values Deviation in vapour phase composition 

x y P,Torr Laar 3 Marg.3 Marg. 4 

0·0356 0-2774 149·49 0·0179 0·0159 0·0145 
0·0708 0·4479 187·40 0·0016 0·0002 - 0·0009 
0·1431 0·6139 252·35 0·0018 0·0015 0·0013 
0'2lO8 0·6979 303·09 0·0015 0·0017 0·0019 
0·2739 0·7513 346·29 0·0000 0·0003 0·0005 
0-3678 0-8062 403-87 - 0-0003 - -0-0002 - 0-0001 
0-4533 0-8418 450-67 0-0014 0-0012 0-0011 
0·5212 0-8675 486-20 0-0005 0-0002 0-0000 
0-5821 0-8855 514-28 0-0025 0-0021 0-0019 
0-6463 0-9066 549-94 0-0008 0-0005 0-0003 
0-7037 0-9203 575-73 0 -0034 0-0032 0-0030 
0-7537 0-9414 601-28 -0,0040 - 0-0041 -0-0042 
0-8032 0-9484 625-65 0-0021 0-0021 0-0021 
0-8567 0-9623 652-75 0-0020 0-0021 0·0022 
0·9257 0-9766 688-43 0-0050 0-0052 0·0053 

Mean 0-0030 0·0027 0·0026 

Equation Order A12 AZl 

Van Laar 0·2725 0·1981 
Margules 3 0·2664 0·1894 
Margules 4 0·2623 0·1835 
Wilson 0'5219 1·0171 
Alpha 8·5720 -0·3842 

van Laar 3rd order6 ,8 

log Yl = A12X~/[Xl(A12/Azl) + xz]Z, 

log Yz = AZ1xU[xiAzl/A12) + x1]Z, 

< Margules 3rd order8
•
9 

Wils.2 

0·0186 
0·0021 
0·0018 
0·0014 

-0·0001 
-0-0003 

0-0015 
0-0006 
0·0026 
0-0009 
0-0035 

-0-0040 
0·0020 
0-0019 
0-0050 

0-0031 

D lZ 

-0-0166 

log (Ylj}'2) = x~A12 - xiAzl - 2X1Xi A 12 - AZ1)' 

Margules 4th order8
•
9 

Alpha 2 

-0·0199 
-0'0354 
-0'0180 
-0·0049 

0·0015 
0-0069 
0-0092 
0-0067 
0·0061 
0-0008 

- 0-0002 
-0-0108 
- 0-0077 
-0-0102 
-0-0072 

0·0097 

(6a) 

(6b) 

(7) 

log (Yl/Y2) = X~A12 - xiA21 - 2x1xZ[(A 12 - A21 + (X2 - Xl) D12] , (8) 
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TABLE XVII 

Vapour- Liquid Equilibrium in the Benzene(1)-Methyl Ethyl Ketone(2) System at 40°C 

Experimental values Deviation in vapour phase composition 
--- ----_._----- .• 

x y P,Torr Laar 3 Marg.3 Marg. 4 Wils . 2 Alpha 2 
---- -----_._--_ .. -

0·0597 0·0723 179·33 - 0,0055 - 0·0084 - 0,0061 - 0,0060 - 0·0011 
0·1201 0·1386 180·78 - 0'0058 - 0·0091 - 0'0070 -- 0,0065 0·0007 
0·1830 0·2023 182·68 - 0·0023 - 0·0044 - 0'0037 - 0'0029 0·0044 
0·2391 0·2583 183-80 0·0003 - 0·0004 - 0·0010 - 0,0001 0·0059 
0·2959 0·3201 184·91 - 0·0034 - 0'0028 - 0·0043 - 0,0035 0·0005 
0·3659 0'3891 187·12 - 0,0025 - 0·0011 - 0,0027 - 0'0024 - 0,001 2 
0·4289 0·4504 187·57 - 0,0025 - 0,0012 - 0,0023 -- 0'0022 - 0·0033 
0·4752 0·4917 188·01 0·0004 0·0011 0·0007 0·0006 -- 0'0017 
0·5483 0·5606 188·78 -0,0002 - 0,0012 - 0,0004 - 0,0003 - 0·0034 
0·6047 0·6120 188·89 - 0,0000 - 0·0024 - 0,0009 - 0·0004 - 0·0031 
0·6615 0·6623 189·11 0·0008 - 0,0028 - 0,0011 - 0,0001 - 0,0009 

0·7171 0·7131 189·22 -0,0006 - 0'0046 - 0,0033 - 0,0018 0·0002 
0·7843 0·7747 191·31 -0·0026 - 0,0056 - 0,0055 -0,0039 0·0026 
0·8516 0·8382 188·01 - 0'0054 -0,0051 -0·0067 - 0,0060 0·0053 
0·9197 0·9080 185'35 -0,0089 -0·0043 -0,0070 -0,0080 0·0052 

Mean 0·0027 0·0036 0·0035 0·0030 0·0026 

Equation Order A12 A21 DI2 

Van Laar 0·0519 0·2092 
Margules 0·0208 0·1221 
Margules 4 0·0494 0·1511 0·0865 
Wilson 1·8235 0'2912 
Alpha 0·2304 0·1188 

Wilsonlo 

In (1'1/1'2) = In (xz + A 21 XI )/(X l + A 12 x2) + Al2/(xl + x2Au) + 
- Azd(XIA21 + xz), (9) 

and expansion of relative volatility 2nd order1
•
11 

( 10) 

where A 12 , A21 , D12 are constants characteristic for the given binary mixture and 
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TABLE XVIII 

Vapour- Liquid Equilibrium in the Benzene(I)-Methyl Ethyl Ketone(2) System at 50°C 
--~-~-~~-~ 

Experimental values Deviation in vapour phase composition 
-----_._----------------- - -... ------~-----.-~--~-~---.-.---~-.--.-

y P, Torr Laar 3 Marg.3 Marg.4 Wils. 2 Alpha 2 

0·0597 0·0706 269·24 - 0,0046 - 0·0076 - -0·0061 -- 0,0051 0·0001 
0·1210 0'1369 270·86 - 0,0045 - 0,0079 -0,0065 - 0,0052 0·0024 
0·1830 0·2023 273·36 - 0·0041 -0,0064 - 0,0059 - 0,0047 0·0030 
0·2400 0·2592 275·15 - 0·0018 -0·0026 ·- 0,0030 -0·0022 0·0043 
0·2959 0·3201 277-34 -0,0058 -0·0052 - 0·0062 - 0,0059 -0,0013 
0·3659 0·3875 278·85 -0'0034 - 0·0020 - 0,0031 -0,0033 -0·0016 
0·4289 0·4463 279·88 - 0·0009 0·0003 - 0,0003 -0·0007 -0,0013 
0·4752 0·4892 "280'40 0·0005 0·0010 0·0008 0·0005 - 0,0013 
0·5483 0·5573 281-44 0·0008 - 0·0004 0·0001 0·0006 -0·0022 
0·6039 0·6079 281·44 0·0013 -0,0015 -0,0005 0·0006 - 0·0017 
0·6615 0·6615 281·87 - 0·0003 - 0·0044 -0,0033 -0,0015 - 0,0020 
0·7171 0·7115 281·78 - 0·0007 -0,0053 -0,0044 - 0,0023 0·0001 
0·7835 0·7731 280·56 -0,0034 - 0·0068 -0·0068 -0·0051 0·0021 
0·8500 0·8366 278·64 -0,0069 - 0·0069 - 0·0080 -0·0078 0·0042 
0·9189 0·9072 276·09 -0·0106 - 0,0056 -0·0074 - 0,0096 0·0045 

Mean 0·0033 0·0043 0·0042 0·0037 0·0021 

Equation Order AI2 A21 D12 

Van Laar 0·0516 0·2224 
Margules 0·0192 0·1237 
Margules 4 0·0383 0·1430 0·0575 
Wilson 1·8401 0·2828 
Alpha 0·2207 0·1274 

evaluated by means of the weighted least square method for the correlation equation 

(11) 

The statistical weight was calculated by the relation 12 

The comparison of the experimental and calculated vapour-liquid equi.librium data 
is summarized in Tables XI - XXV. 
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TABLE XIX 

Vapour-Liquid Equilibrium in the Benzene( l)- Methyl Ethyl Ketone(2) System a t 60°C 

Experimental values Deviation in vapour phase composition 
------------

y P, Torr Laar 3 Marg_ 3 Marg_ 4 Wils_ 2 Alpha 2 
------_._----_.-----------_ .. _ --

0-0597 0-0697 395-79 - 0-0042 - 0-0069 - 0-0051 - 0-0046 0-0005 
0-1201 0-1344 398-45 - 0-0039 - 0-0069 - 0-0054 - 0-0045 0-0028 
0-1830 0-2014 402-85 -'- 0-0047 - 0-0067 - 0-0061 -- 0-0052 0-0022 
0-2391 0-2575 404-31 - 0-0030 -- 0-0036 - 0-0040 - 0-0033 0-0029 
0-2968 0-3168 407-50 - 0-0039 - 0-0033 - 0-0044 - 0-0040 0-0002 
0-3667 0-3842 409 -24 - 0-0022 - 0-0008 - 0-0021 - 0-0021 - 0-0006 
0-4289 0-4413 410-11 0-0009 0-0021 0-0012 0-0011 0-0003 
0-4752 0-4867 410-68 - 0-0005 0-0000 - 0-0003 - 0-0004 - 0-0024 
0-5483 0-5557 412-12 - 0-0013 - 0-0024 - 0-0018 - 0-0015 - 0-0044 
0-6039 0-6055 410-83 - 0-0002 - 0-0027 - 0-0016 - 0-0008 - 0-0031 
0-6615 0-6558 411-55 0-0015 - 0-0021 - 0-0008 0-0005 - 0-0000 
0-7171 0-7075 411 -26 - 0-0005 -0-0044 - 0-0034 - 0-0017 0-0006 
0-7843 0-7708 408-96 - 0-0036 - 0-0064 - 0-0063 - 0-0049 0-0020 
0-8516 0-8358 406-64 -- 0-0068 -- 0-0065 - 0-0077 - 0-0074 0-0041 
0-9189 0-9049 402-28 -- 0-0090 - 0-0044 - 0-0066 - 0-0081 0-0052 

Mean 0-0031 0-0039 0-0038 0-0033 0-0021 

Equation Order Al2 A2l DJ2 

Van Laar 0-0534 0-2051 
Margules 0-0239 0-1235 
Margules 4 0-0461 0-1458 0-0666 
Wilson 1-8008 0-2988 
Alpha 0-2116 0-1502 
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TABLE XX 

Vapour-Liquid Equilibrium in the Methyl Ethyl Ketone(1)-Toluene(2) System at 55°C 

Experimental values Deviation in vapour phase composition 

x y P,Torr Laar 3 Marg.3 Marg.4 Wils.2 Alpha 2 

'0''0565 '0·1861 129'71 '0''0'058 '0''0035 '0''0'019 '0·0059 -'0''0156 
'0'1421 '0·3668 153·46 '0·0072 '0''0'064 '0·0056 '0·0072 -'0''0113 
'0·2293 '0·4948 175·5'0 '0·0022 '0''0'026 '0·0027 '0''0'022 - '0''0'057 
'0·2933 '0,566'0 19'0,29 '0''0'0'06 '0·'0'011 '0''0'014 '0''0'0'05 -'0''0'01'0 
'0·3488 '0·6174 2'02,24 '0''0'0'06 '0''001'0 '0''0'013 '0''0'0'06 '0''0'029 
'0,4'059 '0·6646 213031 '0''0'0'03 '0''0'0'04 '0''0'0'06 '0·'0'003 '0''0'047 
'0,5'017 '0'7347 231·24 -'0''0'0'08 -'0''0'012 -'0''0'014 -'0·'0'0'08 '0''0'038 
'0·5660 '0·7744 243·93 '0''0'0'09 '0,'0'0'03 -0,'0'0'0'0 '0''0'0'09 '0''0'039 
'0·6231 '0,8'075 253·78 '0''0'021 '0''0'015 '0''0011 '0''0'021 '0''0'028 
'0·6791 '0·8386 263-63 '0''0'027 '0·'0'023 '0''0'02'0 '0''0'027 '0''0'0'08 
'0·7456 '0·8738 275·72 '0·0034 '0''0'033 '0''0'031 '0'0034 - '0''0'016 
'0'8'06'0 '0,9'071 287'21 '0''0'011 '0''0'013 '0·0013 '0,001'0 -'0''0'062 
'0'87'08 '0,937'0 297'48 '0'003'0 '0·0035 '0''0'037 '0''0'03'0 -'0''0'052 
'0·9319 '0·9673 3'08,54 '0'0016 '0·0021 '0''0'024 '0·0016 -'0''0'05'0 

Mean 0·0023 0·0022 0·0021 0·0023 0·0050 

Equation Order A12 A21 D12 

Van Laar '0,175'0 '0'1'057 
Margules '0,163'0 '0''0944 ' ....... " 

Margules 4 '0'1556 '0''0858 -'0''0239 
Wilson '0'4956 1·2978 
Alpha 2 2·4952 -'0,3993 
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TABLE XXI 

Vapour-Liquid Equilibrium in the Methyl Ethyl Ketone(l)-Toluene(2) System at 65°C 

Experimental values Deviation in vapour phase composition 

y P,Torr Laar 3 Marg.3 Marg.4 Wils.2 Alpha 2 

--------

0·0575 0'1842 193 ·60 0·0068 0·0038 0·0034 0·0069 - 0 '0164 
0·1441 0·3641 228·31 0·0063 0·0052 0·0051 0·0063 - 0,0136 

0·2303 0·4879 259·20 0·0019 0·0024 0·0024 0·0019 - -0,0068 
0·2933 0·5559 278·24 0·0020 0·0028 0·0029 0·0020 - 0·0001 
0·3470 0·6075 294'54 0·0005 0·0011 0·0012 0·0005 0·0023 
0·4024 0·6541 309·88 0·0001 0·0003 0·0004 0·0001 0·0041 
0·4646 0·7015 327·19 - 0,0005 - 0,0006 - 0·0006 - 0,0005 0·0043 
0·5017 0·7268 336·88 0·0002 -- 0,0001 - 0'0002 0·0002 0'0046 
0·5652 0·7682 354·53 0·0006 0·0000 - 0·0000 0·0006 0·0033 
0·6231 0·8044 369-63 0·0001 -0,0005 -0,0006 0·0001 0·0003 
0·6799 0·8341 383-90 0·0035 0·0030 0·0030 0·0035 0·0010 
0·7441 0·8694 399·24 0·0037 0·0036 0·0036 0·0037 - 0·0018 
0·8060 0·9035 414·02 0·0023 0·0026 0'0026 0·0023 - 0,0055 

0·8708 0·9363 431·77 0'0022 0·0028 0·0028 0·0022 - 0·0064 
0·9312 0·9658 446·09 0·0020 0·0026 0·0027 0·0020 - 0·0049 

Mean 0·0022 0·0021 0·0021 0·0022 0·0050 

Equation Order A12 A21 D12 

Van Laar 0·1812 0·1024 
Margules 3 0·1650 0·0890 
Margules 4 0·1634 0·0872 - 0·0051 
Wilson 0·4637 1·3504 
Alpha 2·3680 -0'3866 
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TABLE XXII 

Vapour- Liquid Equilibrium in the Methyl Ethyl Ketone(I)- Toluene(2) System at 75°C 

- Experimental values Deviation in vapour phase composition 

y P, Torr Laar 3 Marg_ 3 Marg. 4 Wils.2 Alpha 2 
- ---".,.--------..• ------~-- .. --

0·0575 0·1747 438-03 0·0097 0·0068 0·0067 0·0097 -0-0119 
0·1450 0-3560 327·75 0·0068 0·0059 0·0058 0·0068 - 0,0120 
0-2284 0·4759 369·03 0·0029 0·0034 0-0034 0·0029 - 0,0059 
0-2942 0-5500 399-45 0·0008 0·0016 0·0016 0·0008 -0·0015 
0·3479 0·5993 421-30 0·0022 0-0028 0-0028 0 ·0022 0·0035 
0 '4024 0·6484 443 ·67 - 0,0008 - 0,0005 - 0-0005 - 0,0008 0·0027 
0'4629 0·6935 465 ' 10 0·0006 0-0005 0·0005 0-0006 0·0047 
0·5017 0'7221 480·80 - 0,0002 - 0-0006 - 0,0006 - 0,0002 0·0035 
0·5668 0'7659 504·29 - 0-0004 - 0,0010 - 0-0010 -0,0004 0·0016 
0·6215 0-7968 523·80 0·0030 0-0025 0-0024 0·0030 0·0029 
0·6799 0·8295 543-11 0·0051 0·0046 0·0046 0·0051 0·0023 
0·7441 0·8716 568-98 - 0,0008 - 0,0009 - 0-0009 - 0·0008 - 0,0064 
0·8060 0'9013 588·61 0·0028 0·0030 0·0030 0-0028 - 0·0049 
0-8716 0·9319 611·12 0·0059 0·0065 0·0065 0·0059 - 0,0025 
0-9319 0·9651 631·44 0·0025 0·0031 0-0031 0-0025 -0-0042 

Mean 0·0030 0·0029 0·0029 0·0030 0·0047 

Equation Or.der A12 A21 D12 

Van Laar 0·1727 0·0977 
Margules 0-1572 0·0850 
Margules 0·1568 0-0845 -0-0015 
Wilson 0'4700 1-3569 
Alpha 2·2449 - 0·3851 

---~-------- ------ .--- ~ 
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TABLE XXIII 

Vapour- Liquid Equilibrium in the Methyl Ethyl Ketone(1)-Ethylbenzene(2) System at 55°C 

Experimental values Deviation in vapour phase composition 

x y P, Torr Laar 3 Marg_ 3 Marg_ 4 Wils_ 2 Alpha 2 

0-0691 0-4218 50-80 0-0068 0-0065 0-0030 0-0069 - 0-0125 
0-0940 0-5097 69-10 - 0-0038 - 0-0039 - 0-0062 -0-0037 - 0-0199 
0-1183 0-5570 88-19 0·0072 0-0072 0-0060 0-0073 -0-0055 
0-1791 0-6655 108·79 0-0006 0-0007 0-0012 0-0006 -0-0044 
0-2393 0-7303 128·58 0-0019 0-0020 0-0030 0-0019 0-0021 
0-3175 0-7915 150·51 0-0002 0-0001 0-0008 0-0001 0-0040 
0-4164 0-8451 178-01 - 0-0009 - 0-0011 -0-0012 - 0-0009 0-0037 
0-5115 0-8803 202-40 0-0014 0-0011 0-0003 0-0014 0-0044 
0-5881 0-9037 220·79 0-0027 0-0024 0-0014 0-0027 0-0032 
0-6759 0-9280 241·87 0-0026 0-0025 0-0016 0-0026 - 0·0003 
0-7553 0-9467 259-36 0-0033 0-0032 0-0028 0-0033 - 0-0028 
0-8176 0-9606 274-31 0-0033 0-0033 0-0033 0-0033 -0-0049 
0-8917 0-9762 292·93 0-0031 0·0031 0-0035 0·0030 -0-0061 
0-9441 0-9885 305-63 0-0010 0-0011 0-0015 0-0010 -0-0066 

Mean 0-0028 0-0027 0-0026 0-0028 0-0057 

Equation Order A12 A21 D12 

Van Laar 0-1687 0-1291 
Margules 0-1670 0-1241 
Margules 4 0-1525 0-0974 -0-0715 
Wilson 2 0-6268 1-0776 
Alpha 2 8-5582 -0-5723 
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TABLE XXIV 

Vapour-Liquid Equilibrium in the Methyl Ethyl Ketone(1)-Ethylbenzene(2) System at 65°C 

Experimental values Deviation in vapour phase composition 

x y P, Torr Laar 3 Marg. 3 Marg. 4 Wils.2 Alpha 2 

0·0221 0'1697 79·84 0·0106 0·0105 0·0058 0·0107 - 0,0042 
0·0353 0'2592 87·87 0·0011 0·0010 -0,0043 0'0012 - 0,0169 
0'0529 0'3404 97-65 0·0053 0·0052 0·0004 0·0054 - 0'0138 
0·0714 0'4109 107-17 0·0061 0'0061 0·0021 0·0061 - 0·0121 
0'1172 0·5399 132·17 0'0025 0·0026 0·0013 0·0025 - 0'0104 
0·1801 0'6479 161 '68 0·0023 0·0024 0·0032 0·0023 - 0'0032 
0·2383 0·7142 187-87 0·0021 0·0021 0·0034 0·0020 0·0014 
0·3175 0·7791 221'18 0·0001 - 0·0000 0·0009 0·0001 0·0030 
0·4127 0·8325 259'08 0·0001 - 0,0002 -0'0004 0·0001 0·0040 
0·5097 0·8721 294'01 0·0011 0·0008 -0,0004 0'0011 0·0034 
0·5881 0·8964 321·38 0·0035 0·0033 0·0018 0·0036 0·0034 
0'6751 0·9222 350·63 0·0032 0·0031 0·0018 0·0033 - 0·0002 
0·7530 0·9416 376'40 0·0041 0·0040 0·0034 0·0041 - 0,0025 
0·8183 0·9562 398·52 0·0051 0·0051 0·0051 0·0051 -0·0037 
0·8924 0·9744 423·72 0·0034 0·0034 0·0040 0·0033 -0·0062 
0·9454 0·9879 443-49 0·0010 0·0011 0·0016 0·0010 -0·0067 

Mean 0'0032 0·0032 0·0025 0·0032 0·0059 

Equation Order Al2 A21 D12 

Van Laar 0·1652 0·1312 
Margules 0·1646 0'1266 
Margules 4 0·1467 0·0912 -0'0932 
Wilson 2 0·6533 1'0443 
Alpha 2 7·8433 - 0,5568 
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TABLE XXV 

Vapour-Liquid Equilibrium in the Methyl Ethyl Ketone(1)-Ethylbenzene(2) System at 75°C 

Experimental values Deviation in vapour phase composition 

x y P, Torr Laar 3 Marg.3 Marg.4 Wi Is. 2 Alpha 2 
--_._------ -------- _ .. 

0·0221 0·1591 119·79 0·0141 0·0132 0·0137 0·0143 - 0'0044 
0·0353 0·2493 134·68 0·0013 0·0003 0·0008 0·0015 - 0·0216 
0·0552 0·3280 145·46 0·0154 0·0144 0·0149 0'0155 - 0,0094 
0·0714 0·4018 160·60 0·0018 0·0010 0·0014 0·0019 - 0,0223 
0'1812 0·6333 234·66 0·0032 0·0033 0·0032 0'0031 - 0,0057 
0·2383 0·7002 271·80 0·0015 0·0018 0·0017 0·0015 -0,0013 
0·3137 0·7605 313-90 0·0031 0·0032 0 ·0031 0·0031 0·0049 
0·4109 0·8190 367·54 0·0017 0·0017 0·0017 0·0018 0·0054 
0·5080 0·8625 416·80 0·0012 0·0010 0·0011 0·0013 0·0036 
0·5856 0·8904 454·51 0·0016 0·0014 0·0015 0·001 6 0·0015 
0·6703 0·9156 495·78 0·0031 0·0030 0·0031 0·0032 -0·0004 
0·7523 0·9384 532·94 0·0033 0·0032 0·0033 0·0033 -0·0037 
0·8176 0·9537 563·67 0·0047 0·0048 0·0048 0·0047 -0'0044 
0·8911 0·9693 599·23 0·0067 0·0068 0·0067 0·0067 - 0·0033 
0·9460 0·9818 626·76 0·0066 0'0066 0·0066 0·0065 - 0·0013 

Mean 0·0046 0·0044 0·0045 0·0047 0·0062 

Equation Order AI2 A21 DI2 

Van Laar 0·1755 0'1271 
Margules 0·1718 0·1217 
Margules 4 0·1737 0·1251 0·0091 
Wilson 0·5885 1·1247 
Alpha 7·1555 - 0·5476 
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