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COMPUTER EVALUATICH OF BINARY
VAPOR-LIQUID EQUILIBRIUM DATA

INTRODUCTION

Binary vapor-liquid equilibrium data are used in
the design and performance evaluation of costly equip-
ment involved in various separation processes, There-
fore, i1t is important to have accurate data on which to
rely.

There is a vast amount of vapor-liquid equilibrium
data in the literature reported at elther constant
temperature or constant pressure. Unfortunately, the
eceuracy of much of this data is questionable. For
many systems, conflicting results have been reported
thus presenting a confusing problem to the user of such
data.

Consequently, O. Redlich and A, T. Kister (7), (8)
have propesed two methods based on thermodynamic rela-
tions for testing such deta, The first method, which
is known as the area test, can be used to evaluate the
thermodynamic consistency of experimental data. The
slope test, as the second method is called, can be used
to pinpoint the errors in the inconsistent data.

Redlich end Kister (7), (8) also developed & power
series for smoothing experimental data which could be



used to classify the systems Acoordlng t¢o which terms
were necessary to define the data., However, Stockett

(12) found thet all of the terms are necessary to define
the data; and therefore, it would be difficult to classify
binary systems using this power serles. Therefore, it 1s
proposed that 2 new series of orthogonal polynomials be
used for this purpose,

Tﬁo Alwae ITI-E digital computer was used to eval-
nate previously published data for thermodynamic consis-
teney by means of the area test using the proposed ortho-
gonal polynomial series. For each set of data, the com-
puter algo determined the coefficients of the new power
series so that each system could be classified according

to the terms necessary to define the data,



THEORY

For binary mixtures, the basic equation used to
prediet vapor-liquid equilibria is A combination of the
laws of Raoult and Dalton expressed as
(1) ym = xPO,

This equation is applicable only for systems of ideal
solutions and ideal vapors, Since such systems seldom
are encountered in practice, it is therefore necessary
to correct for these deviations from ideality.

Te correct for the vapor phase deviations, Lewis
and Randall (4, p. 221, 328) suggested that the pressure
terms in equation (1) be replaced by fugacities. However,
when operating near atmospheric pressure, the fugacity
and pressure terms are nearly equal for most substances
and the use of either i1s acceptable.

The deviations of the liguid phese are more impor-
tant than those of the vapor phase and, in general, are
greater in magnitude., Even at low pressures most ligquids
deviate from ideality. These liquid phase deviations are
corrected for by a factor, ¥, called the activity co-
efficient. For low pressures where the fugacity is
equal to the pressure, equaticn (1) now becomes

(2) ym = ¥xP°,
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The activity coefficient is obtained easily by rearrang-

- ing equation (2) to the form

(3) Y= i%b o

In a binary mixture, the activity coefficients for
each compenent are not equal; but are related by the
Duhem equaticn in the form

(%) x, %ﬁf"f : (1-xp) Bﬁ:_x{ln: 0
, s

1t would involve a ccnsiderable amount of calcula-
tions to solve the Duhem equation precisely. Consequent-
ly, Margules (9, p. 54-56), van Lear (9, p. 56-60),
Secatchard (9, p. 59), and others have devised approxima-
tion methods for predicting the required activity co-
efficients from experimental data. The use of these ap-
proximation formulas introduces scme uncertainty as to
whether the deviations of the original values, as deter-
mined by equation (3), from the smoothed values are due
to experimental errors or to the insufficient validity
of the approximation formulas.

If experimental data are to be used to calculate
activity coefficients, some procedure must be used to
smooth the data. Also the data should be checked for
thermodynemic consistency to insure the best possible
results. Redlich and Kister (7), (8) have proposed a
method for binary systems which will smooth experimental



data snd also indicate its thermedynamic consistency.

A form of Scatchard's "excess free energy" equation
(11) is used as a starting point.
(5) Q= x logl + (L-x;) log ¥z
Applying the boundary conditions thet & =1 for x; = 1,
end ¥z = 1 for xp = 1, the excese free emergy function,
€, becomes zero for any pure component, Differentiation
of equation (5) with respect to x; ylelds the more use-
ful relation

(6) @& =-log ¥ = 1log Y, + x[ :l-o (1-x3) D%.Q&%
Eﬁi I xR J%%ngﬁ— -

At constant temperature and pressure, equations (4) and
(6) can be combined to yield

(7) = log .
vt -

Applying the boundary conditions that Q = 0 at x; = 0
and x3 = 1, it is evident that on integrating, equation

(7) Decomes

(8) Q= 5fllog ;1 dx; = 0.
2

Equation (8) can be used to evaluate the thermodynamic
consistency of experimentel data. The activity coeffi-
cients of the two components can be determined by means
of equation (3); and if the logarithm of their ratic is
plotted against the mole fraction of the more volatile
component in the ligquid phase, the net area under the
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resulting curve must equal zero or the experimental data
is not thermodynamically consistent, This area test is
strietly applicable only at constant temperature eand
pressure, However, for practical purposes it can be ex-
tended to data obtained over a moderately small boiling
range with little discrepancy.

Unfortunately, the area test does not give a clue
as to the source of any error in the experimental data,
That 1s, 1t does not tell whether the source of error is
due to the liquid or to the vapor composition, Therefcre,
Redlich and Kister (7), (&) have proposed a "slope test”
in order to pinpoint these errors. In this test, equa-
tion (2) 48 logarithmically differentiated and substitut-
ed into the Duhem equation, equation (4), to obtain

(9) 4t = SL.L*J!(J_L!;_L]J. QL(
ayy v, (1=-y, I._l 1-xy) M__zzl

This equation may be used to calculate the glope of the

dewpoint curve (y; vs t) at varicus experimental points.
Unless the experimental data are thermodynamically con-
sistent, the calculated slopes will not lie tangent to

the curve drawn through the data., This calculation is
very sensitive to differences in composition., If the
vapor composition is high or the liquid compeosition low,
the calculated slope will be greater than the experimental
slope; and if the reverse is true, the calculated slope



will be smaeller, Equation (9), having been obtained
through the use of the Duhem equation, is strictly ap-
plicable only at constant temperature and pressure,
Hewever, it is sufficiently accurate to allow for small
changes in either temperature or pressure,

In order to smooth experimental data, Redlich and
Kister (7), (8) suggested that the function & be repre-
sented by a power series in x;, Since Q = 0 for x3 = 0
end x; = 1, it was necessary to include the factor
xl(l-xl) in every term of the series, It was &lso de-
sirable to develop the series with respect to a variable
which is symmetric with respect to the twoe components,
The simplest variable of this kind is (2x;-1), Applica-
tion of these conditions gave for Q the series
(10) € = x(1-x)) [B » 6(2x-1) + D(2x3-1)2 « B(2x;-1)7,
Differentiating equation (10) with respect to x; yields

(11) = B(1-2x,) 4 C[-1 + 6x, (1-x,)
gﬁ; x) 4+ [: x, xi:l+

D(le-l)[zﬁ . le(l-xiZI + 2(211-1)2[5;010x1(1-%;].
Combining equations (7) and (11) yields

(12) log § = B-2x)) + C [1+ éx(2-x0] »
2

D(2x;-1) [-1 + 8x) (1-x)] + E(2x;-1)% [Fls10x; (1-x)],
Not only is this series flexible and convenient to

use, but it alsc furnishes a natural method for classify-

ing systems, A system may be classified according to



which terms are neceegsary to define the function log
(U;/K;). Redlich and Kister (7, p. 346) suggest five
different types of systems ranging from a perfect solu-
tion where all the cecefficients are equal to zero to a
highly imperfect solution which would require four terams.

Using the Alwac II1I-E digital computer, Stockett
(12) calculated the coefficients to equation (12) from
experimental data obtained on several systems that ranged
from nearly ideal to extremely imperfect., The author
concluded that "satisfying the method of classifying
binary systems, as proposed by Redlich and Kister, would
be difficult unless one beforehand has some idea as to
which classification a system in question belongs,"

Consequently, it has been suggested that the func-
tion log (§;/Y,) might be represented better by a series
of orthogonal pelynomials, such as the Legendre polyno-
mials for the intervel zero to ome., Thus, log (¥/¥)
would be represented by the series
(13) 1log §i = aPo(x;) 4 BPy(x;) + oPa(x)) + dPy(x;) +

2

ePy(x;)
where (6, p. 260)
(1%) P (x) =1,
(15) Pylx)) =1 - 2xy,
(16) Palxy) = 1 - 6x + 6x;°,



(17) Pylxy) = 1 - 12% + 30 x,° = 20 x;°,
and
(18) Ph(xl)

These orthogonal polynomials have two very impor-

1 - 20m + 90 X2 - 140x;7 + 70x; ",

tant properties, namely (6, p. 260-261)
(19)

'O}P.(xl) Pn(xl) dxl = O
when m # n, and

) 2,
P da = -
'g; " (xl) 1 m + 1

when m = n,

Multiplying both sides of equation (13) by Py(x;)
dx; and integrating between the limits x; = 0 and x; = 1,
yields

(21) 2
P,(x,) log ax, = QJ;P (x;) ax
-g; [ Ao § §% 3 @ ‘Y1 1
1
- qg}Potxl) Py(x;) dxg + egrro(xl) Palxy) ax,;

1
s Qd}Po(xI) Palxy) dx; » qgfrc(xl) Pulxy) dx;.

From the conditions given by equations (14), (19), and
(20), equation (21) reduces to

v 6}1 a a
08 X 4 °
L oax



In comparing equations (8) amd (22), i1t will be noted

that in order for the experimental data to be thermo-

dynamically consistent equation (22), and consequently
the coefficient "a", must be equal to zero. Thus, the
first ccefficient of this series indicates the results
of the area test.

The remaining coefficients, b, ¢, 4, and e, of

10

equatiocn (13) can be determined by multiplying both sides

of that equation by P;(x;) dxy, Pa(x;) ax, , Pj(‘l) dx, ,
or Py(x;) dx, respectively and integrating between the
limits x; = 0 and x; = 1. Expressed mathematically,

(23) 3lp( ;%
x og ax; ,
{1 1 % 1

& 5{1P2(xl) log % axy ,

(24)

o
]

(25)

=7
I

i Zg;PB(xl) log §% ax; ,

" Qg;Pu(xl) log ;1_1:1.
2

It will be noted that all the coefficients in the

(26)

Legendre polynomial series can be evaluated by plotting
the function Pp(x,) log (&/¥z) against x; and deter-
mining the net area under the curves., This method for

evaluating the coefficients has the advantage that terms

can be dropped from the series without affecting the
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value of the remaining coefficients. That is, for a
given set of data, the value of each coefficient is in-
dependent of the number of terms in the series.

Like the series proposed by Redlich and Kister,
this series can be used to classify various systems. The
greater the deviaticn of a system from ideality, the
greater the number of terms necessary to define the

funetion log (¥y/¥3).
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DISCUSSION OF COMPUTER OPERATION

To test binary vapor-liguid equilibrium data ob-
tained from the literature for thermodynamic consisteney,
the mathematical relationships involved were programmed
on the Alwac I1I-E digital computer,

The overall routine consists of twenty-one channels
of instruction and twenty-two channels fer information
storage, Up to twenty experimental points can be handled
by the routine, Figure 1 1s a schematic diagram of the
calculations made by the computer for each set of data,

In order to apply the area test as expressed by
equation (8), it was necessary to obtain vapor pressure
data for each component under consideration, This was
accomplished by using the Antoine equation,

B
(27) log P° = A -
" T

which expressese the logarithm of the vapor pressure eés a
function of three constants and the temperature. In most
cases, the constants in this equaticn were readily avail-
able (3), (10, p. 336-367).

Most vapor-liquid equilibrium data found in the
literature are presented in tabular form with the com-
positions of the more volatile component in both liquid
and vapor pheses glven at various temperatures; the total



13
2
INPUT X, COUNT NUMBER OF VALUES
Y, « - - -
I
COMPARE NUMBER
T » " - INPUT TT INPUT A,B.C
__‘Lﬂ R — gy K Vo T NALUES STORE IN 52 &  STORE IN 52 SOLVE LOG ’°'A—i':.r
1 CONTINUE IF Nyt Ny Ny SCALED 16—16 SCALED 1616
Yy IN SI OTHERWISE STOP
TN 52
SCALED 16— 16
2
N N N
¥
COMPUTE (1—2X) CONPUTE LOU . USIE STORE 3, IN 53 SoiiE Y T e TG
- b——_
STORE IN 56_ -— LOG SUBROUTINE @ STORE Xl IN 54 [ xpe === eX SUBROUTINE
SCALED 16—16 STORE IN 55 SCALED 16—16 SCALED 16—16
SCALED 16—16 SGALED 1618
N N N
COPY TO 3
MPUT
COMPUTE < E'?u:x(f- <] COMPUTE [~ 1+8x0-X)]) (2Xx—1) (1) — 55 COPY TO 4 comiilE
| [-1+ ex(i-% STORE IN 58 SCALED 16~16 (2)— 58 J (1)—56 %(3—4)
STORE IN 5 (3)— 57 (2):51 :
SCALED 16-16 2 (4)—358 (3)—s8 SCALED 16-16
(5)— 59 {'4)—4a9
3 6[?:‘:3:5_,‘] compuTE [F1+10x(0-x)(2x~1? 4
STORE IN 59 SCALED 16— 16
5
N
4 NON—-ZERO
JUMP
PUT IN END PUT IN END SOLVE FOR STORE 2. IN COMPARE 'S
— PoINT VALUES COPY 30 POINT VALUES COPY 55 8,C,0.E IN PROPER CONVERT & TO ek STORE 'S
STORE IN 56 STORE IN 58 To 2 SUBROUTINE LOGATION FOR FLOATING POINT IF MISTAKE IN:5A
SUBROUTINE
5
N+ 2 N+2 N+ 2 N+2
21 N+2 N +1
‘ COMPUTE COMPUTE COMPUTE QONPITE COMPUTE
COMPUTE BX COMPUTE F,(X) p,(x,)Loch BX,) |.oci,1 Py(X,) LOG 3 ”4“‘."~°G¥ a,b,cd.e PRINT OUT
STORE IN 57 STORE IN 58 » 2 2 ¥; STORE IN oF STORED IN 57 RESULTS
SCALED 1616 SCALED 16-16 STORE W SC STORE IN 50 STORE IN 5€ b
SCALED 8-24 SCALED 8-24 SCALED 8-24 SCALED 8-24 SCALED 16-16

DIAGRAM OF COMPUTER OPERATIONS

FIGURE |



14
pressure of the system remaining constant. Each set of
X, ¥, t data followed by the total pressure and the con-
stants for the Antoine equation were punched on tape. As
each punched tape of data was fed to the computer, a
scheme checked to see that the same number of x, y, and ¢
data points were accepted by the machine, If the come
puter did not accept the same number of x, y, and ¢t
values, it was instructed to stop., It then would be
necessary to correct the error and resubmit the data.

Once the necessary data were inserted and stored,
the computer proceeded to calculate vapor pressures,
activity coefficients, and the logarithm of the ratio of
the activity coefficients for each experimental point,

For each experimental point, the computer next cal-
culated the polynomials represented by the right half of
equation (12), Utilizing this deta and the logarithms
of the ratio of the activity coefficients, the computer
proceeded to determine the coefficients of equation (12)
by the method of least squares.

These ccefficients then were used to determine the
values of the logarithm of the ratio of the activity co-
efficients at the end points; e.g.
at x3 = 0
(28) 1log §1 =B-C4D~-E

2
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andatxl-l
(29) 1og -B-C-D-E
%-

The next step in the routine involved the calcula-
tion of the preduct of the logarithm of the ratio of the
activity coefficients and the proper Legendre polynomial
for each data point., This was done by making use of the

recurrence relationship

(30) (m %) P (x) = (zﬁ (m {;.)u-le)rn(xl)

- ( ‘:&i‘) (“l&)l’n-ﬂ‘l) ;

The trapezoidal rule in the form of

(31) J +1
P_(x,) log dx :ig (xy) log )
n'‘%y % 1 En 1 %k

+ (P (x;) log &, %)

(n ﬁ-)k;] kel "k

was used in evaluating the coefficients of equation (13).
Upon substituting these coefficients (&, b, ¢, d, and e)
into equation (13), the resulting expression best repre-
sents the smoothed data. The first coefficient, a, re-
presents the results of the area test and indicates the

thermodynamic consistency of the experimental data.



16
DISCUSSION OF RESULTS

The experimental and calculated results are pre-
sented in tables 1 through 26 for the systems acetone =
acetic acid (2, p., 10), acetone - methanol (2, p. 19),
acetone - water (2, p. 22-23), benzene - cyclohexane
(2, p. 29), benzene - ethylene dichloride (2, p., 33),
carbon disulfide =~ acetone (2, p. 49), carbon tetrachlo~
ride - ethyl acetate (2, p. 58), carbon tetrachloride -
n-propancl (2, p. 59), eyclohexane - cyclohexene (2, p.
67), eyclohexane - 2, 2, 3 trimethylbutene (2, p, 69),
ethanol ~ trichlorcethylene (2, p, 86), ethanol - water
(2, p. 91-92), ethyl acetate - benzene (5, p. 62-64),
ethyl acetate - ethanol (2, p. 95), ethyl acetate -
ethylene dichloride (5, p. 60-61), n-heptane - methyl
cyclohexane (2, p. 108), n-heptane - toluene (2, p. 109),
methanol - benzene (2, p. 138), methancl - trichloroethyl-
ene (2, p., 142), methanol - water (2, p. 143), isccctane -
toluene (2, p. 178), n-propanol - water (2, p. 193),
toluene - n-octane (2, p., 200-202), toluene - phenol
(2, p. 203), water - acetic acid (2, p. 208-210), and
water - n-butanol (2, p. 213). Two sets of data, each at
a different pressure, were examined for the systems
acetone - water and toluene - n-cctane, Two sets of data

at the same pressure were examined for the system water -
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acetic acld,

As previously stated, the area test as proposed by
Redlich and Kister is applicable for data obtalned over
a moderately small boiling range. The greatest tempera-
ture difference encountered was epproximately sixty de-
grees centigrade, However, nearly all of the data had a
temperature range of less than thirty degrees centigrade.
Redlich and Kister have applied the area test to data
where the boiling range was about fourty-six degrees
centigrade, Along with this, 1t was stated (8, p. 51)
that this interval was "somewhat too large for the striect
validity of equation (8), but any likely deviation from
(8) would increase the discrepancy." The results of the
area test for the systems acetone - acetic acid and
toluene - phenol can be considered only approximations
due to the large temperature range.

By means of the area test, the computer checked the
experimental data for thermodynamic consistency. It also
calculated the coefficients of equations (12) and (13).

To evaluate the coefficlents of equation (13), it
was necessary to extrapolate the function log (¥,/V,) to
the end points x; =0 and x = 1. The ccefficients of
equation (12) in the form expressed by equations (28) and
(29) were used for this purpcse. It is felt that this
was the best method of extrapclating as all the experimentsl
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points were used and not just the values near the end
peints,.

For each set of data, experimental and calculated
values of the funetion log (¥, /J,) were obtained. The
experimental values were determined by means of equation
(3); and equation (13) was used to determine the calou-
lated values,

It was found that the experimental results and
those determined by means of equation (13) agreed quite
well even though the data were not thermodynamically con-
pistent, However, this was not true for the series pro-
posed by Redlich and Kister, If the data were consistent
or nearly so, the results determined by means of the
Redlich Kister series, equation (12), and the Legendre
polynomial series, equation (13), agreed very well with
the experimental results (see figure 2). For inconsistent
data, the results determined means of equation (12) did
not agree with the experimental results (see figure 3).
When the two series are compared term by term, the
reason for this discrepancy becomes apparent. The first
term in the Legendre polynodial series is a constant
which is equal to zero only if the experimental data 1s
thermcdynamically consistent. The Redlich Kister seriles
does not contain such a term,

It was found that the data for most of the systems
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studied were not thermocdynamically consistent, Data for
the systems benzene - cyclohexane, ethyl acetate -~ ben-
zene, ethyl acetate - ethanol, ethyl acetate - ethylene
dichleride, n-heptane - toluene, methanol - benzene,
methanol -« trichlorocethylene, and iscoctane - toluene
were found to be fairly consistent, The only thermo-
dynamically consistent data were for the systems benzene -
ethylene dichloride and ethanol - trichloroethylene, For
all practical purposes, the system benzene - ethylene
dichloride cen be considered an ideal system because the
activity coefficients were all very close to one, For
an ideal system, the function log (07/¥;) equals zero
for all values of Xx;.

For nearly all the systems studied, i1t was found
that the experimental data were represented best by using
all the terme in equation (13), The systems whose data
were found to be consistent or nearly so, possibly could
be clasgified as Redlich and Kister proposed since some

of the coefficients were relatively small,
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CONCLUSICONS

The majority of the vapor-liquid equilibrium data
studied did not satisfy the Redlich and Kister area
test for thermodynamic consistency.

The Legendre polynomial series will define the funec-
tion log ( ¥1/ ¥2) very satisfactorily even though
the experimental data may be thefnodynanicall: incon-
sistent, The Redlich-Kister series will give as good
results only if the experimental data is consistent.
The Legendre polynomial series has the added advantage
over the Redlich-Kister series in that the first co-
efficient indicates the thermodynamic consistency of
the experimental data,

Experimental data that satisfies the Redlich and
Kister area test poseibly could be classified accord-
ing to the number of terms in the proposed series
that are necessary to define the data. In order to
eclassify the systems it will first be necessary te
determine the importance of each term in the series
by means of statistical anslysis. The data appeared
to be represented best when all of the terms in the

proposed series were used,
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RECOMMENDATIONS

l. It strongly is recommended that work be continued to
evaluate binary vapor-liquid equilibrium data for
thermedynamic consistency.

2, The author advises that the proposed Legendre poly-
nomial series be used to define the function log
(3,/85).

3. Statistical analysis should be used to determine the
importance of each coefficient in the Legendre poly-

nomial series,



2k

KOMENCLATURE
Symbol Description Units
AL B C constants of the Antcine equation none
B, C, D, E coefficients of the Redlich Kister none
power series
a, b, e, coefficients of the Legendre poly- none
da, e nomial series
k, m, n integers 0, 1, 2, 3, &, *°'"° none
N number of experimental data points none
P° vapor pressure of a pure component mm Hg
P.(xl), Legendre polynomlals of order m none
Q excess free energy function none
t temperature °¢
x mole fraction in the liquid phase none
y mole fraction in the vapor phase none
¥ activity coefficient none
™ total pressure mm Hg
s 3 subscript denoting more volatile none
component
2 subseript denoting less vclatile none

component
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TABLE 1

EXPERIMENTAL AND CALCULATED DATA

System:

B

v

= 7.0247
= 116100

= 224,0

Boiling Points:
Acetone - 56,5°C (lbcp- 703)

Acetic Acid - 118.1
760 mm Hg

Total Pressure:

-9390

s e
33agaseeEBREEEE

P20 o®

8¢

ot

8E%E

B828BEBVLEDE

829
388

il
«5231

<5765
.5521
«5925
«T957
082”
8227

1.0396
1.0599
1.0075

.9161

Acetone - Acetic Acid
Antoine Constants:

7.29963

A
§ = 1479.02
__2 =

216,81

(1, p. €95)
Calc,
e 1o g
84{2 g ZE
lolm -03“ --31&'
low -om - 333“
1.1515 -.30k7 -.3323
loml --3132 "03276
1.1“3 -cms "032“
1,1652 -.32bk -.3070
1.1922 -.3037 =.2772
1-2138 ‘01852 .ON'I
10%76 --m -02337
2‘]8 -om --1932
1035” -01917 -0165“
1021” -om e
10“51 -.m? -om”
.7980  .0805  .082h4
9643 .0326 .0902
-6739  .1967  .1503
.5701 2473 .1962
.3766  .3861  .k211
B = -.m5
C = .0058
D = ,0hko2
E = --Oﬂs
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TABLE 2

EXPERTMENTAL AND CALCULATED DATA

System: Acetone - Methanol

Antoine Constants:
%]_ = 7.0247 %2 = 8.07246

= 1161.0 2 = 1574.99
T - 2240 C; = 238.86
-l

Beiling Points:
Acetone - 56. 5°C (1, p. 703)
Methanol - 64.65°C (

Total Pressure: 760 mm Hg

EXp§.
 ;
TR TN TR | TR T
Ok80  .1k00  62.90 2.3316 .9628  .3841
.:;gg 3170  60.10 1.5785 .9887  .2032
. k200 58.30 1. 1.0341 .1302
4000 .5160 57.20 1.2458 1.0836 .0606
cm om ”om lom lamz -CM
167& ¢7m ,5 .10 lom 10 3123 s -m
om om ;; 2 iom i.kgg ‘.ang
'9” om . om 07 -
om .9{@ 5‘.10 0%3 1.3(“ ’oﬂh’

g = .0275

b = 3282 B = 3006

c = -Oﬂa c = "0“2“

a= 118 b= o651

e = ,0328 E = _.ouo9

1, p. 1023)
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tosh

4317
.}gg;
.0k23
°om
‘o°,7h
e
3089



TABLE 3

EXPERIMENTAL AND CALCULATED DATA

System: Acetone - Water
Antoine Constants:

A, = 7.0247 As = 7.966E1
B} - 1i61.0 B - 164821

Boiling Points:
Acetone - 56.5°C (1, p. 703)
Water - 100°C (1, p. 623
Total Pressure: 200 mo ﬁg

Expt . Calg.

log 10531

i, vl i sl ¥ et /-3 ¥2
‘03“ -m wam 6.17” o”n om ogm
0550 7150 k1.50 5.7970 1.008%  .7596 .81k
1540  .7920 33.20 3.1733 1.2930 B 4558
A7T70  .83%  30.70 3.239%0 1.1859 . -3934
3110 .8620 27.60 2.% 1.4539 1710 -1301
om om 25.” 1- 10“ -00776 -.W‘GZ
.61& . aom ]nmk 2-5511 --3021 ‘0”36
-7” om 8-“ 1.06“ 3-1@ - M -.5352

19030 .ok70 22,80 1.0028 5.2871 =.7220
-m om 22.30 0”15 5'6“9 "w

a = -om

b= B = 7755
= e C = om

g * -ﬁ D = 0171

e = amz E = -o.lm

b 4
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TABLE 3 (Continued)

System: Acetone-Water
Total Pressure: 500 mm Hg

o0 o®

G0 i,
62.30 6.4503
59.60 5.67h6
56.80 k.5137
55.00 3.6169
52.70 3.8448
51.30 2.6k438
ko.ko 1.8217
48.60 1.5263
k7.90 1.2010
b6.50 1.0802
45.70 1.0080
5.0  .9917
-om

. )

1125

d211

061k

Expt. Cale.
log 'u log l]-
o 3 P Iz
8562  .8770  .8785
1'm o7 -8233
1.0002 .6 7019
1.0601  .5330 5842
l.08kk  .5660  .5622
10109 '3771 03m
1.3102 'nsl .1233
1.5227 .0010 ~.0020
z'mzz -o2~31 '02158
2.9357 ~.h3k2 -.4127
B'mu ~-m9 -.6059
h.6630 -.6723 -.7079
B = .8048
C = -om
D = .0800
E = =.1296

30



TABLE &4

EXPERIMENTAL AND CALCULATED DATA

System: Benzene - Cyclohexano
Anteine Constants:

A, = 6.90565 4 = 6.84498
B; = 1211.033 B, = 1203.526
C, = 220.79 C; = 222,863

Boiling P%inta:
Benzene - 80.1°C (1, p. 755)
Cyeclohexane - 80.740C (1, p. 869)

Total Pressure: 759 mm Hg :

Expt Cale.
log h log §l
x y t ¥ Y2 - 82 2

‘ l“” +0 &)-20 1:”55 1.0001 <11 0'1215
<0660 ;ogzg 80.00 1.2750 1.001h4 .IDE; .1136
om” ‘12” 79.” lom lom 0”30 o,m
«1180 .1450 79.30 1.2579 1.0111  .0949  .0966
.25“ ‘m 73-20 lom 100“5 oWlZ 0“31
.3830 .hoTO 77.50 1.1505 1.0591 .03 .0322
om om : T(.m 1.1151 1-“12 oog 00“6
. ”w . ”m 77 JO' lom 1.”” » -ms - -m31
og”sx '5‘” :;7702 ioﬁ iom‘ -.Oﬂ -.0&8
. . . . oM -0'0 -.036‘
o“” 06210 770& 100391 1017” -og -.0552
.7m o“m 77.70 1.01 10 2“38 oot | s -0w17
.7,” -71 78-& 1-0 10 “3“ - omz - 00930
om .7 780& lom 1-”21 'ow -om
083” uw 78.” low lom -.1155 -.1165
.W 0&70 78!70 l‘m 1.3~3I ‘tm .ow
-% -“” 78-” lnm 1-3313 -olm -om
o% 5”71; gcg iomﬁ 103512 -olﬁz -om
. - . .m29 03575 - 5 -omz
om om 790” lom lom ‘olm ‘ow

a = 'omm

b = . B = 015

c = om C = 00122

d = -.0129 D = --0332

e = 00178 E = -00176
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TABLE 5

EXPERIMENTAL AND CALCULATED DATA

System: Benzene - Ethyleme Dichloride
Antoine Constants:
= 1211,033 2 = 1358.46
1 = 220.79 S5 = 2322

Boiling Points:

Benzene - 80.1°C (1, p. 755)

Ethylene Dichloride - 83.5°C (1, p. 917)
Total Pressure: 760 mm Hg.

Expt, Cale,

il 1°EL{J£ 1“%

t
e I

0550 83 9969  .9992 -.0010  .0002
1100  83.1% 1.0025 .9990  .0015 -.0001
. uw ﬂt.79 om om - oml om

82. om lom 'cm om

82.10 1.0017 9987  .0013 0006
. sm 31.77 oms Jnm "omz tms
6250 81.k3 1.0000 +9997 .0001 .0001
«7220 81.09 1.0005

iw m.?‘ om Lmz: 'om -ow
om mohz 1-”1 1.“21 'ow cm
«9550 80.27 1.0000 +9958 .0018 .0010

a = .0002

b = .0000 B = ,0003

c = -MS C = om,

d = =.0009 D =<.0013

e = 0012 E =-.,0018



TABLE 6

EXPERIMENTAL AND CALCULATED DATA

System: Carbon Disulfide - Acetone
Antcine Constants: -

A = 6,85145  Ag = 7.0247
Bl = 1122,5 Bs = 1161.0
S, = 236,46 §22 = 224,0

Boiling Points:
Carbon Disulfide - 46,3°C (1, p. 837)
Acetone - 56.5°C (1, p. 703)

Total Pressure: 760 mm Hg.

Expt. Cal

S Y £ N K2 l-oﬁ 108
001” -0832 SH.W 3-“% 10“9 . 53“ - ’618
Ol76  .1850 a;.ho 3.208% 1.0096  .51k2 zaoe
L1380  .3510 .60 2.5800 1.0502 .3918 h29k
1858 .A4k30 k.00 2.5647 1.0552 .3857 .3681
2012 .5275 W1.b0 2.12M1 1.1337 2727 2486
om .w ~0.30 lom 1.2]52 olm 01“2
Ak77  .5980 39.80 1.6530 1.3158 .0991  .0808
”3& 06270 39-” 10.’ 2~ Lm’ -.Wﬂ .MS
.‘Sm -6610 39010 1. & . lom’ -011” -tm
o.m 070” 39.” 1.125\1 20”1, -om -°3m
8023 .7230 39.60 1.1228 2.5526 -.3567 ~-.3558
8799 .7600  h0.50 1.0439 3.5171 ~.5275 ~-.5390
9683 .8860 b43.50 1.0006 5.652% -.7520 -.8272

a = -.01.15

b = oém B = 962“

c = "1335 (; = om

a = 1152 D = L0677

e = 'om', E = 00316



EXPERIMENTAL AND CALCULATED DATA

System:

TABLE 7

Carbon Tetrachloride - Ethyl Acetate
Antoine Constants:

= 6.93390

1242,43

= 230.0

Boiling Points:
Carbon Tetrachloride - 76.8°C (1, f. 839)
Ethyl Acetate - 77.15°C (1, p. 695

Total Pressure:

A, = 7,
82
= 21

-F

685 mm Hg,

09608
38.71
7.0

Expt.

DT RTINS (8 P ...

.0500

HER

O ow

Wi nonn

73.60
73.10
72.50
72.10
71.80
7%-5‘2
71.

71.60
71.80
72.10
72.60
72.90

.0189
1438
.0073
-.0020

.0123

1.3800
1.3325
1.2506
1.1785
1.1297
1.0880
1.051k
1.0kk9
1.0152

-9989

<9976

.9800

.9895
1.0051
1.0323
1.0723
1.0789
1.1309
1.1949
1.2316
1.2292

mO QW

nouun

+1489
-1333

019
ot
5 -
-.0k68
-.0778

-.0921
-.0906

-1437

.0143
0277

Cale.
log

34



TABLE 8
EXPERIMENI AL ARD CALCULATED DATA

System: Carbon Tetrachloride - n-Propancl
Antoine Constants:

-4'-1 = 6093390 .4.2 - 7-99733
By = 1242,43 By = 1569.70
€, = 230.0 S, = 209.5

Beiling Points:
Carbon Tetrachloride - 76.8°C (1, p. 839)
n-Propanol - 97.19° ¢ (1, p. 1115)

Total Pressure: 760 mm Hg. Expt. Cale,

x, A & X1 ¢ e 108
0580 .2530 90.80 2.8810 1.0229  .hhoT  .4O65
1410 .4500  8k.50 2.5198 1.0690 .3772 .3831
om 3 .6330 18.” 10” low o“’l o&
Ahl0 7070 TE?QD 1.6398 1.2731 .1099 0943
5220 .739%0 7h.TO  1.M9T7 l.gg 40315  .032k
ow” om 73-” IOM 10 -01657 ’012”
.m oalm 73.~0 1.1015 R.MS -om "037’5
oa’m .8310 13.“ lom SIM ‘o“ﬂ '.“n
9500 .8950  Th.20 1.0122 S5.4778 -.733% -.8027

b = . B =

c = ‘01613 C = o%

d = .1601 D = .0965

e = --03&1 E = .M

35



TABLE 9

EXPERIMENTAL AND CALCULATED DATA

System: Cyclohexane - Cyclohexene
Antcine Constants:
%1 6.84498 A, = 6,88617
By = 1203,526  Ba = 1229,973
91 222,863 §§ = 224,104

Boiling Points:
Cyclohexane - 80,.74°C (1, p. 869)
Cyclohexene -~ 83°C (1, p. 873)
Total Pressure: 741 mm Hg.

Expt., Calc,

PSRN 3 P O 5 T

0150 0349  82.10 2.1806 .9808 .3470  .h361
0990 .1350 82.00 1.2802 9640 1232 1162
.% + 2000 81.70 «9520 11,0121 -.0266 -.0369
. +5650 80.%0 1.0152 .9818 0145 .0k10
«5780 .6000 80.80 1.0102 9871 .0100 -0l32
.6630 .6800 80.60 1l.0041 .99k9 .00k  .0311
7050 .7350 80.50 1.0238 .9441  .0352  .0193
JTH20 .7600 B0.40 1.0088 .9807 .0123  .0087
.83” o&” mc” lom ‘m” oom -own
‘ 9190  80.20 1.007h .Bgk9 .05l  .0345
. -9’” “.10 1om :’m .lﬂﬂ om

a = 0“36

b = .ﬂOl B = -OOﬂ

c = .MSS C = -.M5

d = .61 D = .1758

e = 1700 E = «.1559



System:

TABLE 10

37

EXPERIMENTAL AND CALCULATED DATA

Antoine Constants:

%p 6.84498
= 1203, 526

§11= 222,863

Boiling Points:

s SRR T S, i

0420
.1180
«2250
-2790

-3350
.h8ko
«5170
.5220
.6650
<7570
8340
.8710
.9120
.9k00
+9630

Cyclohexane - 80,74°C (1éopé8§69)

Ax= 6,79230
Bo= 1200.563
Co= 226.05

2,2,3 Trimethylbutane -
Total Pressure:;

0660 80.00
1490  79.90
.2550 79.80
.3060  79.70
. 79.60
Ah30  79.50
4910 79.40
.5180 79.h0
.5220 79.h0
6580  79.40
7480  79.50
8230 79.60
8600 79.70
9000 79.80
9270  79.90
.9520 80.00

a = -om
b= lm
cC = 003“
d =. “23
e = om%

Cyclohexane - 2,2,3 Trimethylbutane

C (10 p. 807)

744 mm Hg.
Expt. Cale
y, 108 g- 108
1.5725 .9795  .2056  .2021
1.2678  .9722  .1153  .1296
1.3  .9715 .0699  .0635
1.1078  .9757 .0551  .Ok2k
1.0586 . .0296 .0188
1'°3~9 10“52 o0125 .0115
1.0380 1.0088 0107 .0071
1.0213 1.0205 .0003 -00k7
100193 100227 - -m om
1-002~ 1.0“2 -.0227 - om
lom 10057“ bt oms -.Om
ow 1om ‘00351 - 0“62
om 1.1“1 e - om
. ”37 lom i om " om
-m 1. m ’om -o”36
-9895 1.303% -.1297 -.1069
B = ow
C S e 003“
D = ,0631
E = .0061



TABLE 11

EXPERIMENTAL AND CALCULATED DATA

System: Ethanol - Trichloroethylene
Antoine Constants:

A; = 8,16290 A = 7.02808
By = 1623,22 By = 1315.04
Cy = 228,98 s = 230,0

Boiling Points:
Ethanol - 78.5°C (1, p. 913)
Trichloroethylene - 87°C (1, p. 917)
Total Pressure: 760 mm Hg,

Expt. Calc,
{1 i log {Jz' log g%

i VRIS M. =3

03 . 83.40 5.7180 1.0217 .7h80 1.0254
.OZﬁ g -% 60 ’o?@ 1.0313 -m:. .
<0282 .2400 78 70 8.% 1.0136  .9177 .
0550 .3570 Th.20 7.6602 8758 .
0680 .3720 73.00 6.7799 1.050k  .8099  .8h66
1130 .h200 71.60 L4.8791 1.0677 .6599 )
2810 .4810 71.20 2.2847 1l.1945 .2816 .
-5” -52” m.m 1-3701 1-65“ -.ﬁSﬁ ‘on%
& .5280 70.80 1.3220 1.7283 -.1164 -.1562
.5m 70-” 10“36 2-0219 -oaﬁ .-ﬁn
.7T160 .56K0  71.00 1.0601 3825
077” om 710” 1-M 2083% -ohB” - ~333
_.w -Gm 710“ 1002“ 3 . 20]8 - tm e ~'723

8500 .6570 72.20  .9899  3.6602 --g'laa =+5173
om n?’” TS-W 1-0510 303912 we -tsm
9090 .7730  73.h0 1.0367 3.8375 -.568h4 --5&)3
ogw oam 7“0“ 1um 3-% -.M -.
OM .w 750w 100“2 3.%2, -om -06178
.m om 750“ 100& hom --63” - 6395
.WTO 09210 76.” 1.0260 hoam "'6122 006536

a = ‘om

b.= om B = o7w

c = 01956 C = -01633

d = .0592 D = «.0272

e = .m36 E = .Wn



TABLE 12

EXPERIMENTAL AND CALCULATED DATA

System: Ethanol - Water
Antoine Constants:

“ = §,16290 Az = 7,96681
__1 = 1623..22 Bz = 1668 21

Beiling Points?
Ethanol - ?8 5°C (1, p. 913)
Water - 100°C (1, p. 623)
Total Pressure: 380 mm Hg,

.__:s,_._x._. v o iy s s

OM 78010 h-‘m 1.“19 om 07m
2505 76.00 k.3635 .9753  .6507  .67h3
3765 72.80 3.9853 .9727 .
4300 69.30 3.6335 1.0Bkhk  .5415 .E::S
5005  67.70 2.6h07 lugzgg +3999 .

.

BE5ERRESRER

:sus eq.so 2.0k92 1.

i G
:R:o a’; i:gg iiasg -.0600 -.0702
.6890 a..?S 1.0580 1.52:7:79 ::22322 :1%
e A -~ B o e~
680 63.20 1.0045 1.8037 -.2542 -.2615
.8].11 63.” 093” 109131 .om -om
om 62070 0“70 z.lm -oah.m -om
62.50  .9698 2.2338 -.362% ~-.3584
8973 63.60 .9228 2.1Mk5 -.3662 -.3735
om 630” om 2.3w1 -..958 -oum

3 SR
? "3’%

121 92 63.00 k33 23003 -.heds .33
a = -00123
b = 453503 B =~ -5365
c = om C = -,
a = ,0562 D = .&35
e = «-,0111 E = 00173



{ABLE 13

EXPERIMENTAL AND CALCULATED DATA

System: Ethyl Acetate - Benzene
Antoine Constantséoa ¥ ¢ 565
Ay = 7,09 = 6,90
B = 1238.71 Bs = 1211.033

Boiling Points:

Ethyl Acetate - 77,15°C (1, p. 695)

Benzene - 80.1° ¢ (1, p. 755)
Total Pressure: 760 mm Hg.

: Expt. Calc,
P2, T SRBE LYY . JBOE 1°“}]£ 1°8{']2'

L0680 0760 T79.7h 1.0760 .9982 .0326 ,0381
-m - mm 79062 lom . mz om .0323
-:2;? 1580 79.32 lngzg; <999k .0253 0217
LAH15 L1615 79.30 1. 1.0011 .0203 0209
1825 .2060 79.07 1.0451 1.0026 .0180 .0150
L1970 .2210 79.02 1.0k03 1.0030 0159 .0133
«2565 .2830 78.77 1.0316 1.0048 L0114 .0079
.3040 .3310 78.60 1.0237 1.0069 0072 .0050
.Eg;g «3825 78.32 1.0152 1.01 -.0001 0024
- w 70.1* 10013, 100 'om -om
4665 bgzs 77.98 1.0129 1.0159 «.0013 ~.0027
063w o6m 770& tm 10033, - Om -.0“6
-7020 OTM 770“ 0”33 lom - 0209 "Dom
575 7665  TT.34 9914 1.0492 -.0246 ~.0259
8135 .8190 77.28 .988k 1.0595 -.0301 -.0303
B7h0 8775 T7.23 9873 1.0629 ~.0320 ~.0335
9115 .9135 T77.20 9865 1.0696 -.0351 ~-.0341
09'32 OWM T’ol? om 10“” -.0326 ‘00316

a = .omz

b = .0388 B = .0367

cC = oMl C = «,0006

d = om” D = ow,z

e = .0109 E = "oOl*
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TABLE 14

EXPERIMENTAL AND CALCULATED DATA

System: Ethyl Acetate - Ethanol
Antoine Constants:
A = 7.09808 Az = 8,16290

By = 1238,71 Bp = 1623.22
§i = 217.0 Gr = 228,98

Boiling Points:
Ethyl Acetate - 77 15°C (1, p. 695)
Ethanol - 78,5°C (1, p. 3)

Total Pressure: 760 mm Hg.

Expt. Cale
ﬁ {2 log ﬁ log %

y

- -9 - & S F . @ & 659

$BEEREREEREY ¢

&
3

76.60 2.0483 1.0125 3060 -3
1870 75.50 1.9473 1.0113  .2845 zgg
oww 130” 10677’ 100377 .'2031 om
.3890 72.80 1.5739 1.0906 .1322 1229
4570 72,10 1.334k 1.1638  .059%  .0529
.51& 710& 1. 2170 lom -.Om -ow

5400 71.80 1.1800 1.3020 ~.0427 -.0kO2
. ’7& 71-” 101& 1-37“ -'M -.Wﬂ
0m 720” lom lom -.15” -om
o7m nom l.m 1- 6”8 - 2179 - m
.8370 7~-TO -m lcm - g-zr; -a ﬂ39

.9m 760& om 1-“10 o -om
a = -oml
b = ow B = tw
c = .Om C = v¢0]37
a = .0123 D = «.0246
e = om” E = -.WSS



ABLE 15

EXPERIMENTAL AND CALCULATED DATA

System: Ethyl Acetate - Ethylene Dichloride
Antcine Constants:
%1 = 7,09808 Ar = 7,18431
1 = 1238.71  Bo = 1358,
Ty = 217 Cy = 232,2

Boiling Points:
Ethyl Acetate - 77.15°C (1, p. 695)
Ethylene Diechloride - 83.560 (1, p. 917)
Total Pressure: 760 am Hg.

Expt. Calec.

X AR 38 81 §2 losﬁ log
00517 .0521 83 o“ .8110 lom - .0911 - -m
.”” 00979 83Q~'3 08219 om - ow'l - .0&2
oml -1336 83039 ‘.5215 ow -.0851 —.0&5
JA777 .18k 83.37 ang o9h2  -.0735 -.0769
. 2713 . m g ogg . o% > .0“0 - om
0318’ o% 32.3( o”’l om -.3:2 -QM
3935 .h265 82.56 .8970 .9729 ~-.0353 ~.0273
.ms . m 32.13 09176 .ﬁ -oom --0128
-m, . m 810& -9 . -.WGZ --m
053” ‘” 31 76 09336 c93’7 -.m -own
5670 .6205 Bl . 9337  .0020  .OOkk

62” om, mo“ om oglm 001 oom
6998 .7580 80.35 .9621 .8898 .0 -0260
Th85 .8038 79.90 9679 .8736 .Ol4s .0368
8002 .8503 79.38  .97h0  .8532  .0575  .0519
8362 .8825 78. -9807  .8279  .0735  .0656
9240 .9k85 - 78.05 .9827 .8055 .0863 .1152
9628 .9789  77.55  .989k  .685F  .150h  .1h6T

a = - om

b= . m B= . om

c = 0277 C = «.0135

d = = .0139 D= - -0181

Q: = Oom E = -.0311



EXPERIMENTAL AND CALCULATED DATA

System:
Antoine Constants:

= 6,90240
By = 1268.,115
Cy = 216.9

Boiling Pecints:

i

n-Heptane - Methyl Cyclohexane

n-Heptane - 94.43°C (1, p. 951)

TABLE

16

A, = 6,82689
Ezz = 1272.864
gz - 221.63

43

Methyl Cyclohexane - 100.3°C (1, p. 869)
Total Pressure:

A

.0309
.0580
09350
1330
oml,
-27.

-3630
.holo
4560

giEBIsatie

. o

-0350
0620
.1030
-1430
.1920
-28%0
.3610
-4200
4750
.5210

6180
.6660
.7260

OO0 od

100.70

100.60

e & ¢ 8 8 4 s 0

L AR B Sy O

2888888088888 ERER
58YBB 28888 LBB8LEY

760 mm Hg,
Expt.

ailae. . Ll e
1.0586 1.002k .
1.0032 1-@,2 - o%
1.0205 1.0034 007k
1.0150 1.0035 -0050
1.0099 1.0031 .0029
1.0166 . 1.0021 .0063
1.0053 1.0006 .0020
1.0061 .9998  .0027
1.0065 1.0022 .0019
1.0136 1.0054  .0035
1.0045 1.0063  .0035
1.0151 1.0023 .0055
1.0156  .9930  .0098
1.012k  .9952  .007k
1.0073 .9970 .00k
1.0103 o7kl .0158
1.0055 .95918 .0059
1.0075 9317 -0339
1.0067 .8736 0616
1.0069  .7525 @ .1265

B = ..0006

C = -om

e

Calc,
10g

0225
0133
00k8



TABLE 17

EXPERIMENTAL AND CALCULATED DATA

System: n-Heptane - Toluene
Antoine Constants:

Ay = 6,90240  Ap = 6.95464
%1 = 1268,115 By = 1344,8
G, = 216,9 C; = 219,482

Bolling Points:
n-Heptane - 94,43°C (1, p. 951)
Toluene - 110.63°C (1, p. 1173)
Total Pressure: 760 mm Hg,

Expt., Cale.
Y log g log
v WP SN IR . SR ¢

0250 080 110.75 1.3555 «9729 A1 .1287
0620 .1070 108.60 1.2921 1.0088 1075 1191
«1290 .2050 106.80 1.2507 1.0188 .0890  .097h
1850 .2750 105.65 1.2080 1.0269 .0706 .O771
«2350 .3330 104.80 1.1795 1.0 .0580 .0588
«2500 .3490 104.50 1.1719 1.0 0533 <0534
.2860 . 103.83 1.1846 1.0303 .0606 .0kOO
+3550 .45h0 102,95 1.1250 1.0567 0272 .0195
4120 5040 102.25 1.0948 1.0768 .0072  .0OM1
M . m 101.78 1.% 1007“ .ms -om
4550 .5400 101.72 1.0784 1.0047 -.0065 =-.0056
omo . m 101. 35 10“3 lom --On"( -00135
cm 06370 ]m.'fo 1-“95 lom -.0297 -.0253
om cm mo“ lo“w loms -.0322 --0259
o@” -7520 ” c73 100322 lolm - OM " -WS
oa“” om w‘” 1.0107 1. 223'{ » om -.W“
om OM ”o” 1-“3 lom -om’ -om
ow” 'W“ ”JO Lm lcms ~c1383 i -olm
9940  .9930  98.33 1.0018 1.6789 -.2243 -.17h5

a = -om

b = Qm B = o]m

c = .0029 C = -.02h

a = DO”’ D = Omz

e = «-.0218 E = 00530



TABLE 18

EXPERIMENTAL AND CALCULATED DATA

System: Methanol - Benzene
Antoine Constants?
Ay = 8,07246 As = 6.90565

By = 1574.99 B = 1211.033
g - o7

238.86
Bolling Points:

= 220.79

Methanol - 64,65°C (1, p. 1023)

Benzene - 80.1°9C (1, p. 755)
Total Pressure: 760 mm Hg,

Expt. Calch

31 ORI TTRGOT. U . SO | 1°‘4ﬁ1°3}.z_
0280 .3100 69.k0 9.1587 9990  .9622 1.0810
0500 .3950 66.80 T.2226 .9776 .8685 < .9906
0570 4200 65.70 7.0311 .9799  .8558  .9631
.0900 .hsggg 6,;..23 g.ogg: 1.9’;:8 -7658 %2
200 13600 9.2 3.77hh 9986 .76er 1Moo
2700 .5750 58.00 2.7678 1.2137 .3580  .3487
JAh00 .5850 57.80 1.7h23 1.5560 .09l  .0M6O
om om 57070 1om 1.”51 -.1611 -.1751
-@” 062” 57.60 1.1882 2.@3 -om -osk,—’
-3170 -65” 58.10 100377 309162 ‘om -.56@
.83” om ”'” og,” 5017“ .07171 -om
9020 .7300 59.60  .9852 S5.h2k5 -.7MO8 -.7321
09”0 .&m “.m 1.01“ ,om -o7ﬂ -cm’
o6k o0 Grho Lo soT b o073
9879 9420 6340  .9963 B8.2981 -.9204 -.9206

a = -om

b = .9458 B =- .9127

c = .m C = -om

d = 'om D = 0“27

e = 40265 E = .0013

k5



" TABLE 19

EXPERIMENTAL AND CALCULATED DATA

System: Methanol - Trichloroethylene
Antoine Constants:
%1 = 83017:246 g -7, O%BOE
= 1574.99 = 1315.0
Cr = 238,86 G5 = 230.0

Boiling Points:
Methanol - 64.65°C (1, p. 1023)
Trichloroethylene - 87 (1, p. 917)
Total Pressure: 760 mm Hg.

Expt. Calec,

X+ _12_.. log% logﬁ

bl kel £
om .0“50 33-” 23.51” l.“62 103“36 lom
.Om om 78.” koMl Jnmz .56“ lcm
0320 .25M0  75.30 5.2650 1.11k2  .67hk  1.0547
om om 70-10 7.2”5 I.M om.’ 1'0‘33
0450 .B430  67.30 8.8284 1.1012 .90k0 1.00k0
0510 .h720 66.10 8.6962 1.0947  .9000  .9812
.09k0 .6000 60.90 7.3717 1.0429  .8493  .8290
+2370 .64KO0  60.40 3.2020 1.1221  .W55k  .h369
.3000 .6420 60.10 2.5526 1.2433  .312k  .3045
.3480 .6400 60.10 2.1936 1.3423  .2133 .2146
a’?& om ”-“ lom lom "01532 'olm
om oém ”oho Lna 2032“2 --2615 ‘02615
07“ om ,9.“ 101679 2 m -.3‘12 -03”3
om .7@ ”u” lom 3.7“2 --53“ -.5610
ow ‘T,m “om lo“w h w ..“” ..m
am oam &070 1.0332 s.‘sh, - va ™ 07621
'M om ﬂ.w 1.0!37 6.“732 -om ‘0&25
‘m owm 61-& lom Gom’ .Qms "c“’h
9800 .9330  62.50 1.0310 7.k739 ~-.8603 -.876h4
9920 .9630  63.30 1.0183 10.0396 -.9939 ~-.9013

a = .0068

b = .okl0 B = .8548

G = .10]8 C =".°m

d = .1120 D = .1002

e = 00& E =-o°13k



TABLE 20

EXPERIMENTAL AND CALCULATED DATA

System: Methanol - Water
Antoline Constants

= 8, 072% Ap = 7,96681
3{ = 1574,9 B; = 166,21
Cj = 238, 88’ - 228.0

Beiling Points:
Methanol - 64,65°C (1, p. 1023)
Water - 100°C (1, p. 623)
Total Pressure: 760 mm Hg.

Expt, Cale,

ARV MM - NS SR ¢ 1os fL 1o

0200 .1339 96.40 2.1476 1.006k  .3292 .32
OO0 .2300 93.50 2.0271 1.016k4 .2998 3o§
«0600 .3080 91.20 1.9271 1.0226  .2752  .2902
.0800 36” 89.30 1.8493 1.02hkb 2565 «2720
1000 87.70 1.788% 1.0205 .2436 .
olm . 5110 8‘.‘0 1.6519 1.°1W m’ - 33
«2000 .5790 8L.70 1. 1.0513 1615  .1638
-3000 .6650 78.00 1.3: 1.1107 .0790  .0798
4000 .7290 75.30 1.2088 1.1722 0134 .0065
om om 73.10 1.12]0 1- 2533 --0502 -.Om
om -3250 710& 1.“23 1-3”’ -.1“3 --1023
«T000 ; am &.30 1-0321 lohsu --m -.M
-m 091” 67.“ 1.01” 1. 53“2 -017” -.17u
+9000 .95& 66.00 1.0040 1.5273 -+ 2097 -.2101
Q9m .97% 65 .00 1.9108 lim -.m -ow

a = --0137

b= . m B = B 23]5

c = .0703 C = -.0589

d = .0120 D = -.NIQ +

e == -m E=a .W35



EXPERIMENTAL AND CALCULATED DATA

System:

TABLE 21

Isooctane - Toluene
Antoine Constants:

- 6 e 8198“
= 1262,49
= 221.271

A
5

Boiling Points:

Total Pressure:;

PGS AR /T
0201 .0345
0699 .1125
0736 .1238
L1400 .2030
.2180 .3020
.286% .3806
4097  .5050
4712 L5490
520k .5960
5793 6392
6180 .67h6
«7220 .7673
.8020 .8290
.8870 .9010
9181 .9260
9661 .9685

a
b
(6]
Gl
e

y

e o o s

288EIBEE8EVE8ESY

g BBEEREESREREEE

&

1
g
&

= 6,95464

By = 1344,
Co = 219,482

8

Igooetane - 99,3°C (1, p. 1069)
Toluene - 110.63°C (1, Pe 1173)

760 mm Hg.
Expt. Cale,
Lol Msgf leef
i.:g;? «O9k5 - J10k7 L1016
. : 0905  .0955
1.2865 .9907  .113h  .09h3
:Tigg; lugggg .052; .g;;;
10637 o5k oM 0377
1.0823 1.0191 .0261  .0122
1om 1.0552 '-“3 -m
loow low .om -om
cm lomﬁ .00326 -oom
1.0186 1.1055 -.0355 =-.0254
1.@85 lom -om e “%
lum” 1.1727 -.““ -'“38
9941 1.1968 -.0806 -.0873
9983 1.2896 -.0975 -.0973
.9978 lom .olm -.m5
B e th
C = -cmst
D = .0095
E = .0085



k9
TABLE 22

EXPERIMENTAL AND CALCULATED DATA

System: n-Propenocl - Water
Antoine Constants:33 o iaksha
= 7.997 = 7.9
51 = 1569,70 :22 = 1668.21
_E_l = 209,5 Cp = 226.0

Beiling Points:
n-Propancl - 97.19°C (1, p. 1115)
Water - 100°C (1, p. 623)

Total Pressure: 760 mm Hg.

Expt. Cllco

p _xp esft sl

T TS PURAEE 0N
0100 .1100 95.00 12.0259 1.0777 1.0876 1.21h47
0200 2160  92.00 13 27176 1.0721 1.0929 1.1511
000  .3200 90.50 10.h469 1.0045 1.0170 1.0317
0600 .3510 89.30 8.0167 1.0248  .893k  .9218
.m 037” “-” 5 m 10“79 .6929 o7w
+2000 .3920 88.10 2.8201 1.1811 +3780 3696
.3000 .hok0 87.90 1.9535 1.333%  .1659 .17
om om 07.& lcm lom o@l .ow
okam ohsm 8’ o” 1- ~5“ 10 ﬂu ”» 00332 - .N3
om -55” mow 1.311“ lcm -om -onM
6000 .ho20 88.30 1.1702 1.9585 -.2236 -.2068
J7000 .5510 89.00 1.0018 2.2470 ~-.3135 -.2969
om oam ”’w 1-0‘61 2.55 -0%2 -03&9
0% .m g}.g iugg 2.837693 -.bm -o&
. o’?m . . 2t z - -
om om 9’0” 1.m3 2.99'{6 -.“3 -om

a =

b = 72 B = om

c = om C = -.2‘26

d =, D = .1367

e = 0757 E = -.0795



TABLE 23

EXPERIMENTAL AND CALCULATED DATA

System: Toluene - n-Octane
Antoine Constants:
%1 = 6,95464 Ar = 6,92377
1 = 13k4,8 %2 = 1355.126
C; = 219.482 2 = 209.517

Boiling Points:
Toluene - 110,63°C (1, p. 1173)
n-Octane - 125.8°C (1, p. 1053)
Total Pressure: 400 mm Hg.

Expt. Cale,
% I X [E log E% log

-0179 0“70 m.w 2‘ ’5& 1.0 . 2 .
0520 .1500 100.00 2.0739 1.0271; 333767 33:6%
0950 .2330 98.50 1.8459 1.0138 «2603 .3031
1650 .3650 97.00 1.7437 .9559 «2610 .2619
2200 kOO 95.40 1.6567 9520 . 2h06 .2287
.SW Q.SO lom OM .ESZ oma
<9077 2220 1799

.2880

22 2 Bw im AR
. - . * 09’ . .
750 .6330 93.50 1.1718 .5884 ?713; 35’3
«5050 .6700 92.50 1.20k2 9753 0916 0938
;gg .6950 92.00 1l.1761 9975 0715 .0817

<7050 91.50 1.1390 1.063k 0 0721
.“@ -mm 91.” lom om ag ogr”
015” om w.TO lcm 1.01“ -0222 om
gm .“20 9030 100236 1om -owzs "omn
om ow” 39.3) 1-“15 1’0611 om o .0113
om .9220 ”om 10“’5 101628 "c“l -om’
om .9m w.” 10“77 lom owz, ‘o°7~8
o%w omw &.m 1.0299 Lm 'OM -om’
a = L1125
b = ,2153 B = ,2059
c = 0137 C = -.0573
d = .0354 D = .03k
e = -.027h E = .0033



System:
Total Pressure:

I e .

+0090
+0300
-0600
-1100
+1950
. zm
+3250

.034%0
0780
-1500
+2200
+3300
1250

.6550

OO0 oD

TABLE 23, Continued

Toluene - n-Octane
760 mm Hg,

.00
.00
122.20

3

. - - L

EEEEEEEEEEES
BE88L8E8VEST

{8k38
Se0%

-0333

il | iy

2.6208
1.8527

e

1.3417

- 1.4077

1.2639
1.2826
1.1980

1.1095
1.1162

1.0681
1.0k2k
1.0210
1.0227

Expt. Cale.

log {% log g%

1.0211
1.02k1

.9966
1.0080
1.0053

HoOWw
o onou

k093 3429
.257h 3065
.2614 +2618
1769 +2037
1254 1422
1617  .1205
<0975 .1051
.1301 .0983
ow om
0220 0758
.0695 .0508
.0185 011k
-.0235 ~.0299
> 'M - OW“
-.0709 -.1012
1573
.0911

-.0979

51



TABLE 24

EXPERIMENTAL AND CALCULATED DATA

System: Toluene - Phenol
Antoine Constante!:

Ay = 6,95464  As = 7,13617
By = 1344.8 = 1518.1
G, = 219.482 G5 = 175.0

Boiling Points:
Toluene - 110.63°C (1, p. 1173)
Phenol - 182°C (1, p. 1077)
Total Pressure: 760 mm Hg.

Expt.
g i, wilat: ke d JXs Los {1

O35 3809 172,70 1.7757  .8892  .3003
0872 .5120 159.40 1.7550 1.0201 «2318
JA186 .6210 153.80 1.7693 .9890 .2526
6250 ' 1h9.k0 1.8683 1.1383 .2151
om “2. 20 1. ms 093~° . m

8070 133.80 1.5860 1.2189 @ .11h3
. 08125 '128.30 1.3275 1.2109 .0399
. om 126070 101# 10 ﬁn -, .0225
0% 091” mo” lomz lnm ‘o]m
6 -91& 120.20 1.1222 1. 5&8 ’013&

.- &

§8dEE

o‘m om m.w 1.”’5 1.&9’ -clm
-ThO0  .9463 119.70  .99k9 1.6254% -.2132
cm .95“ 119-\0 0“76 10@3 -.2250
-8012 .9545 115.60 1.0365 2.120k -.3127
cm .97’0 112.70 1-0‘02 202631 -o3376
cgm cm mow loom z.k’a“ ‘oms
930k 9861 113.30  .9735 2.3493 -.3826
-ym om mom 10”6 2.5537 ‘ohos’
-”10 om mom -”36 2.% -om
-m om m0” 1.“)55 20”’3 -.‘7“

a = -0“36

b - .3886 B = .3978

C: = 000119 C = OM

d = -oms D = -.02“

e = «.0022 E = 'm,

- M35

52



TABLE 25

EXPERIMENTAL AND CALCULATED DATA

System: Water - Acetic Acid
Antoine Constants!

A, = 7,96681 Ap = 7,29963
B = 1868.21 B2 = 1479.02
gi = 228,0 §§ = 216.81

Boiling Points:

Water - 100°C (1, p. 623)

Acetic Acid - 118.1% (1, p. 695)
Total Pressure: 760 mm Hg,

Expt. Calce,
R SR T R _ap eft 1Y

0045 0114 117.50 1.h0W8 1.0051 « 145k 1597
0890 .1560 109.10 1.2777 1.2193 .0203  .0511
01 om m’o“ 1033“ 10 m" 0011’ .W“
3285 4760 103.00 1.3031 1.2536 .0168  .0045
k7h0  .6240 101.60 1.2437 1.2033  .01k3  .0134
‘m’ a“” IBI.ZO lolm lom -.0135 .m33
.63@ 07~” mo” lnm lom -00271 --0133
o1~” 08170 WO& 10"6 lom -.0‘1& -ow
om -m mo“ ] 1.0 10“ 'om -.N
-9” om m-m loom 10816 'o“ﬂ -.0753

% s -.0112 B %
= -m " 007

c = ,0052 G ow -“*
d = 00*5 D - .0131
e = . E = -.0991



System:
Total FPressure:

I Sy 5

R

.0920
.1670
«3020
4250
»5300
6260
7160
7950
.86k0
9300
-9630

(Ul eTNe NN o gty

TABLE 25, Continued

Water - Acetic Acid

-

SBEREREREEE
BBEEREBBERE

-.0318
.0528
.gt;g
.0060

760 mm Hg.
Expt. Calc,
log % log
i (RN ¢ e
1.0881 100318 -0231 00305
lom ]um -owaa oms
10&3 1-11& ‘-0191 .00195
1.090k 1.1383 -.0187 -.0285
lom 1.“72 -.02” ‘-0276
1.0722 1.“71 -.0293 -.0138
1.0657 1.1330 -.0266 -.0231
b L ox om
. . 3 e -e
1oon~ ltm -.m ‘om
10“29 10”15 -.1]32 "01079
B = .okl
C = .0287
D = .ok
E = -,0101



IABLE 26

EXPERIMENTAL AND CALCULATED DATA

System: Water - n-Butanol
Antoine Constants:
81 - 1668 21 _2 = 1392
€ = 228,0 ¢, = 182,
Boiling Points:
Water - 100°C (1, g 623)
n-Butanocl - 117. ?1 ¢ (1, p. 813)

6
Z
66

Total Pressure: 760 mm Hg.
Expt, Cale,

log % log &

s eild i sl Iz

0389 .2670 111.50 &.6113 .9562  .6833  .6203
O70 .2000 110.60 k.%093 9536  .6650 .6829
0550 .3230 100.60 &.2090 -96h1 .6401 .7358
0700 .3520 108.80 3.7027 5664 5834  .8125

«2570 .6290 97.90 2.6393 1.0619 +3954 «3575
«2920 .6550 96.70 z.zgg 1.0884 .3657 1845
.3050 .6620 96.30 2. 1.1043 .3515 1254
L4960 .7360 93.50 1.8802 1.3365  .1k82 -.0017
om om 930” 1om 10“5 '1391 -.WSG
.5520 .7500 92.90 1.7606 1.k603 0812 .0906
5730 .7500 92.80 1.702% 1.5385 .0439 1762
9750 .7520 92.70 1.0060 26.1850 -1.4152 4909
9800 .7560  93.00 «9959 31.7832 -1-5031 -k, 7565
9850 .7750  93.40 1.0007 38.4358 -1.5845 -5.0322
om . 93-70 100& m.m -10”53 ‘5 m
«9920 .8430 95.40 1.0038 W6.2777 ~1.6639 -5.4340
om .8839 “-m om “300’21 '1"3” '5 5520
9970 .9290 98.30  .990k k9.k198 -1.6982 -5.7316
9980 .9510 98.40 1.0092 51.0781 -1.7045 -5.7929
«9990 .9810 99.h0 1.0033 37.7513 ~1.5757 -5.8536

2 = -,1038

b = 1.3001 B = .8334

c =1,2118 C = .2843

a = 1.73“ D = '35“8

e ="105m E = -2232



