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Pennsylvania. To prevent corrosion by the thermostat liquid the

temperature sen.sor l¡/as a therrnistor sheathed ín staínless steel and

the heating element i,¡as encased in non-corrosive "Nickel-Chrome-Iron"

alloy. The temperature vras measured using a multiple junction copper

constant,an thermocouple in conjunction r¿ith a Tinsley vermier

potentíometer (Type 43634) measuríng to a mícrovolt for the emf

measurements. The thermocouple was calíbrated with the standard

temperatures of the ice point, steam point, meltÍng poínts of tín,

bismuth and cadmium with the cold junctÍon Ín a bath of melting ice.

The thermostat liquid was Dow corning silicone oil 550 up ro

a temperature of 225oc and a eutectic mÍxture of potassium, sodiurn

and tithium nitrates l¡/as used for temperatures higher than 2250C. When

using the fused salt bath the glass container had to be changed every

month or so because of corrosion. The temperature control was better

than t0.03oC up to 225oC and t0.03oc above thar.

IV. Measurement of Vapor-Liguid Compositions

In the measurement of vapor-liquid equilibrium compositions one

is interested in separating the vapor and liquíd phases and determÍning

their compositíons at equÍlibrium. This can be achieved by the following

methods (a)Distillation Method, (b)Círculation Method, (c)Staric Method,

(d)Dew and Bubble Point Method and., (e)plor¿ Method.

r used the static method, which is very satisfactory at high

pressures and temperatures, in my study of the three binaries. The

apparatus used is shown in Figure vr. The cylindrical glass bomb,

16 cms. long and 5 cms díameter, made from thick wa11ed pyrex vras

divlded i.nto two compartments by a ring seal such that the upper
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FIGURE VI. Sectional View of the Glass and Metal Bombs for
Vapor-Liquid Equilibrir¡n ComposÍ-tion Determination.
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compartment T,{as twiie as large as the lower one. The liquíd could

ínitial1y be íntroduced into the lower compartment through the centre

tube. The ring seal had vents through v¡hich the vapor could escape to

the upper compartment. These vents were bent so that there \,/as no

possibí1ity of the condensed vapor mixing with the liquid phase.

A sample of about 30 nl volume, whose compositíon was made up

by weÍghing, rras íntroduced into the lower compartment and f.roze¡-

using liquid nitrogen. The centre tube was attached to the vacuum

pump and the glass bomb iuas evacuated. After a couple of hours the

centre tube was sealed off so that a closed system was obtained.

The bomb was allowed to \¡/arm up to room temperature and then placed

ín a metal container r¿hich had a glass sleeve, containing some of the

sample, ín the inside. This was done so that the pressure inside the

glass bomb could be equalised by the outside pressure and hence

prevent explosÍon. The glass sleeve was used because the organic

materials underwent extensive decompositíon when heated, with the metal.

The metal contaíner had a screür cap which fitted tightly on

the cylinder. To gec a very good seal a copper o ríng was used between

the cap and the collar of the cylinder. The Allenhead bolts were

then screwed dov¡n so that the 0 ring sat tíghtly on the groove made

on the collar of the cylinder. A pressure-tj-ght system was thus

obtained.

The metal container was then attached to a shaking device and

lowered into the thermostat whÍch was kept at a required temperature.

The shaking device is shown in Fígure vrr. rt consists of a powerful

moËor mounted j-n a horizontal position and bearing on its shaft an
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FIGIIRE VII. The Metal Bomb in the Hieh

Shaking Mechanísm.

Temperature Bath with the
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eccentric cam A whích rvas in turn mounted on another eccentric annular

disk B. The dísk B consisted of a thrusË bearing C mounted inside an

al-umÍnium col-lar whÍch had an annular aluminíumcover D restíns on the

thrust bearing and overhanging the outside of the collar. The metal

extension E of the metal contaÍner protruding upwards vras scre\^/ed on

to an aluminium disk F which fitted and rested on the annular aluminÍum

aluminíum disk B of the shaker. The whole apparatus was kept

immersed in the thermostat and shaken for twelve hours to allow

equilÍbratíon.

The bomb was then removed from the bath and immediately chilled

usíng a mixture of ice and water. The cap vras taken off and Ëhe glass

bomb removed and chilled in cold \,/ater. The vapor condensed on the

wal-fs of the bomb and collected over the ring seal. The seal on the

stem of the bomb rvas broken and the lÍquid and vapor phases r¿ere

wíLhdrawn from the lower and uppercompartments respectively using

separate syri-nges. The two phases \¡/ere then analysed using an Abbe

refractometer maintained at 25.00oC.

V. Measurement of Vapor Pressure

I used a closed manometer, whose operation is based on the

compression of a knovm volume of air, to determine the vapor pressure

of the three bÍnary systems over the whole concentration range. The

apparatus is shown Ín Fígure vrrr. The section of the manometer

containing the bulb A was made of thick 3 mm diameter capillarv tube

and the rest of the apparatus r¡ras 1mm díameter capillary.

The tube c, around 80 cms 1ong, was íníiia11y calibrated every

l cm along its entire length. The calibration r^ras carried ouË at
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FIGURE VIII. Mercurv-Air Manometer.





o)

25.00oC using pure distilled meïcury. Bulb A and about 12 cms of

3 mm interval diameter capillary on each side of it were Ëhen calibrated

so that the volume of vapor and the voh¡ne of 1íquid could be measured.

The two tubes were then joíned taking care to avoíd much distortíon in

Ëhe g1ass.

Pure mercury \^ras added to the mariomeËer Ín such a \,ray that bulb

A was filled. The apparatus was then attached at both ends to the

vacuum pump and the mercury rÁias r¿armed slowly so that all entrapped

air could be removed. The manometer v/as tapped líght1y to help the

degassing process.

A sample of known composítion üras then vacuum distilled on top

of the mercury in bulb A by the process descrÍbed earlier. The

mercury and the sample vrere then frozen using liquíd nítrogen and

evacuated. The process of freezíng-pumþíng and thawing was continued

until all resídua1 aÍr had been expelled. The top of the 3 mm tube

was sealed off while the sample \^7as stil1 f.rozen. The whole manometer

was thendísconnected from the pump and allowed to \^/ann up when the

mercury would push the liquid up to the end of the Ëube. The end of

C was then sealed off and the atmospherie pressure vras read. The

volume of air in C under atmospheri-c pressure and at a temperature of

25oC (tube C was enclosed Ín a glass mantle which was kept at 25.00oC)

was obËained using a cathethometer accurate to 0.05 cn.

The apparaËus \^ias thenplaced in the high temperature bath making

sure that the 3 mm Ëube was completely immersed. The thermostat con-

tai-níng silícone fluid 550 was initially kept at 100og and írs temperarure

was raísed to about 5 degree intervals after each readÍng. The
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salt bath kept initíally at 200oC ivas used for the temperature range

200oC to 2B0oC. The volume of vapor, volume of 1íquíd and volume of

air in C r,vere read usíng a cathethometer. Van der l^laals I equation

was used to calculate the pressure froni the compressed volume of air.

The correct vapor pressure was obtained by adding to the calculated

pressure, the hydrostatic pressure of the mercury column. It has

been shown (80) that the van der trnlaalsr equation is quíte satisfactory

to calculate the vaDor Ðressure.

Thirtv mi.nutes were allowed for establishment of eclrrilibrium-- - --*- -J

I could not allow more time because the samples decomposed on heatíng.

Two sets of experiments !üere carried out. The temperature \.^ras raised

from 100oC to 190oC in one set and usíng a completely separate filling

the temperature was raised from 200oC to 2B0oC for the other set. It

\.^/as assumed throughout this work that the composition of the liquid díd

not change appreciably as the temperature was raised. The vapor phase

was always much smaller than the líquíd phase.
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CHAPTER IV

EXPERIMENTAL RESULTS

I. Critical Temperature

I. (A) Pure Líquids

The temperature at r¿hich the menÍscus disappears (that is, the

mean of the temperatures at whicir the meniscus disappears and reappears)

has been obtaíned for each pure liquíd. They are gÍven belorv in

Table III. The uncertainty of the measurements is t0.loc.

TABLE II]

Critícal Temperature of the Pure Li,quíds

Subs tanceCritícal Temperature (oC)

Acetone 235.0

Carbon Tetrachloride 283.2

Benzene 288.0

Chlor:of orm 263.2

I (B) The Systein Acetone-Chlo_roforrn

The gas liquid crítical temperatures for this bÍnary system have

been determíned over the r¿hole concentratíon range. The results are given

Ín Table IV,

Figure IX represents the variation of the critícal temperature

with composition in mole per cent. It was observed that chloroform and

mÍxtures havíng relatively high chloroform content developed a yellowísh

color on prolonged heating. For this reason the Lubes containing these

mixtures rvere introduced ín the bath when the temperaEure was only a few
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TABLE ]V

Gas Liquid Crítical Temperatures of the System Acetone-Chloroform

Conposítion of the Mixture
Experimental Crítica1

Temperature (oC) I4oLe % AcetoneIlole % Chloroform

100

95.98

86 .50

76.94

70.60

60 .57

53.00

39. 85

22.50

7.7L

0

0

4.02

13.50

¿5.UO

29 .40

39 .43

47 .00

60. 15

77.50

92.29

r00

235 .0

236.50

239.70

243.05

245.00

248.75

249.7s

251.s0

26r.05

263.20
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FIGURE IX. Gas-Liquid Critical Temperatures of fhe Acetone-

Chloroform System as a Function of Mole percent
Chloroform.



'/
-./

'/

./

T
M

(C
)

./

M
0Lti a/o C

H
C

L3

'./

'/

7
v



70

degrees from the critical poínt.

I (C) The Systern Acetone-Carbon Tetrachloride

The gas líquid crítical temperatures of this bínary system are

gÍ-ven in Table V. The data are plotted in Figure X.

TABLE V

Gas Liquid Critical Temperatures of the System Acetone-Carbon Tetrachloride

Composútion of the l'{ixture

MoIe Z Acetone NIoLe '/" CCI;.

Experímental Critical
Temperature (oC)

6"50

72.50

20.90

27.60

39 .50

52.90

64 .50

78.20

95.25

100

100

o? \n

87.50

79.r0

72.40

60.50

47.r0

35 .50

2I.BO

ô

283.20

279.50

276.40

27 L.7 0

268.40

¿o¿.)u

255.60

249 .90

243.55

236.65

235.0

I (D) The System Benzene-Carbon Tetrachloride

The gas liquíd critical temperatures of this bínary system have

been obtained for the whole concentration range. The results are given

in Table VI, and Figure XI represents the variation of the critical

points r,¡i-th composition.
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FIGURE X. Gas-Liquíd Critical Temperatures of the AceËone-Carbon

TeËrachloride System as a Funct.ion of Mole percent

AceËone.
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TABLE VI

Gas Liquíd CritÍcal Temperatures of Ëhe System Benzene-Carbon Tetrachloride

Composítíon of the Mixture

MoIe Z CCIOl4ole % C.H. oo
Experimental Critical

Temperature ("C)

0

qoô

16.25

26 .40

38.22

47.33

56 .00

76.50

90.42

100

100

94.r0
83. 75

73.60

6I.78
52 .67

44.00

23.50

9.58

0

288. 0

287.4

286.9

286.5

285.7

285.3

285.0

283.9

283.s

283.2
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FIGIIRE XI. Gas-Liquid Crítical Temperatures of the Benzene-Carbon

Tetrachloride System as a Function of Mole percent

Carbon TeËrachloride"
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II. Vapor Líquid Equilíbrium Compositions

II (A) The System Acetone-Cirloroform

The vapor liquíd equílibrium compositions of the binary system

Acetone-Chloroform have been determined at 1000 , l50o , 1600, 1700

and 180oC. As mentioned earlíer this binarv svstem could not be

studied at hígher temperatures because of decomposÍtion. The

resufts are given in Table VII, and the data are plotted in Figures

XII, XIII, XIV, XV and XVI.



TABLE VII

Experímental Vapor Líquid Equílibríum Compositions of the System

Acetone-Chloroform at Different Isotherms

75

TloLe "A Acetone
l-!r Lrlluru

\[,o7e "/" Acetone
in Vapor

Mole Z Acetone
ln t.tñrrtñ
-_' --a---

l|oLe % Acetone
í-n Vapor

15 5

)1 t
29 .6

46.2

54 .8
63. B

ar. oo

') (\

o/,
16 .6
?q n

31. 1

3B. s

51. 5
60. 5

70.0
77 .5
85. s

T = 100oC
L3 .4
17. B

26.8
?< /,

51.5
61.5
Á?o
7 4.2
83. 5
93.22

150oc
1.0
6.L

73.4
ôô / ¿¿.o
,oa
39 .5
4s .4
56.0
6s.0
7q q

84.0
89.s

1600C
6.4

17 .6
2r.0
31. 5
33. 0
4r.4
44.9
q? /,

75. 8
85.B

9.2
1q n

18.9

28.7
31. 9

JO.J
37 "B
45 .4
50 .6
59 .6
70.6

1700C
7.2

14. 8
17 .o
23 .5
29.r
34. 0
39 .0
40. 8
51. 0
J I .V

66.2
76.8

lB0oc

J.O
'7q

1? ?

23.0
32.4
44.4
52.9
60. 0
68.4
75.2
84. B

92.r

T-

¡rl-

rT, 
-

4.6
a/,

14.4
2r.6
)o ?

39. B

46 .4
53.0
60.1
68.0
78. 1
87 .4

19.2
23.2
?oa
?1 A

38.4
40. 8

46 .0
67 .4
79.2
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FIGIIRE XII. Vapor-Liquíd Equilibrir¡n Composítíon Curve of Ëhe

System Acetone-Chloroform at 100oC.
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FIGIIRE XIII. Vapor-Líquid Equilíbríum Compositíon Curve of
the System AceËone-Chloroform at 150oC.
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FIGURE XIV. Vapor-Líquid Equilíbrium Composition Curve of the

System Acetone-Chloroform at 160oC.
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FIGURE XV. Vapor-Liquid Equilibrirmr Composition Curve of the
System AceËone-Chloroform at 170oC.
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FIGIIRE XVI. Vapor-Liquíd Equilíbrium Composition Curve of the

System Acetone-Chloroform at 180oC"
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/ñ\ II (B) The System Acetone-Carbon Tetrachloride

The vapor liquÍd equilibríum composítions of this binary system

have been d.etermined at 1000, 1500,2000,2500 arrd.27OoC. The dara,

shoi,'¡n ín Table VIII are plotted in Fígures XVII, XVIII , XIX, XX and

XXI.
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FIGIIRE XVII. Vapor-Liquid Equilibrium ComposiËíon Curve of the

System Acetone-Carbon Tetrachlorid.e at 10OoC.
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FIGURE XVIII.Vapor*Liquid EquilÍbrir¡n Composítíon Curve of
Systern Acetone-Carbon TeËrachloride at 150oC.
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FIGIIRE XIX" Vapor-Liquid Equilibrium Composi-tion Curve of the

System Acetone-Caïbon Tetrachloríde at 2O0oC.
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FIGURE XX" Vapor-Liquid EquílíbrÍum Compositíon Curve of the

Svstem Acetone-Carbon Tetrachloride aË 250oC.
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FIGURE XXI. Vapor-Liquíd Equílibrium Composition Curve of the
System Acetone-Carbon Tetrachloride at 27OoC.
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II (C) The System Benzene-Carbon Tetrachloride

The vapor liquíd equílibrium compositions of the system

Benzene-Carbon Tetrachl-oride have been determined at 100, l0B, 150,

. ^ -^o 200,250 and 210-C. The experimental results are shor¿n in Table IX

and they are plotted in Figures XXII, XXIII, XXIV, XXV, XXVI and

XXVII.
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TABLE IX

ExperÍmental Vapor Líquid Equílibnium Cornpositions of the System

Benzene-Carbon Tetrachloride at Different Isotherms

Mole % Carbon
Tetrachloride

lrr Lf q uru

M,o7e % Carbon
Tetrachloride

r'n \/¡nnr

l{ole % Carbon
Tetrachloride

alr laquau

Ilole Z Carbon
Tetrachl-oride

in Vapor

8.2
22.2
40.s
43.s
46 .2
49 .6
6r.2
7 8.3
83. 9
87 .8
o/, o

18. 7

2L.2
24.4
34.0
46 .4
63. 8
70.2
76.8
80. 5
85. 8

B7.B
93.7
96 .6

9.6
14. 8

25 .6
39 .3
46 .6
55. B

59 .6
66.8
7 3.4
91. B

95 .4

t = 100oC

qq

24 .4
4L, B

44.2
47 .9
51. 6
62 .6
80.0
85. B

90.2
97.r

T = 108oC

20.0
22.2
25.2
i/
JO.J

47 .4
64.3
70.9
77.6
BL.2
86.3
BB. 6
o/, q

o-7 1 Jt. t

t = 150oC

10. B

16.0
26 .4
+L. J

47.9
56 .5
60.9
68.6
74.6
92.8
95.9

11.0
17.5
4r.2
50. B
ql n

57 .8
72.6
8r. B

82.2
92.8
96.r

11. I
,^ 2

29.0
44.0
50. 4

7 r.7
73.6
80. s
BB. 1
94.0

o.¿
18. 8

3r. I
53.6

^/, ^
80.0
87 .3
91. B
oq n

t = 200oC

L2.0
19. 5
42 .2
52.0
52.0

74.L
84.2
84 .6
94.2
q7 ?

T = 250oC

12.5
27.L
29 .4
44.2
5r.6

74.4
81. 3

90.2
94 .6
96.6

T 
- 

17^ô^
I _ LIU-U

t^
I.V

10 Á,

32.6
q,h q

aî rì

88.4
ot /,

oq /,
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FTGURE xxrr" vapor-Liquid Equilibrium composirion curve of the
System Benzene-Carbon Tetrachloride at 100oC"
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FIGURE XXIII.Vapor-Liquid Equílibríum Compositíon Curve of the

System Benzene*Carbon Tetrachloride at 108oC.



FlG. mTi i rHe

010
MOLE

VAPOUR-LIQUID EQUILIBRfUM COMPOSITÍON CURVE OF

SYSTEM BENZENE- CARBON TETRACHLORIDE AT IO€}O C.

20 30 /¡0 50 60 70 80 90

OLE o/o CARBONTETRACHLORIDE

IN LIOUID.

o/o CARBON TETRACHLORIDE lN VAPOUR



92

FIGURE XXIV. Vapor-Liquid Equilibritun Composition Curve of the

System Benzene-Carbon Tetrachloride aË 15OoC.
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FIGIIRE XXV" Vapor-'Líquid Equilibriuur Composítion Curve of the

Svstem Benzene-Carbon Tetrachloride at 200oC.
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FIGURE XXVI" Vapor-Líquid Equilibrium Cornpositíon Curve of Ëhe

System Benzene-Carbon Tetrachloride at 2500C"



FIG. XTVT:THE

THE

VAPOUR - LIQUID EQUILIBRIUM

SYSTEM BENZENE - CARBON

COMPOSITION CURVE OF

TETRACHLORIDE AT 25OO C.

100

90
MOLE 70 CARBON
tN t- toutD.

TETRACHLORIDE

10 ,20 30 t40 50 60 70 80 90 100

MOLE o/o CARBON TETRACHLORIDE lN VAPOUR .

70

60

50

I+0

30

20

10



95

FIGURE X,\VII.Vapor-'Liquid EquilÍbrium Composition Curve of
System Benzene*Carbon Tetrachloride at 27OoC.
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96 III. Vapor Pressures

III (A) The System Acetone-Chloroform

The saturation vapor pressure of the system acetone-Chloroform

was determined over the whole concentration range frorn 100oC to 1B0oC.

The results are summarised in Table X, and Figure XXVIII illustrates

the constant composition plots of the relation between pressure and

temperature for a few mixtures.
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TABLE X

Experímental Saturati-on Pressure of the Svstem Acetone-Chloroform

Temp.(oC) Saturation Pressure(Atm)Temp" (oC) Saturation Pressure(Atm)

NIoIe % Acetone

100.0
105 .5
108"0
110. 8
IL2.5
119.0
TzL.I
r24.5
130. 6

r32.0
137.0
L42.0
r44.5
LsL.2
153"0
760.2
161.0
ro4. .f

772.2
L76.5
181. 4

MoLe % Acetone

100.0
L04"5
LLL.2
LLz.2
118.0
L20.6
126"8
130. 3
131. 0
138.5
141.0
L42.3
150.4
153.6
162 "0
166.2
77L" 4
178. 0
1Br. 5

míxture = 7.50

3.20
J. ¿+¿

3. 98
4.14
4. 30
5.L2
5. 19
5 .96
6.40
6.62
6.96

8. 13
9. 3s
9.6L

11 /.a LL. +L

11.58
12.26
l-3.7 6

15. 36
L6.70

míxture = 12.52

3 "r9
3. 86
4.72
+. JU
\ tt I

5.74
s. 98
6 .39
6 .52
7.56
7 .84
B. 07
o 1./,

9.86
LL.4L
12.52
13. 70
16.00
L6.66

MoLe % Acetone

100.0
101"5
L08.2
110"6
11q ?

LzL.O
L22.8
r30. 8
l_J1". o
139.0
747.2
I4J. )
r52 "6

161. 8
163.7
170.6
L77.6
T79 "L
1BO. B

YIoLe % Acetone

100.0
r04.2
LLO.2
110. 8
IIO.)
L2I.3
I22.8
I32.0
]-36 .4
141. 10
r42.0
150.5
156. 0
t59.2
L62"0
IOJ. Õ

L7I.6
176.4
180. 6

in mixture = 23.54

? 1R

3.27
4.01
4. .LU

4.94
5.12
s. 36
6. 38
6 .56
7.72
7 .83
8 "I7
9.32

r0.26
11. 40
12.20
L3.79
14.01
16.27

ta
-LO . 40

ín mixutre = 3L.32

3. 18
3. 9r
4. 08
4.20
4 .56
5.10
5 .67
6 .34
7 .0r
7 .82
8. 01
o ?q

LO.2L
IL.12

^/ -L-1 . JO

72.26
]-3"94
16.22
17 .IO

1n

an
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TÄ3LE X (Conrrd)

Experimental Saturation Pressure of the Sy.stem Acetone-Chloroform

Temp. (oC) Saturation Pressure(Atm)Ternp" (oc) SaËuration Pressure (Atm)

l{ol-e % Acetone

100. 0
70L.2
ro9 .4
110. 8
LI6.5
I2I"2
128. 0
131.0
r32.8
r40. 0
143. 5
150.7
159.0
160. 8
L64.4
17I"2
L72.3
r80.0

MoLe % AceËone

r00"0
706.2
110. 9

111"8
L22.6
728.2
130. 6
L32.0
139. B

140.0
L46.2
150. B

158. 8
L60.2
L69 .8
17L.O
r72.2
180.6

in mixture = 41.56

3.22
3. 46
4. 01
4.L2
4.86
5. 16
6.20
6.42
6.82
7 .92
8. 16
I ìt I

LL.52
L7.64
L2.28
1t
J-t+ . ¿J

]-7.35

in míxture = 54.04

?2^
3. 86
/, 10

4.42
5.25
a 4^
o.)¿
6 .55
6.72
qno
B. 11
9.02
9.86

TT.72
72:00
L4.52
L4.60
14.82
77 "76

NIoIe % Acetone in
100.0
LOI.2
108. 7

111.0
TLz.5
I20 .6
126 "4
T3T"2
138. 6

I4l-"I
r42.5
r51. 0
L56.2
160. 8
L66 "4
L72"0
178.8
180. 0

þloLe "/" Acetone ín
100.0
L04.2
111. 6

118. 8
120. B

L29.2
r32.0
736 .4
I4I.2
r48.4
150.6
L52"6
160.0
l-65 .4
170. I
171.8
180.0

míxture = 62.43

3. 3r
3.39
J. vo
+. ¿J
4.48
5 .34
6.02
6.70
? oa

8.28
B. 51

70 "r2
11. 01
12"28
13.62
L4"86
L7.87
18. 14

mixture = 80"01

3.46
3"87
4.46
). JU
s"60
6. 86
7.2L
8.0r
8.7 2

10.01
10.7 2
LI,2L
72.96
LJ. ¿O

L5.56
76.12
1A OL
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TABLE X (Contrd)

Experimental Saturation Pressure of the System Acetone-Chloroform

Temp. (oC) Saturation Pressure(Atm)

MoTe %

100. 0
L02.5
111. 0
LL6.2
120. 0
722.8
130. 8
L37.7
L4L.2
152. 0
1s4.4
163. 0
L7 6.0
180.0

Acetone in mixture = 92.94

3.86

s.02
5"86
6.26
7 .42
8.56
9.L6

LL" 42
12.72
13.78
77 .20
L9.60
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FIGURE XXVIII. Línes of Constant Composútion on a P*T Diagram

for the SysËem Acetone-Chloroform"
(The mÍxtures r¡rere not plotted for claríty's sake.)
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III (B) The System Acetone-Carbon Tetrachloríd.e

The saturation vapor pressure of the system Acetone-carbon

Tetrachloride was determj-ned over the whole concentratÍon range from

100oc to 270oc. Table xr gives the experimental d.ata obtaÍned for

vapor pressure measurements of nine mixtures of the binary mixture.

Figure xXrx shows the constanË composition plots of the relatíon

beEween pressure and temperaËure aE the bubble poj-nts of the

acetone-carbon tetrachloríde svscem.
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TABLE XI

Experimental Saturation Pressure of the System

Acetone-Carbon TeËrachloride

temp.(oC) Saturation Pressure(Atm)temp.(oC) Saturation Pressure(Arm)

Yiole % Acetone inmixture = 6.22

1. 9B
2 "2I
¿. )v
¿./3
3. 40
3.82
4.38
4.62
s .46
\Á2
6.70
7 .30
7 .62
8.7 6
9 .47

10. 90
11. 48
L2.46
13.25
13. 82
l-5.70
77.76
18. 02
19.72
2I.60
24. OI
27.56
3r" 42
35 .47
40.51

ín mixture = 15.01

2.25
2.56
3. 30
3.52
J. öO

4.28
4.90

5. 98
6.2r
I "4J
8.77

100.0
705.2
110. 8
LIz.4
121. 0
L26.2
130. 6
r34 .4
740 .9
L42.2
T5L,2
ls6. 0
160.0
]-64 "6
171. 0
178.0
180. 7

L86.2
190. 0
I92.8
20L.0
209.r0
210. 0
216 .4
227.2
230.0
240.0
250.0
260.0
270.0

YIoIe % Acetone

100.0
r04.2)
l_rr. 4
LIB.2
L20.6
L25.3
r32.0
L33 "2
I40 "9
141. 3
L54.0
I6L.7

L66.2
L72 "0
L76.4
184.0
186.0
L9L.9
199.0
204.0
208.6
2r2.0
2r8.6
22r.4
230.0
240.0
250 .0
260.0
270.0

MoLe % Acetone

r00.0
r04.2
114. 0
LIg.7
LzL"2
126.8
L32.6
138. 9
140. 8
L4¿. L
151.0
154"3
160.0
166 .0
L70.9
L75.2
78T.4
196 .0
198.8
20I.4
208.2
2I0.7
zLB.L
22I.0
230. 0

o?Á
70.22
11. 01
L2.7 4
L2 "98
14. 33
16 .66
16.96
78 "22
L9.70
2r.56
22.82
25 .54
to /,,)

J5.44
37 "56
42 "25

in mixture = 24.89

2.65
2.92
3.76
/, 1.)

4.49
4 .82
5.60
6 .46
6.73
6.92
8.77
8.96
9.30

10"02
10.95
LI.62
T2.98
L6 .82
L7.L6
17.69
r8. 86
20.34
23.02
23.4L
26.64
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TABLE XI
/^ . t r\
(uonc c)

Pressure. of the System Experimental- Saturation

Acetone-Carbon Te trachloride

temp. (oc) Saturation Pressure(Atm)temp" (oc) Saturation Pressure(Atm)

MoLe Z Acetone ín mÍxture = 24.89
(Cont'd)

240.0 30.47
250.0 34.43
260.0 38.69
270.0 43.52

NIoIe Z Acetone in mixture
100 .0 2.79
L04.2 3.07
111. 6 3.7 0
118.4 4.LL
L20.9 4"46
L2L.3 4"62
132.6 5.66
].36 .4 6. r0
140.0 6.47
L42.7 8.01
152.0 9.48
166.0 10.06
L7I.O LL"37
175.6 L2.36
181.7 13.60
L92.8 Is.96
198.9 L7 .82
202.5 19.09
210.0 20.97
2L4.8 22.36
22I.6 25.22
230.0 27.52
240 .0 3L.47
250.0 35 "44
260.0 39 .7L

YLoLe % Acetone in míxture

100.0 2"98
106.4 3.46
110 . 0 3.72
118.8 4.67
L2L.6 4 "99
126.2 5.27
732.4 5 " 89
L40.6 7"18
142.4 7 "86
r5L.7 10 " 02
156.1 L0.67
161 " 0 1r.06

= J¿+ . rl-

= 46.80

L62.6
170. 0
178.4
IgL.2
186.8
190. B

I92.I
202"0
2TL.6
277.3
220.0
230"0
240.0
250.0
260.0

MoLe % AceËone

100.0
108. s
111. 6
'l 10 R

I2T,7
126.2
J-JO. J
r40.0
L42.8
I52.0
L54.2
L60.9
762.3
L7L.60
L75.7
181. 0
190. 6

l-96 "7
20r. 0
206.8
210.0
2r7"7
22I.0
230.0
240.0
250.0
26A.0

11. 56
LI.72
13. 86-
14.67
15. 87

^l IO . J¿+

17 .01
18. 96
22.06
24.66
25 "52
29 "00
33.L7
37 "22
42 "Or

in míxture = 52.01

3.16
3.87
4 .6s
5 .18
5 .4L
5. 86
6.97
7 .60
B. 40

10. 38
L0.62
10. 96
11. 36
13"08
L4.16
15 .68
L7 .68
18. 87
20.60
22.88
23.67
24.0L
27 .02
30.92
35.07
39.48
44.0r
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TABLE XI(Cont'd)

Pressure of the System Experímental Satrrdíon

Acetone-Carbon Tetrachloríde

temp. (oc) Saturation Pressure(Atm)temp.(oC) SaËuratÍon Pressure(Atm)

MoIe % Acetone in mixture = 58.20in míxture = 86.70

J.Jö
3 .66
4.69
5 .67
6 .06
6.92
I ltU

8. 06
9.20

70.I2
72"06
14.65
15. 87
16.35
)'t 2.-7

22.58
26 .60
30.86
36.27
41. 81

r00. 0
LO6 .4
ILL.2
118. 9

120. 8
L26.4
L31. 6

138. 9

L40.2
143. B

151. 6

160.0
1/a
roo.4
L70.6
L7 8.9
L82 "2
L90.7
L92.8
20l-.4
209.6
270.0
2r2 .4
220.0
230.0
240,0
250.0

MoLe "Á Acetone in
100.0
111. 0
TLB.2
L22.0
1^,
r¿+. +
131.6
L42.4
150.6
L52.8
160.0
161. B

L72.2
181. 0
186.8
r90.6
20L.9
2LO.O
220 "O
230.0
240.0

J.¿\)
3, 87
/, 

^o
) .5¿
5.76
6.s6
7. B0
8"01
8. 65
a )Â

L0.72
L2t;05
13.26
14.67
T6.86
17 .7L
20 "72
2r.38
23.86
26 "38
26.52
27 .06
30.6r
35 .00
39.98
4s.90

mixture = 72.02

??o
4.6L
5 .52
5.92
6"56
7 .6s
9.04

r0.99
11.58
13. 16
L3.96
76.04
I8.92
t-9 "82
2L.94
26.56
29 "2s
33.60
38. 02
43.62

NIoIe % Acetone

100 .0
LO2 "I
110.0
118. 9
727.2
726.4
130.0
L32 .8
140.0
146.6
151. 0
762.3
168. B

170.0
186. 0
190.0
200 .0
2r0.0
220 "0
230.0
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FIGURE XXIX" Lines of Constant Composition on a P-T Diagram

for the System Acetone-Carbon Tetrachloride.

(The compositlons are 0 , 6 "22, 15 .01 , 24 " 89, 34 . 11 o

46.80,52.01,58.20, 72.02, 86.70 and 100 percent
acetone " )
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III (C) The System Benzene-Carbon Tetrachloríde

Table XII gíves the experimental data obtaíned for vapor

pressure measurements of ten mixtures of the binary system Benzene-

Carbon Tetrachloríde from a temperature of 100oC to about 27OoC.

Figure XXX shows the constant composition plots of the relation

bet¡¿een pressure and temperature at the bubble points for a few

mixtures.
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TABLE XII

Experimental Saturation Pressure of the System

Benzene-Carbon Tetrachlori_de

ternp. (oc) Saturation Pressure(Atm)temp. (oC) Saturation Pressure(Atrn)

NloLe "/" Carbon Tetrachloride
in mixture = 5.00

100.0
L06.4
110.6
tLg.2
L2L.3
L24.L
130. 8
L32.5
74L.6
150 .7
158. 6

L62.4
164 "0
170.1
180. 9

L82.3
10n 7

L96.4
200.2
2]-0.7
2r5 .3
220.8
230.0
240.0
250.0
260.0
270.0

L.79
2'.\0r
2.36
2.7 4
3 "07
3.27
3.7 6
3 "94
4.98
5 .82
6"53
7 10

7.76
8.44

LO "29
10.54
11.98
1,3 .67
1/,'lo
16.53
17.78
10 ?/,

22 "L7
25 .49
29.24
33.39
38. 00

153. 1,
16r. 3
r66. I
L70.6
IBI.2
L87 .4
r90.7
193. 6

200. I
202 .4
2r0.7
2r8.4
220.8
230.0
240.0
250.0
260.0
270.0
280. 0

Mole

100.0
108. 2

110.7
722.3
I28.4
131. 0
133. B

r40.6
L43"4
151.1
I57 .B
L60.2
LO+. I
r70 .6
T7 8.9
181. 4
L90.7
L98.4
200. B

"/"

in

6.18
7.3L
8.02
8,52

10.41
11.06
7r.99
12.62
L+. ¿¿
\4.56
76 .67
L8.72
L9.39
22.20
25.52
29.30
33.42
38.04

Carbon TeËrachloride
mixture = 16.50

1. 84
¿.v I
2.48
3.25
3.62
3. 90
4.06
4.83
5.01
s. 89
6.76
7 "L6
7.58
B.7L

10.01
10.49
T2.2I
13. 86
L4 .40

l{-ol-e "/" Carbon Tetrachloride
in míxture = 10.34

100.0
LOz "I
110. 7
II8.2
L22.6
126.2
130.6
134. B

r40.4
746.7
150. 8

L.82
I gI

2 .44
2 .87
3"4L
3 "62
J" ðO

4 "IL
4.BO
5.26
5. 87
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TABLE XII (Contrd)

ExÞerímental Satur¿Ltion Pressure cf the Svstem

Benzene*Car:bon Tetrachloride

temp. (oC) Saturation Pressure(Atm)temp. (oC) SaturaËion Pressure(Atm)

NIoLe 7. Carbon Tetrachloride
in mixture = 16.50 (Cont'd)

Mole Z Carbon Tetrachloride
ín mixture = 32.60

202.0
2r0.9
2l-6 .4
220.L
230.0
240.0
250.0
260.O
270.0

NIoIe %

i-n

100.0
108. 1
110. I
TLz "2
LzI"6
126 .4
130.0
138. 4
140. 1
150. 7

754.2
160 .0
168.7
L70.4
T7L.2
180.2
191.0
r98.2
200.L
206.2
2I0.7
t1/, '1

220.4
230.0
240.0
250.0
260.0
270.0

74 "84
L6.62
l-8.26
L9 .34
22.27
25 .59
29.39
33"49
38¡07

Carbon Tetrachloride
míxture = 24.35

r.87
L.UO
2.5L
2.7I
3.39
3 .52
3.86
4.48
4. B0
s.86
6 "22
7.LL
8.13
8.66
8.82

10. 28
12.22
13. BB

14 .43
l-5.27
tb. öJ
L7 .22
T9.4L
22,32
25.64
to h')

33.51
38. 10

l{.ole % Carbon Tetrachloride
in mixture = 38.20

100.0
101. 9

110.7
118. I
L20.6
t¿J. +
131. 6

137.8
140.1
150.6
756 .4
t60.7
L63.9
L70.2
778.3
1BO. B

LB6 .4
r90.1
LgL.2
200. 1
205.4
210.8
2L4.7
220 .6
230.0
240.0
250.0
260.0
270.0

100 .0
702.6
LTO.2
114. 8

LzL.4
L27.2
130. 6

140.0

1. 89
') ^')
2. 47
3. 00
3. 16
3.32
3.96
4.2L
4.84
5.94
6.2L
7 .2r
/")o
8.67

10.41
LL.26
L2 "25
1t /,1

14.34
L5.02
l-6.78
L7 .L2
L9 .47
¿¿. JY
25.69
29.44
JJ. ]J
38.L2

1.90
'l oa

2"46
t a'7

3.32
3. 63
3.98
4.83
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TABLE XII (Conttd)

ExperímenËal Saturation Pressure of the System

Benzene-Carbon Tetrachloride

temp. (oC) SaturaËíon Pressure(Atrn) femp. (oC) Saturation Pressure(Atm)

Mol-e % Carbon Tetrachloride
ín mixture = 38.20 (Cont'd)

141. 8
150. 3
156.4
160.7
170.0
L72.8
181.6
r90.7
r93.4
200.1
202.3
210. 8
2IL.L
220.6
230.0
240 "O
250.0
260.0
270.0

I{oIe "/"

in
100.0
101. 9

110.6
LL3.7
L20.2
L26.8
131.1
140.0
742.8
L50.2
155 .6
760.7
L62.3
L70.6
I7T.4
181. 4
L92.2
r97.8
200.L
20L.4

ho1
5.99
6.83
7 .38
B. 68
8.96

10.63
72.68
13.L2
l-4.4I
14 "92
76.82
17.09
19. 60
22"4r
25.7r
)o /,\
33 .54
38.L2

Carbon Tetrachloride
mixLure = 52.00

MoIe 7" Carbon Tetrachloride
in mixËure = 62.L2

2r0.7
220.7
230.0
240.0
250.0
260.0
270.0

100.0
101. 8
110.7
l-L3.7
I2I"L
L28.2
130.4
1't,Â )
r40.2
L50.7
151. 3
160.8
L68.4
r70.6
L76.6
T8T.2
187. 8
L90 .4
200.I
208.4
270.7
220.6
230.0
240.0
250.0
260.0
270,0

16.84
L9.64
22.4L
25.7L
¿Y . L+O

JJ. )4
38. 14

r.92
2.02
2.48
2.64
3. 35
3.72
4.06
4 .4L
4.89
6.06
6.2r
7 .34
8.56
B. BO

9.28
10.66
LL.77
12.28
14. 50
L6.2L
16 "84
19.56
22 .43
25.72
)o /,o

33. 56
38.16

1qn
2.0L
2.48
2"63
J. ¿+
3. 56
4.03
4 .85
/, o-7

s.99
6. 13
].J¿

7 "56
8. 80
8.96

L0"66
L2.63
13. B9

L4"44
L4.73
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TABLE XII(Cont I d)

Pressure of the System Exoerimental Saturation

Benzene-Carbon Tetrachloríde

temp.(oc) Saturatíon Pressure(Atm)temp. (oc) Saturation Pressure(ATn)

Mole % Carbon Tetrachloride
in míxture = 82.00

þIoIe % Carbon Tetrachloride
in mixture = 97.2L

100.0
103. 6

110.4
113. I
T2L.2
L28.7
130.6
L34.4
L40.7
L47.L
150. 4

156 "7
160 .1
170. 0
173.8
180. 7

I9I.2
796 .4
200.6
202.2
2L0.7
1t'1 /,

230.0
240.0
250.0
260.0
270.0

L.92
2.12
t /,o

2.64
3. 35
3.78
3.99
4.28
/. oa

5.02
6. 03
6 "76
7 .36
8.7 2
9.02

10"60
L2.44
13. 06
L4 .59
r4. oo
L6.86
L9.67
)') /,').

25.74
29 .48
33"57
38.L4

100.0
101.2
110. 6
11Q /,

1r^ /,

136.0
1 1,1 '.)

143. 1

r50 "2
160.7
I7L.2
183.4
190. 6

20l-.6
2r2.3
220.7
230.0
240.0
250.0
260.0
270.0

r.92
t n?

2.56
3.01
3. r8
4.L2
/, oo

5.12
6.01
7 .38
8. 86

10. 80
12.44
L4.70
16.96
l-9.66
)) 1,2.

25.76
)o /,o

33. 56
38. 14
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FTGURE xxx. Lines of constanL composition on a p-T Diagram for the
System Benzene-Carbon TetrachlorÍde.

(The rnixtures r¡/ere not plotted for clarityrs sake.)
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CHAPTER V

TREATMENT OF DATA AND DISCUSSION OF RESULTS

V (A). Thermodynarnic Analysis

Therrnodynamic analysis is a tool for inËerpreting phase

equilibrium data; such interpretation is necessary for ínterpolatíng

or extrapolating data to ner¿ conditions and for correlatíng phase

behaviour in terms of physiochemical parameËers. Thermodynamíc re-

duction and correlationr of vapor Ë- liquid equilibriun data are

common at low pressures, but despite a large supply of equílibriurn

data at hÍgh pressures, 1Ítt1e attempt has been made to reduce such

data wíth Ëhermodynamically signifícant functj-ons.

In high pressure phase equilibría it is not possible to make

the simplifying assumptíons commonly made at low pressures, and, as

a result, thermodynamÍc analysis has only rarely been applied to high

pressure systems. In such systems, both phases, vapor and liquid,

exhibÍt large deviations from ideal behaviour.

I chose the method suggested by Chueh and Prausnít-z (50) for the

treatment of my experimental data. Vapor phase non-idealities are

expressed as fugacity coefficients (0i) and the liquid phase non-

idealities are given by activity coefficients (yi ) . The Redlich-

Kwong equation, modified by the íntroductíon of binary interaction

constanËs, to increase its accuracy for míxtures, has been used for

vapor phase propertíes. The van Laar equation, modifíed to allor¿ for

the rapid change of liquid molar volume which occurs in the critical
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region, has been used to represent the effect of composítion on

liquid phase properËies. The parameters which I have determined are:

(1)Henryrs consra". ttiil , (2) binary inreraction constant ozz(1; rvhich

represents the self-ínteraction constanË of molecules 2 in the envíronmenË

of molecules I and is defíned by equation 51+ or (o' which represents the

interactlon constant of molecules 1 and 2 is defíned by the equaËion

E
^u

r= orr 0r Õ2), and (3)dilatíon constatt nZ(t)' For a
RT(xrVg, * xrYçr) -L2 -L -2"

given bínary system, the above parameters depend only on temperature.

Therefore, isothermal e;<perimental data are required. From the large

scale plot of P versus T for various fíxed liquid compositions (Figures

XXVIII Ëo XXX) and from large scale plots of vaport'liquíd equilibria

composítions (Figures XII to XXVII), P-x-y data ruere read for each isotherm.

The pr:ograms used are those written by Chueh and Prausnitz (50) and the

analysis was carried out using an IBlf 360/65 electronic comPuter.

At sysËem temperatures appreciably lower than the crítical

tempeïature of the light component (component Z): the dílation constant

i.l r obtaíned from data reduction becomes so smal-l that it can be

effectively equated to zero. Under these conditions, the constant-

pïessure activíty coefficient of both components can be correlated with

only one parameter, o,. Empírica11y, Chueh and Prausnítz found that this

occurs ta t*2 smaller than 0.93. Therefore' systems for which Tp, and Tp,

are smaller than 0.93 are correlated with n = 0 and only one parameter' cr'

Systems for whích Tg, and Tp, are greater than 0.93 are correlated with a

Èwo-parameter model.

Hence, the present discussion wíl1 be divíded into two parts, (A)

and (B).

(A) Data reduction for binary míxtures of coudensable components

(both T¡, and TXr less than 0.93) using the symmetric convention of

normalization for activity coefficients. A one-parameter modef for
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the excess Gibbs energy wíth nr(1) = 0 ís used.

(B) Data reductíon for binary mixtures wherein component 2

j-s at a reduced temperaturu t*, >.,0.93 has been carried out using a

t!üo parameter model for the excess Gibbs energy and the unsl.mmetric

convention for normalízatíon of activÍty coefficients.

V (A) (1) Analysís of the Bínary Systems where Tg., and Tp, < 0.93

As mentioned before, the constant*pressure acLÍvíty coefficienËs

for binary systems for which both T*, and Tp, fa1l below 0.93 are

analysed with a one-parameter modet (nZ(l) = 0), using the symmetric

conventíon of normalízatíon.

A main program, SYMFIT, and Ëhree subroutj-nes, VOLPAR, PHIMIX

and CUBEQN are used for the data reduction. The program SYMFIT fíts

bínary vapor pliquid equilibrium data Ëo a syrffnetric one term van

Laar equation. The subroutíne VOLPAR calculaËes partial molar

volrrnes in the 1íquíd mixture using equation (76). This quantity is

required to take into account the effect of pressure orì. liquid phase

activity coefficients, that is, the Poynting correction. The sub-

routine PHIMIX, through equation (37) calculates the fugacíty co-

efficient of a component ín the vapor míxËure usíng the revised

Redlich-Kwong equation. The molar volume V of the gas mixture,

required in equatíon (37) ís obtained by solving equation (24) and

taking the largest real root of V. Thís is carríed out by the sub-

routine CUBEON.

As an example, the input data of the bínary system Carbon

Tetrachloríde (1) - Acetone (2) for the program SYMFIT are given
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belorv in the order they appear on the cards.

First card

The first

looo, 1500, 2ooo

Second Card

card contains the tiËle "CC14(1) - Acetone (2) at

eVMtr T.n II
t urrr¡ !r.

Thís card contains the following properties of component 1

(CC14 in this case):- (1)Critical pressure Ín pounds Per square inch

absolute. (2)The critical volgme in tt3/t¡-mole. (3)The crítical

temperature in degree Rankine. (4)The acentric factor, t-r which was

obtained using the equation (Bl)

u) = - 1og Pg* -1.00 ,R = O..f
(81)

and the vapor pressure of the pure componenË. (5)The dimensionless

consËants Q^ for the vapor, QO for the vapor, Q" for the líquíd and

QO for the liquid, which v¡ere obtaíned by fitting Èhe Redlich-Kwong

equatiôn (24) to Ëhe voltrnetríc data of the pure saËurated vapor and

saturated liquíd. (6)The molecular weight of component 1 and (7) Ëhe

name of component 1.

Third Card

This card conËains the reference fugacity f(Po) of 
"o*ponent 

1.

The reference fugacity of each pure substance at temperature T was

obtained by correcting the experimental vapor pressures of the substance

at T using fugacity charts. The equation

roeå1}, fco.roor+ 
0.073u,)r;t - (0.0330 - 0.46r¡)112 -R

(0.138s + 0.50o)t;'- (0.012r + 0.097r,r)t;o - 0.0073t0r*9

rnras not used because of its inaccuracies at high Pressures.J
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Fourth and Fífth Cards

These tr¡o cards contain informaÈion on component 2 simílar

to that on Ëhe Second and Third Cards.

Sixth Card

This card contains (1) KfZ (correctÍon to geometric *"ur t"rr-

(equation (36)) for the vapor and for the liquid, (2) Ëhe critical

binary constants ,rrZ/ (Tcl + Tc2) and (3) the correlating parameter

for críËícal voh¡nes 2vrr/ (V"t + V.Z).

K, was obtaíned from equatÍon (36) and Table V. It was found

LL^+ v tíghtly dependent on concentration" Hence a mean of Lrrd L !\12 wdÞ ù r

a few values of Or-2 at different concentratíons was taken. The critical

binary constant 2rt2/r"t+ Tc2) was obtained from the experímental data

of the critical temperatures of the binary mixtures shor,¡n in Table V,

using equation (79) , The correlating parameter for critical voh-mes,

?r, / (tt -L \I ) was obtained by extrapolatíon from the generalized ""L2'"cL "c2

chart (page 41, reference 50) given in the monograph.

The seventh card contains the temperature of the bínary system

in degrees Rankine.

The eíghth card contains the number of data poinËs for each

isotherm and Ëhe minimum mole fracËion for a data poínt to be

weíghted (0.005 was chosen in this study).

The cards which follow conËain, on each card, Ëhe liquid mole

fracËion of componertt 2, the vapor mole fraction of component 2, and

the total pressure ín pounds per square inch absolute"

The parËíal molar .rot,-,*es Vl a"a V! and the fugacíty coefficients

0r and Q, are calculated for each data point using Ëhe subroutínes
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VOLPAR and PHIMIX. The constant pressure activíËy coeffÍcients

y1 and \2 are then calculated using equations (44) and (45) assumÍng

the liquid partial molar volumes to be incompressible.

As shov¡n ín Tabl-e XIII Ëo Table XVIII the computer prints out,

for each round of fíttíng, the binary interactíon parameter o12, the

number of experimental points used for y1 and yr, Ëhe calculated and

experimental activity coefficients for each point, and the average

devíation in y" ^-r ^' TL^ ^+^.rìdard state fugacitíes, lÍquid-phase .l o..- | 2. 
lrre Þ Ld

partial molar volumes, the Poynting corrections and vapor phase

fugacíty coeffícients are also obtained for each point. The program

SYMFIT has a provision for tesËíng the thermodynamic consistency of the

experimental data (see section V (A) (3)).

V (A) (2) Analysis of the Binary SysËems where T-- and To > 0.93 rfl K2 '

Binary systems for which the reduced temperature of the lighter

component exceeds 0.93 are analysed wiËh the tvüo-parameter dilated

va:n Laar model using the unsymmetríc convention for normalízatíon.

The standard-state fugacíty for component 2(Tnr t 0.93) is Henryts

consËant of 2 ín 1, H"tl|) and must be determined before data reduction L\L)

is carried ouL. Henryfs constant ís determined by a main program

HENRYS and subroutínes VOLPAR, PHIMIX and CUBEQN.

The input data for program HENRYS are only slightly different

from those of program SYMFIT. The first two cards are ídentical but

the third card now contains the properÈies of component 2 and the fourth

card contains the coefficients for the reduced liquid fugacity of

component 1. The coefficíents for the reduced liquid fugacity of
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component 2 are not required for this program. The fifth card contains

K' for Ëhe vapor, K12 for the liquid, 2rI2/ (Tc1 + Tc2) and Zvrr/V"l *

y"Z) The sixth card contains the temperature of the binary system in

degrees Rankine and the saturation pressure of component 1 at that

temperature. The composítion cards follow, one card for each composítion,

containing liquid mole fractíon of componenË 2, vapor mole fracËion of

component¡,2 and Ëhe Ëotal pressure in pounds per square inch absolute.

The program calculates frQ) /*Z for each poínË, and, by ploËting
/Þl

]n f t- t /v rrêrq --- -2 ,--2.--*us x, arrd extrapolating to *2 = 0, Henryrs consËant

/tÞ c\
Hì;l i' is obtai-ned. Henry's constanË is corrected t-o zero pressure

¿ lL)

ín Ëhe fitting program. The program HENRYS also gives output of

-T. -T. *2, Y2, P; V;, YT,01 and 02 which are used ín the FITTING program to

evaluate the self-ínteraction constant, az,(L), and the dílation

constant rì.2"r in the dilated van Laar mode1. Thís fitLíng program
L\L]

has a provision for testíng the ËheÍTnodynamic consisËency of the

experimental data (see section V (A) (3)).

V (A) (3) Thermodynamic ConsisËency Test of the Vapor + Líquid

Equílíbriun Data

Vapor ii liquíd equilibrium data are said to be thermod.ynamícally

consistent when they satísfy the Gibbs-Duhem equation. Idhen the data

saËisfy this equation, iLjs líkely, buË by no mearls certain, Ëhat they

are correcË; however, íf thel' do not satísfy this equation, it is

certaín that they are íncorrecÈ.

Thermodynamic consistency tesËs for binary vaporÊliquid

equilibria aË low pressures have been descríbed by many auËhors;

a good review is given ín the monograph by Van Ness (100).
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Extension of these methods to isotirermal high pr-essure equilíbria

presents tç¡o diffículLies: (1) it is necessal:y fo have experimental

data for the density of the liquíd mixture along the saturation line

and (2) since the ideal g.as law is not valid, it is necessary to

calculate vapor phase fugacity coefficíents either from volumetric

data for the vapor mixture or else from an equation of state.

Adler et aI (101) have presented a metirod for testing Ëhe

Lhernodyna¡nic consistency of binary liquid;=vapor equilíbríum data

when one component is above its critical temperature. They used the

Lewís fugacity rule to calculate vapor phase fugacíties but errors in

this approxímatÍon are often very large and it ís not possible Ëo come

Ëo any sígnificant conclusíons concerníng the thermodynamic consistency

of experimental- equÍlibritm data when this approxÍ-mation Ís used as an

esssriLi¿i par L c.rí Li¡e consisteircy Lest.

Chueh et al (102) have described a consistency test whích is an

extension to isothermal high-pressure data of tho inraorql lnrorl t.ôcr

gíven by Redlích and Kíster (f03) and by Herington (104) for isother:nal

1ow p::essure data. The Gibbs-Duhem equation for a binary system at

constant tenìperature is v/ritten as:

x,dlnf-*x^d1nf^=*uo --1- -^- -1 2 -' -2 RT *r

Usíng the ilentity

xrd lnx, l- xrd lnx, = 0 (84)

equation (83) can be rearranged to gíve equation (85)

- 1z/*z - vL fr ,f.r/x,
ln =--;- ,r/*r ð'x, * * uo - d t" 

"r- 
* x, ln 

ffi 
(85)

(83)
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Yi.
Introducing fugacity coeffícients ö and K factors (Ki = *i)l-

inËo equation (85) we obtain

\,rhere subscript 2 refers to the líght component.

Equation (86) is íntegrated from *2 = 0 to some arbítrary upper lirnit

x, with the followÍng boundary condítions:

when x, = 0 , 0f = ôï , p = pï and K¡1

The integrated form can be written as

Area I + Area II + Area III =

þ)
(fn ,: * ln a1

d

0., P þ, K,
I In K -r- rñ 

- 

+ X^(l_n -;- -l- In 
-) 

) âf x. c c ' zLt 
v //

'oitì¿qrol¿
l{

ln ¿ ox/̂
-'1I

Kt trl v, alY -{- 

- 

alñ =
*r' ""2 RT 

*r-

0n Ko
(ln Kl * lnQ.,P * xr(f" ;: + fn 73)) (86) IIzVl^1

where Area I =

^-^- 
TT - ôtÉd rr -

Area III = 1
RT

.f xt
It

n2-u

/
v=O "2"

x2
-ln

(87)

( 88)

(8e)

(e0)

0.
q

.,L, vcp

dv-"2

The thermodynamic consistency test consísts of comparing the

sum of the three areas, which are found by graphical integratíon, wirh

the right hand side of equaËion (87). The three areas depend upon

equilibríum data for the compositÍon range *2 = O to equilibrium data

at the upper 1imít *Z = *2. The comparison indicated by equation (87)

should be made for several values of x, up Ëo and inCluding the critícal

*2=o
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compositíon.

Chueh and Prausnítz (50) have replaced the data plotting

procedure by a regression analysís. In their analysis, whích I applied

to my experimental data, at the end of the first round of fitting, the

average devíations of y, and y, (or y5¡ are computed respectively.

They are nearly equal in magniËude and generally smal1 if the

experimental data are thermodynamically consistent. If the data are

thermodynarnically consistent, both yl and \, are utílized ín the second

round of fitting. If the data are inconsistent, the average deviatíon

of y for one componenË is generally much larger than that of the other;

this happens because the less accurate set of data, saY Yl, scatters

much more than Ë' ' *' he y2 or (lr) data; the least squares fittíng, findíng

ít impossible to fit Ëhe y, data any better, automatically fits better
ú

to the more accurate data for y, (or y^). If the data are thermodynamícally

inconsistent, the less reliable set of y is discarded in the second

round of fitting. Chueh and Prausnitz (50) used the criterion that if

the average deviat.íons of yl and :(2 diÍ.fer by more thran 3%, Ëhe data r,rill

be considered as inconsistent.

V (B) (Ð Discussion of_Results

V (B) (1) The System Chloroform (l) - Acetone (2)

From Figure IX r¿hích gives a plot of T*, the temperature of the

disappearance of the meníscus versus mole percent chloroform in the

mi-xture, it can be seen that the system Chloroform (l) - Acetone (2)

exhibits a negative devíation from ideality. Thís observatíon has been

made previously by many workers, including Swietoslawski (106) and
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Chatterjee (85). The deviation from ideality is also apparent in the

vapor pressure plots. This negative deviation from Raoult's law has

been explained by the fact that a l:1 hydrogen bonding compound exists

in the system and, Campbell and Kartzmark (82) have determined the energy

of the hydrogen bond and found it Ëo be a -2.7 kcal- per mole. It is

very doubtful though if this compound exists under critical condítions.

The existence of ar: azeottope has been confirmed from the vapor

liquid equílibrium composition curves, Figures XII to XVI and the vapor

pressure p1ots. It was found that the composition of the azeoËrope,

a negatíve azeotTope ín the terminology of Rowlinson (19), whÍch is

36.2 moJ.e percent acetone at 10OoC, shifted towards lower acetone

content as the temperaEure rùas raísedI tne same deducËion was made

by Rock and Schräder (84) in their study of this system at temperaËures

ranging from l0oC to 55oC. The above observatÍon also agrees with the

well-knov¡n fact that an íncrease of temperature in a negative azeotrope

decreases the mole fractíon of the component whose vapor pressure

increases the more rapidly with temperature" The above system was

investigated only up to 180oC because of decomposition on heating but

it is known (107) that the azeotrope does not exist up to the critical

point, thaL is, the system chloroform-acetone exhíbits límited azeotropic

behaviour.

The experimental data, vaporçliquid equilibrium compositíons

and saturation vapor pressure for thís binary system have been treated

to yield the fugacíty coefficients $., and þ, and the activity coefficients

y. and y^ of the two components in the vapor and liquid mixtures. For .r L two components irr. ,ft. ttpol "rra

this purpose the program SYMFIT and the subroutínes VOLPAR, PHIMIX and

(See Table XII A. )
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TABLE-XII (A)

Dependence of Azeotropic Composítion on Temperature

in the System CHCI.(1)-Acetone(2)

Temperature (oC)Azeotropic Composition (Mole Fractíon Acetone)

100

150

160

L70

180

0.362

0 .347

0.292

0.235

0.209
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CUBEQN lrere used and the results are tabulated in Table XIII.

The second round of fítting has been omitted since it ís

ídentical to the fírst round of fítting. From Table XIII it is

seen that though yí*>I as x. --21 the system Acetone-Chloroform

is not ideal at Ëhe temperatures investigated in thís work. The

activity coeffícients have been plotted as functíon of Ëhe mole

fraction acetone in the liquid phase in Figure XXXI to Fígure

XXXIC. The deviations between the exÞerímenËal values of the

activity coefficients and the calculated values are rather large

but I will have more to say about these facts in Chapter V (C),

(General Díscussíon).
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FIGURE XXXI. ActíviËy Coefficients versus Mole Fraction Acetone

in Liquid Phase of the System Chloroform-Acetone at
150oc.

(For Figures XXXI to XXXIC the solid line represents the calculated
curve.

O represenÈs experimental y,
values

t
Ct represents experimenËal y.',

values.
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FIGURE XXXIA.Activity CoefficienËs

ín Liquid Phase of the

t6ooc.

versus Mole Fraction Acetone

System Chloroform-Acetone at
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FIGIIRE XXXIB.AcËiviËy Coefficíents versus

in Liquid Phase of the System

17ooc.

Mole Fraction Acetone

Chloroform-Acetone at
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FIGI]R-E XXXIC.AcËivíty Coefficients versus

in Liquid Phasei'of the System

18ooc.

Mole Fraction Acetone

Chloroform-Acetone at
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V (B) (2) The System Carbon Ietrachloride (1) - Acetone (2)

The ploË of T"r Ëhe temperature of disappearalrce of the meniscus,

versus mole percent acetone (Figure X) for this system shov¡s a slíght

deviation from ídea1ity, but the vaPor pressure plots show no

maximum or mínimum. The vapor-liquid equílibrir¡-n composítíon curves at

the different isotherms, Fígures XVII to XXI, do not show the existence

of an azeotrope. Brovm and smith (92) who sÈudied the vapor-liquíd

equilibria of Ëhe system Carbon tetrachloride - AceËone at 45oC,

claimed the exístence of an azeotrope at a mole fraction of acetone

of 0.964 and a pressure of 513.2 rnm. Hg. In Ëhe present research the

vapor was found to be always richer in acetone; at no point r^ras the

liquid richer in acetone, that ís, there \,/as no reversal of compositíon

as there rn'ould be in passíng through an azeotTopic point.- I Ëherefore

conclude that the svstem Carbon Ëetrachloride - Acetone exhibíts límited

azeoLTopy.

Thermodynamic analysis for this system was carried out in tu'o

parts, as mentioned in section V (A) . Data reductíons for the isotherms

at 1500 and 200oC were carried out using a one parameter model for the

excess Gibbs energy with nr(l) = 0. For Ëhis purpose the progran SYMIIT

and the subroutines VOLPAR, PHII'{IX and CUBEQN were used. The resulËs

of Ëhe Ëhermodynamic analysis are gíven ín Table X$/.

Table Xlvshorvs that y. €1 as x. -VI for the system Carbon

Eetrachloride - AceËone at Ëhe temperatures investigated ín thís

project. Figures XXXII and XXXIIA give the plots of the aetivity

coefficients as a function of the mole fraction acetone in Ëhe liquid

phase. The differences beËween the experimenËal values for the activity
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coefficients and the calculated values are small ín magnitude, in

other r¡ords, this system responds better to the solution model of

PrausniËz et al (50). Thi,s system is nearly ideal at l5OoC - the

activity coefficients are very nearly equal to one, but at 20OoC

the deviationg from ideality are larger. The deviations are positive

150oC and negative at 200oC.
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FIGURE XXXII.Activity Coeffícients versus Mole Fraction Acetone

ín Líquid Phase for the System Carbon TetrachlorÍde-
Acetone at 150oC.

(For I'igures XXXII and XXXITA:

the solid linerepresents the calculated curve.

represents eNperímental y, values.

represents experimental y., values . )
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FIGURE XXXIIA. Actívity CoefficienËs versus Mole Fraction Acerone

ín Liquid Phase for the System Carbon TetrachlorÍde-

Acetone at 200oC.
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Data reductions for the system at 25Oo and 270oC were carried

out using a two parameËer dilated van Laar model for the excess Gíbbs

energy and the unsymmetric convention of normalíztíon for activíty

coefficíents. In this case Ëhe program HENRYS and the subroutines

VOLPAR, PHIMIX and CUBEQì'I were used to calculate the standard state

fugacity for component 2, tjTÎì As can be seen from Table XV ,

the program calcul.ates f{P) fxn for each poínt and., by extrapolatíng the ¿¿
lpì plot of 1n f)" /xr versus x2 (rigure XXXIII) to x2 = 0, Henryrs constant
/'Þrì \

of 2 ín 1, Hì;;( is obtained. The HENRYS program (Table XV ) also ' ¿\t)
prints out x., y^. P. Vl. Vl. ó, and þ., the saturation pressure of ¡ ' '¿, J2) -' rlr '2, Yf ---- 'Z'
component 1, liquid partial mola1 volumes of both components at

infínite dilution, the reference fugacity of component 1 at zero

pressure, mola1 volunes of the saturated liquid mixture for each

concentratÍon and the corrected reduced temperatures of the liquíd

mixture for each concentration. This ínformation is then used in

the program FITTING to evaluate the self-ínteraction constant,

doo/t.,, and the dilatíon constant nn(1) in the dilated van Laar ¿z\L) - ¿

model. Table XV gives the results of the analysis.
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FIGURE XXXIII. Plot of Henryrs Constant HBI . " "2(L)'
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V (B) (3) The System Benzene (1) - Carbon Tetrachloríde (2)

The plot of T", the ternperature of the disappearance of the

meniscus versus compositíon (Figure XI) for this systern clevíates very

slightly from the straight line joining the criLical temperatures of

Ëhe pure components. The vapor-liquid equilíbrium composition curves e

Figures XXII to XXVII, do not indicate the existence of an azeoËrope-

the vapor í-s always richer ín carbon tetrachloride.

Due to the f act that the volatílites oí the tr,¡o pure components 
'

benzene and carbon tetrachloríde, are very sírnilar no n, dilatíon

constant is required and the binary system can be treated using a one

parameter model for the excess Gibbs energy. Therefore, data reducËion

for this bínary system was carried out usíng the synrmetríc conventíon

of normalization for activiËy coefficients. The program SYMFIT and the

subroutines VOLPAR, PHIMIX and CUBEQN were used for this ourpose.

The thermodynamic analysis of this system at temperetures of 1500,

2000, 25Oo and 27OoC are given in Table XVI"

The deviations of the acÈivity coefficients from one are not

great buË they are large enough that T cannoL conclude that the system

Benzene-Carbon tetrachloride is an ideal one. On the oËher hand, this

system consistj.ng of two non-polar components is the ídeal one to test

the solutíon model of Prausnitz et af (50). Table XVI shor^rs that the

deviations betr,øeen the experimental values of the actiúiËy coefficienÈs

and the calculated values are quite small in magnitude which indicates Ëhat

Èhe solution model of Prausnitz et al (50) is applicable in this case-.

The activity coefficients have been plotted as a function of the rnole

fracËion carbon tetrachloride in the liquid '¡rhase in Figure XXXIV to

Figure XXXVII.
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V (C) General Discussion

In liquid mÍxtures, deviations from ideal behaviour can be

interpreted in terms of intermolecular forces operating wíthin the

mixture. It is convenient to distinguish between strong attractive

(chemical) forces leading to formation of chemical specíes and weak

attractive (physical) forces frequently ca11ed van der Inlaals forces.

Accordingly, the theory of liquíd solutions has followed tv¡o dÍstÍnct

paths: (f)The work of Kortüm and Buchholz-I,Ieísenheimer (108) r¿hich

interprets solution non idealíty in terms of chemical forces while

neglecting physical forces and (2) the work initiated by van Laar (109)

who Ínterprets solution;;non ideality in terms of physical forces a1one.

In the first case, it r¿as assumed that ín a mj-xture of

ttapparentttcomponents A and B the t'lruettmolecular species ín the

mixture may not only be molecules A and B but may also include molecules

^ ^ B^, B. ., AB, A^B ..etc. Van Laarron the '-2'"3 """'' ¿' J ¿

other hand, denied the exístence of any molecular species other than

A and B and explained deviations fron Raoultts law in terms of

dífferences among intermolecular forces acting among A-4, A-B and

B-8.

It Ís norü accepted that the above vie\.^rs are extrene re-

preserì.tatíons of the actual situation; the borderlj-ne between chemical

and physical forces is arbitrary and ín many cases, desígnation of a

mixture as ttchemicalttorttphysicaltt is a matter of convenience on1y.

However, while it ís reasonable to assume that chemícal forces are

absent from si-mple solutions of saturated non-po1ar liquids, it is
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not reasonable to neglect chemícal forces in liquid mixtures r¿here

hydrogen bonding or charge-transfer complexing is apprecíable. And

it is not strictly correct to neglect physícal forces entirely in

"chemícal solutíons'r. A physically more reasonable descríption of

liquid solutíons should make allol^/ance for both chemical and physical

forces. itlork in this direction has been carried out by Scatchard (110)

and Harris and Prausnítz (1f1).

It has been shown (109) that posítive devíations from Raoultrs

law are favored by differences in ttinternal pressuret' or molecular

attractive force and that negatíve deviations are favored by a tendency

to compoúnd formation between the t\^Io components or by a marked

difference in size.

The system Acetone-Chloroform ínvestigated ín the present

project shows a negative deviation from Raoultts 1aw, and as pointed

out earlíer, Campbell and Kattzmark (82) have proven the existence

of a 1;1 compound in the solid phase in this system. They proposed

hydrogen bonding in the comPound

C1

(cH^)^co.. ... H - C - Cl - 5'¿
CT

ÙIany Lheoretical and semí-theoretical treatments have been

given for this system (IL2,113). Although there is no doubt about the

presence of hydrogen bonding as evídent from the results of ultraviolet

spectroscopy (113) and proton magnetíc resonance (114), complícations arise

when one attempËs to construct a theory, because of the fact that both

acetone and chloroform are knoï,¡n to assocj-ate ín the pure State.
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Table XIII shows that the one Darameter model of

the van Laar equation ís not successful in reproducing activity

cöefficíents for the system Acetone-Chloroform at temperatures of 150o,

..no ,-^o . ,^^o^ l-60-, l-70- and f80-C, that ís, at temperatures \^/here both components

can exist as liquids. The dilated van Laar model of Chueh et al (SO¡

is based on the assumption that the non idealíty of liquid mixtures

is due to the interactíon of solute moiecules wíth each other ín the

envíronment of the solvent molecules and not to interactÍons between

the solute and solvent molecules. I am not Ëoo certain whether such

a model would apply to the system Acetone-Chloroform. And furthermore,

Prausnitz and Chuehts theory (SO¡ applies mostly to non-polar or slightly

polar components; both acetone and chloroform are polar compounds.

The solution model of Prausnítz eL al would not strictly apply

to the system Acetone-Carbon tetrachloride. Table XlVshows that the

one parameter model of the van Laar equation Ís fairly successful ín

reproducÍng activity coeffícients for the temperatures 150o and 200oC.

The two parameter model applíed at temperatures where one of the

components (acetone) is supercritícal, ís apparently not very

successful - See Table XV . The same conclusíon was obtaíned by

Chatterjee (80) ¡¡ho used the Lwo parameter model for the system

AceËone-Benzene at temperatures hígher than 200oC.

The system Benzene-Carbon tetrachloride, consisting of two

non-polar components, should be the ideal system to test the solution

model of Prausnitz et aL (50). IË has been shown (f15) that the

deviatíon of the physical properties:from the rule for mixtures in the

above svstem can be ascribed to the assocíaÈion of the carbon tetra-
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chlorÍde. Table XVI shoes that the one parameter solution model of

the van Laar equation gives satísfactory results for the actÍvity

coefficients for the tmperatures 1500, 2000, 2500 and 27OoC but why

the activity coefficients are so f.ar away from unity I cannot explain.

I expected the activity coefficients for this system Lo be nearly one

at all concentratíons. Interaction between the benzene molecules and

carbon tetrachloride molecules r¡ould, in my opínion, explain partially

this discrepancy"

An extension of the solution model of Prausnítz eL aL (SO¡

which gives consistently good resulLs for míxËures of non-po1ar or

slightly polar components, must be made to polar components to make

ít more general. And finally, since certain simplifying asstrnptions must

be made in all theories of liquid mixtures as a consequence of insufficient

knowledge about íntermolecular forces, and also because of the lack of

extensive experimental data, any general theory must await accurate and

extensive experÍmenLal data on equilibrium properties of mixtures,

especially those contaíníng polar components.
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SUI'O{ARY

This thesis has dealt with the following thermodynamíc properties

of the systems (1)Chloroform-Acetone, (2)Carbon Tetrachlo¡ids-fiqetone,

and (3)Benzene-Carbon TetrachlorÍde: - gas ê liquid critical temperatures,

vapor €.aliquíd equilíbrium compositions and saturation vapor pressures.

The gas ê liquid critical temperaËures \.{ere measured for each binary

system over the whole concentration range usíng the disappearance of

the meniscus method. The vapor € liquid equilibríum compositions were

determined for each binary system using a glass apparaËus with a steel

bonb. MeasuremenÈs were made at temperatures ranging from 100oC to

27OoC. The saturation vapor pressures were measured usíng a closed

air-manometer and the pressure calcu,lated from the equílibrium volume

of compressed air using van der trriaals equat.ion.

The experímental data were treated thermodynamícally to yield

the non-ídealities in each of the two phases ín the vapor * liquíd

equilibria. An equation of state suggested by Redlich and l(wong was

found to be very satisfactory and simple Ín the calculatíons of the

fugacity coefficients of both components in Ëhe vapor phase. The

dimensionlless constants f2a and llb in the Redlich-Kwong equation were

re-evaluated from the saturated volumetric propertíes of each pure

component. The Redlich-Kwong equation, modified by Prausnítz and

Chueh, and conËaíníng a bÍnary ínteraction constant, was found to be

very satísfactory for the binary mixtures. Liquid-phase non-idealÍties

were obtained from a modífied van Laar equation. The one-parameter

solutíon model was used for all three systems at temperatures lo.¡er

than 200oC and it was found to be fairLy successful. For the system
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Acetone-Carbon tetrachloride at 250o and 27OoC the two-parameter

solutÍon model was used but even then the results r¡ere not quite

satisfactory.

To show the effect of pressure on liquid phase properties, the

partial molal liquíd volrrnes were calculated using a 1Íquíd phase

equation of state coupled wiLh an extension 16 fi1íwirrrcc nf thc

corresponding-states correlatíon of Lycknan et al. The pressure

correctíon (Poynting correctíon) to Ëhe activity coefficient in the

liquid phase was then calcul-ated from the parLial mo1al vohmes.

To show the dependence of actívity coefficíents on compositon, they

have been plotted as functions of the composition of one component

in the líquid phase.

The present study shows that the solution model of Prausnitz

et al has to be extended to ínclude Dolar components to make ít

more general. FÍnally, because the calculations involved in the

computer programs depend so much on the characteristic energy

between two dissimilar molecules. more work has to be done to evaluaËe

these ooËentials -
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APPENDIX

The programs SYMFIT, HENRYS, FITTING and the subroutines

VOLPAR, PHIMIX and CUBEQN used in the data are given in Appendix D

of the monograph by Prausnitz and Chueh (50). The informatíon for the

input data used Ín these programs was obtained as follows:

Tc, Pc and Vc for the four pure components \,rer e obtained

from Chatterjee (80). They are given below:

Subs tance

Acetone

Benzene

Chlorof orrn

Carbon TeÈrachloride

rc (oc)

235.0

288" 5

¿oJ. ¿

283. L5

Pn l¡fm')

46.96

/,4 ))

52 .59

44 "98

Vc ( cc /gmo1e)

2I3.5

260.r

243 "s6

279.6

equation (81) The acentríc factor o \,vas calculated from

û) = - log Ps I r* = O.Z - 1.00 (81)

and the vapor pressure of the pure components. The values obtaíned

v¡ere 0.309, 0.192, 0.211 and 0.207 for acetone, carbon tetrachloride,

benzene and chloroform respectively.

The dimensionless constants Qa, Qb in the Redlích-Kwong

equation were obtained by fittíng the Redlich-Kwong equatí-on (24) to

the volumetric data of the pure saturated vapor and pure saturated

liquid.
Liquid Phase

Qa nb

Acetone 0.3900 0.07 45

Benzene 0.4100 0 .0787

Chloroform 0.407L 0.0847

Carbon Tetrachloride 0.4L72 0.0868

Vapor Phase

Qa 0b

0. 4600 0. 0940

o "4450 0.0904

0.4176 0.0872

0.4276 0.0841
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The universal values commonly used are fì" = 0.4278 and fl' =

0.0867.

The corrections to geometric mean for Tcr* K.'Z for the vapor and

for the líquid were obtained from equation (36) and Table V. The same

value was used for both the vapor and liquid. The value of K' used

was 0.01 for the three binary systems.

The critical binary constant 2trr/ (Tc, + Tcr) was 0.008 for the

AceËone-Chloroform system, -0.033 for the Carbon Tetrachloríde-Acetone

system and -0.0030 for the Benzene-Carbon Tetrachloride system. The

correlaËing parameter for critical volumes 2rtZ/ (Vc, + Vcr) estimated from

the general-í-zed chart (50) was -0.0350 for the Acetone-Chloroform system,

-0.L240 for the Acetone-Carbon Tetrachloride svstem and -0.040 for the

Benzene-Carbon Tetrachloride svstem.
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