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SUMART 

Isothermal vapor-liquid equilibrium relationships were deter¬ 

mined at 95° C in a Colburn still for the ternary mixture water - 

n-propanol - monoethanolamine and its three binary mixtures. The van 

Laar equation tvas found to describe the alcohol - water binary slightly 

better than the three-suffix Magules equation. The reverse was found 

to be true for the amine - water system. Because of a ^concentration” 

effect, none of the equations employed in this investigation were 

very successful in predicting the amine - alcohol system. The Margules 

equation ms found to have greater possibilities than either the van 

Laar or the symmetrical equations in predicting the ternary activity 

coefficients for this system. 

It was shown from thi3 and a parallel investigation that an 

estimate of the accuracy of predicted ternary activity coefficients 

may be obtained from the correlation of the binary data. 
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NOMENCLATURE 

i 

constants evaluated from binary mixtures, 

constant evaluated from ternary mixtures, 

partial free energy of one mole of compon¬ 

ent i in mixture# 

free energy of one mole of the pure substance 

i. 

nonideality term in the expression for the 

free energy of one mole of a mixture, 

number of moles of component i. 

vapor pressure of component i. 

effective molal volume of component i» 

gas constant, 

absolute temperature. 

mole fraction of component i in the liquid, 

mole fraction of component i in the vapor 

phase. 

generalised volume fraction of component i. 

nonideality term in the expression for the 

activity coefficient, 

total pressure. 

activity coefficient of the component i. 

liquid specific volume for component i. 

second virial coefficient of component i. 



INTRODUCTION 

Purpose of Investigation 

The purpose of the investigations reported in this thesis is to 

determine isothermal vapor liquid relationships of the ternary sys¬ 

tem, water - monoethanolamine - n-propanol and its three binary mix¬ 

tures, and to determine the accuracy of certain empirical thermodynamic 

formulas in predicting these relationships. 

Nature of the Problem 

In the case where ideal solution laws can not be applied, the 

prediction of equilibrium compositions for multicomponent mixtures is 

difficult. One of the obstacles is the variation of fugacity with com¬ 

position. A convenient method upon which to base calculations is to 

use the pure liquids before they are mixed as the basis, and than to 

determine the deviation which results from mixing the components. 

Thus, all deviations except those associated with the gas law are in¬ 

corporated into a single value, the activity coefficient, /. There¬ 

fore, the problem is reduced to the evaluation of the effect of compos¬ 

ition upon the activity coefficient. 

Various methods have been proposed for estimating l/from a 

minimum of experimental information for the mixture. Any method pro¬ 

posed for evaluating the activity coefficients must satisfy the Gibbs - 

Duhem equation to be valid. 

Although the effect of composition can not be ascertained from 

thermodynamics alone, there is a definite thermodynamic relationship 
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that correlates the effects of composition on all components in the 

mixture. This is known as the Gibbs - Buhem relation. 

Theoretically this equation applies only to a process carried 

out at constant temperature and constant total pressure on the liquid 

phase. However, since the termodynamic potentials in liquid solution 

are relatively insensitive to changes in pressure, Equation (1) may be 

applied over the entire composition range without restriction on the 

pressure. An exact form of the Gibbs - Duhem equation at constant temp¬ 

erature is presented in the appendix of this thesis. 

Empirical equations commonly used for correlation of activity 

coefficients are most conveniently derived from the concept of the ex¬ 

cess free energy of mixing. The total free energy, F, of a homogene¬ 

ous system can be expressed as: 

where nj_ is the number of moles, x^ is the mole fraction, F? is the 

molal free energy of pure component i, and AF is the nonideality term. 

The last term in equation (2) was designated by Scatchard and Hamer 

(14) as the excess free energy of the solution. 

ion of the partial free energy, Fl» o£ component one is obtained. 

(1) 

(2) 

By differentiating equation (2) with respect to n^, an express- 
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It is seen that 

$n/ 
1 ^ 

Therefore, an egression relating the excess free energy, AF, to the 

composition of the solution must be found before the activity coefficient 

may be calculated* 

It was pointed out by Wohl (17) that the equations commonly 

used are special cases of the general expression 

AX = 
RT 

= ^ qi Xi) ^ A.h * ifihj. (3) 

where q is the effective molal volume of component i and Z is the 

effective volume fraction of component i* Subscripts i', h, j, each 

correspond to any component of the mixture in the terms of the indicated 

summation* Equation (3) is designated a three-suffix relation as char¬ 

acterized by the last term. Each additional summation introduces added 

constants to permit improved representation (8). The effective molal 

volume, q, in Equation (3) serves to relate the effective volume frac¬ 

tions z to the mole fractions x. vrhere, 

Si = 
xi q2/qi X2 S-j- % 

z2 = X? q2/qi 
X1 f *2 g*3 

An excellent presentation is given by either Wohl (17) or Hougen and 

Watson (8) of the expansion of the general equation ( Equation 3 ) into 

the specific forms. 

These general equations developed by Wohl (17) involve three 

constants, A, B, and qi/q2 for binary systems. These three constants 

must be determined for each system under consideration. Additional 

constants are added for application of these equations to ternary mixtures. 
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Five different equations have been selected to be applied to 

the ternary system under consideration. 

1. Two-suffix; Symmetrical 

log = Xg2 A-JJJ •** X^2 + X2 X3 (A^ AJ_2 - A23) 

2. Two-suffix van Laar 

108 = Al-2 + X32 Al-3 +J£2 *3 

iSf (A1-2 + A3..3 - A3_2 ^)] ^ +X2 jjgj + X3 
2 

3 • Three-suffix Margules 

loe^l = ^22 Al-2 + 2xl (A2-l*"Al-2)J + X32 [AI»3+2X!(A3_i-Ai_3)j 

+ x2x3 £A2_1 + Ai_3 - A3_2 .+ 2xi (A3-I-A1-3) + 2x3 (A3_2-A2_3) 

-c (1-2X;L) 

4* Three-suffix Symmetrical 

log / x 
=i X22 AX2 + X3

2
 A13 ■+ -^2X3 ['&12 ^ A13 ~ A23 ~c(l-2xi)J 

5* Three-suffix van Laar 

i°8 ^ = r*a2 2+ */ AX.^JU^ . 

(AI_2 ■*A1_3 - A3_2 - c(l-2xx)J 4- (xj^+^2 

The difference between the various empirical equations rises 

from the manner in which the factor ®q® is approached in Equation (3). 

Van Laar (15) assumed that - $2-1 , Sj = and therefore 

A^^fhsl ib=2 ,.v 
A2-3 

A1-3 A2-l W 

where Ai_2 ••• etc are end values of the activity coefficients. The 

applicability of the ternary van Laar is limited by Equation (4). 

According to this equation the dissymmetry of the third binary pair is 
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given by the dissymmetry of the other tiro binary pairs so that for the 

description of the complete ternary system only five independent vari¬ 

ables are available (17)• 

Benedict, Johnson, Solomon, and Rubin (1) in the development 

of their symmetrical equations assumed that the end values of the activi¬ 

ty coefficients in a ternary system are equal. This is obviously an 

oversimplification but here the question is whether or not it is a 

lucky short cut which fits the facts as well as more complicated forms. 

Margules (12) assumed that 1 for binary application. 

By extending the Margules three-suffix equations to ternary systems the 

restriction of equation (4) can be removed. 



Discussion of Necessary Data 

Under conditions such that the vapors nay be considered ideal 

gases'* the activity coefficient nay be represented by: 

A .£iL 
Pi*i 

where 

^i - activity coefficient for Component i 

4/ - total pressure 

y£ - mole fraction of component i in vapor 

x± - mole fraction of' component i in liquid ' 

Pivapor pressure of component i at the existing temp. 

*” 
1 < 

If the vapors are not ideal the following equation should be 

used: 

/i a ^1 ^ Yj 

Pi Xi : (Ref. 5) 

where * ‘ ! • 

si ~ <**PlO (Pi-^) (Vi-%) /2.303 RT 

Vi - liquid specific volume for component 1 

% - second virial coefficient of component 1 

The correction term *2* involves the assumption that the equation of 

state of the gas phase is 

V6^ X *f(Bi * RT/^) (Ref. 1) 

and that there is no volume change on mixing the constituents of the 

liquid phase. 
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The virial coefficient may be found from compressibility factors 

by the relation 

B- jteaJUB. 
'vr 

When the necessary data are unavailable, Wohl (16) suggested using 

% * (.197 - .012 Tr - .400 _ ,146 . 
pc Tr 

) 

for the determination of %• This relation is not too good for water, 

alcohol, and ammonia. Thus, in order to calculate z± the critical 

constants and the specific volumes must be known. For sub-atmospheric 

work, z is small and can usually be neglected, except in very accurate 

work (1). The value of was assumed to be unity in the evaluation of 

activity coefficients in this investigation. Therefore the calculation 

of ^ entailed the experimental determination of the total pressure 

and the compositions of both the liquid and vapor phases at a given 

temperature. 
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APPARATUS 

The vapor liquid equilibria were determined in the modified Col¬ 

burn still (4,11) illustrated in Figure 1. The design details are 

given by Buford and Griswold (2). The still consists of a residue 

chamber, a condensate chamber, and a vaporizer tube. The residue cham¬ 

ber is surrounded by a heater coil which maintains the liquid in the 

chamber at its boiling point. A second heating coil is wound over the 

entire length of the vaporising tube plus the section between the top 

surface of tte boiling liquid and the condenser. The function of this 

element is to vaporise the returning liquid and to prevent condensation 

and refluxing before entry into the condenser. A third heating element 

is wrapped around the condensate chamber and it is used to keep the con¬ 

densate near its boiling point. The three windings are energised by 

separate variable-voltage transformers from a stabilised 110-volt 

alternating current power supply. 

All coils are noninductive wound to prevent any effect caused by 

an alternating current field on the copper-constantan thermocouple located 

in the residue chamber. A portable precision type Leeds and Northrop 

potentiometer is used to determine the temperature. 

The pressure is controlled by a Cartesian Manostateconnected to a 

Ceneo vacuum pump. A 150 cm well-type mercury manometer is used to 

measure the still pressure. 

The equilibrium still is incased in a cabinet to minimise fluct¬ 

uations caused by air currents. Figure 2 is a photograph of the entire 

apparatus. 



FIGURE 1 



PIGUIE 2 
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Materials 

De-ioniaed water was made alkaline and treated with potassium 

permanganate. This mixture was distilled through a 3-ft. fractionating 

column packed with glass helices. The product had a refractive index 

of 1.33252 n§5. 

Research Grade monoethanolamine and n-propanol was obtained from 

the Eastman Kodak Company. Their respective refractive indicesvas 

1.45268 and 1.38391 at 25°C. These values checked with those reported 

in the literature so no further purification %ms deemed necessary. The 

amine titrated as 99 / mole percent amine. Special precautions were 

taken to prevent exposure of the amine to the moist air because of its 

extrema hydroscopic nature. 

ANALYTICAL TECHNIQUE 

Calibrations and Standardisations 

Distilled water vras recycled in the equilibrium still while tem¬ 

perature vs. pressure readings were taken. The temperature readings were 

found to be 0.4°C. high assuming the pressure readings to be correct. 

StandardiSodium Carbonate (purity «* 99*98%) was dried for one 

horn* at 140°C. Four samples were weighed out in 250 ml Ehrlenmeyer 

flasks and titrated directly with the standard hydrochloric acid. 

Methyl purple was used as an indicator. After a premature end point the 

solutions were heated to 90°C. to remove dissolved CO2 and titrated to 

the final end point. The standardised hydrocholoric acid v/as used in 
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the determination of the amine concentration of the equilibrium samples. 

Analytical Procedure 

The water - alcohol binary samples were analyzed by the use of a 

Bailsch and Lomb precision rofractometer using a sodium vapor lamp illum¬ 

inator. The temperature of the rofractometer was maintained at 25.0 * 

•05°C. The amine concentration ms determined in the amine - water and 

amine - alcohol binary samples by titration with standard hydrochloric 

acid using methyl purple as an indicator. 

A combination of these two methods was used for the ternary analy¬ 

sis. The refractive index of several mixtures, with fixed ratio of 

alcohol to water, and the weight percent of amine as a variable, were 

determined. Figure (11) represents this data on a triangular diagram 

showing the relation between constant values of refractive index and the 

weight percent of each component. 

PROCEDURE 

Approximately 25 ml of sample were introduced into the apparatus 

through the overhead funnel of the still. The heating elements were 

turned on and the pressure adjusted to approximately the correct value. 

After a period of free circulation all controls were gradual$r adjusted 

until a constant temperature of 95»0 + .loC. was attained. The still was 

then allowed to operate one additional hour to insure a complete state 

of equilibrium. 
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To assure the necessary skill had been acquired to operate the 

Colburn still, various mixtures of ethyl alcohol and water were isobari- 

cally tested. Figure (3) shows a plot of those results together with 

the curve obtained by Colburn,. Johes, and Schoenbom (4).. 
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EXPERIMENTAL RESULTS 

The experimental data obtained for this investigation are pre¬ 

sented in tabular form in Tables (1) to (4) inclusive. The binary re¬ 

sults are shown graphically in Figures (4) to (6). Subscript 1 denotes 

n-propanol, 2, water, and 3, monoethanolamine. 

The activity coefficient curves for the binary data are dram to 

give the best fit to the data while still satisfying the Gibbs-Duhem 

equation. In Figures (9) and (10) the activity coefficient curve for 

monoethanolamine ms calculated from the other curve by the Gibbs-Duhem 

relationship. 

The ternary data are tabulated in Table (4). A partial graphical 

representation of the ternary dkta is given in Figure (7) to show the 

extent of coverage. The equilibrium, points are connected by a straight 

line. 

The vapor pressure of monoethanolamine at 95°C. was experimently 

determined as 36 mm while according to the Dow Chemical Compary (7) this 

value is approximately 36 mm. A small pressure error makes a large 

error in the activity coefficient of the amine, therefore, the ternary 

amine activity coefficient must be accepted with some reservations. 
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INTERPRETATION OF DATA 

Preliminary Calculations 

u 
In order to ascertain which equation shold represent the 

ternary system the binary two-suffix van Laar and three-suffix, 

Margules equations were calculated. These results are presented 

on the Log plots (Figures 8, 9» and 10) to show the comparison be¬ 

tween the experimental and calculated values. 

It is seen that the van Laar equation fits the n-propanol - 

water data better than the Margules equation. This is to be expected 

since the value of B/A is approximately two and no special concentra¬ 

tion effects are encountered (17),• It is to be noted that except for 

low concentrations of water the Margules equation is also qualitatively 

correct. The values of the van Laar constants of this system compare 

very well with those reported in Perry (13). 

The van Laar equation is more limited than the Margules equa¬ 

tion in its possibilities. The activity coefficients can neither change 

sign nor pass through a maximum or a minimum. Because of this restric¬ 

tion the van Laar equation fails even qualitatively to predict the 

amine-water system (Figure 9)» This system is not unique in its behav¬ 

ior since the system chloroform - ethyl alcohol is also of this kind (3). 

The three-suffix Margules equation is qualitatively correct and the in¬ 

troduction of additional terms in the equation could no doubt improve 

its quantitative validity. 
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The two binary systems thus far discussed may be termed "normal" 

systems since no special concentration effects are encountered. How¬ 

ever, the amine - alcohol system (Figure 10) appears to deviate from a 

"normal" system at high concentration of amine. In this system, the 

two van Laar binary constants are of opposite sign. Van Laar himself 

(15) interpreted these constants as van der Waal's proper mole volumes. 

Therefore, constants of opposite sign have no physical significance in 

the van Laar equation. This is brought out after observing the erratic 

behavior of the van Laar equation for this system (Figure 10 and Table 

IX). The Margules equation is not so adversely affected from binary 

constants of opposite sign. And, although the Margules equation can 

not account for concentration effects, it approaches a qualitative 

correlation at high alcohol concentrations. 

The applicability of the ternary van Laar equations is restrict¬ 

ed by the condition expressed in Equation 3» In the case of the system 

investigated the value of was found to he -.428 . 

Therefore, no valid correlation can be expected from the van Laar 

equations. 

Of the equations proposed in this thesis for application on the 

ternary, the three-suffix Margules' equation appears to hold the great¬ 

est possibilities. The van Laar equation can not be expected to hold, 

and since the simplifications used to derive the symmetrical equations 

do not hold for any of the binaries they can not be an approvement over 

the more complex Margules' equation. 
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The egression for log </2 log Q 3 respectively, may be 

obtained from logy 1 by the rotation principle presented by Wohl (17), 

ie, replacing 1 with 2, 2 with 3, and 3 with 1. 

Correlation of Data 

Ewell, Harrison, and Berg (6) have classified liquids into 

five groupings, based on the possibilities of their forming hydrogen 

bonds* They have also pointed out that when liquids are mixed, posi¬ 

tive deviations from Raoult*s lav/ result if hydrogen bonds are broken, 

negative if they are formed. According to their classification, water 

and hydroxylamines fall into class one while Alcohols are in class two. 

They state that deviations from ideality based upon hydrogen bonding 

for a mixture of tv/o liquids in class one and a binary mixture between 

class one and two are both positive and negative. The authors further 

state that very complicated groups are formed in binary mixtures of 

these compounds. The results of this thesis tend to corroborate their 

statements. 

In order to determine the regions of the ternary where Log 

may be predicted from binary data, the results of six ternary runs were 

compared with their respective values calculated by the Margules rela¬ 

tionship. These runs were chosen so that a wide concentration range 

was covered for all three components. The results of this comparison 

are shown in Table • 

A qualitative fit is achieved for the activity coefficient curve 

of water in both of its binaries (Figures 8 and 9) except at low con¬ 

centrations of water. From observing the correlation between the 
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observed and calculated values of the ternary system |Table V), we 

note that a good correlation is obtained in Runs 2 and 21 in which the 

mole fraction of water is .694 and .543 respectively. On the other 

hand, poor correlation is obtained in Runs 4 and 6 in which the mole 

fraction of water is .165 and .113 respectively. We should expect a 

better correlation of Run 20 than of Run 22, ie, concentration of water 

is .364 and .193 mole fraction respectively. However, thisis not the 

case so some reservation must be placed upon the experimental activity 

coefficient of water in Run 20. 

Qontinuing with the same line of attack we note that .the results 

of the correlation of the ternary alcohol activity coefficients follow 

the correlation achieved for the alcohol in the amine - alcohol binary 

(Figure 10). The best correlation is achieved at the higher alcohol 

concentrations, ie, Runs 22, 21, and 20 where the alcohol concentration 

is .313» .213, and .201 mole fraction respectively. The poorest corre¬ 

lation is obtained in Runs 4 and 6 where .023 and .026 mole fraction is 

the alcohol content. The binary plot (Figure 10) shows that at very 

low alcohol concentrations the correlation is again improved. Thus, 

the improved correlation of Run 2 (mole fraction alcbhol of .005) over 

Runs 4 and 6 is not surprising. 

The binary three-suffix Hargules* equation was calculated for 

the water activity coefficients of a parallel investigation performed 

by Adeeb Khoury (10). The best correlation of his binary data was ob¬ 

tained at the higher concentrations of water. He achieved good corre¬ 

lations between observed and calculated values of his ternary water 



32 

activity coefficients at high concentrations of water, ie, Runs 4> 7, 

8, 10 and 11 where the concentration was *550, *776, .737> *459, .741 

and .744 mole fraction respectively. On the other hand, very poor 

correlation was obtained for Run 1 arid 13 whore the concentration was 

•295 and .310 mole fraction respectively. It may therefore be said 

that an indication of the accuracy obtainable in predicting ternary 

activity coefficients may be determined by observing the correlation of 

the binary mixtures. 
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CONCLUSIONS 

It has been shown from the data of Khoury (10) and of this 

investigation that an indication of the accuracy obtainable by certain 

empirical equations in predicting ternary activity coefficients may be 

determined by observing the correlation of the binary mixtures by these 

equations* Therefore, the salient problem in predicting ternary mix¬ 

tures is first to develop a relationship that will account for those 

properties unique to the binary systems of the mixture before attempt¬ 

ing a prediction of the ternary system. 

The van Laar equation was found to describe the alcohol - water 

binary slightly better than the three-suffix Margules* equation. How¬ 

ever, the reverse was found to be true for the amine - water system. 

Because of a "concentration” effect, none of the equations employed in 

this investigation were very successful in predicting the amine - alco¬ 

hol system. The van Laar equation was a complete failure while the 

Kargules equation was "qualitative" correct in certain regions. 
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Gibbs - Duhem Relationship at Constant Temperature 

There seems to be some question as to the form the Gibbs-Duhem 

equation takes after removing the restriction of constant pressure. 

The following derivation (9) is thus offered in an attempt to clarify 

this situation. 
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The symbol 
2) Inf3 
2) *1 

means the rate of change of the fugacity 

of component (1) with X^, at constant T but at a (possibly) triable 

pressure 'ft • Since X^ r - X2, we rearrange to get 

also 
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Jl 
R T 

2JL) 
K/ 

T, P 

X. *2 ^2 + XX 
R T 

Furthermore, 3^ ?2 "/* % - V the molal volume of the 

liquid phase. If the vapor is ideal, we replace f^ by to get: 

2> *L 
= *2 

T * X2 /T R T nq 
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TABLE V 

Three-Suffix Margulea Equation 

Calculation Ternary Activity Coefficients 

log^l = rAl-2 + 2xi(A2-l-Ax>2)] + X32/T Al-3 ^ ^ 

•*- *2*3 ft-l + Al-3 " *3-2 + 2xi(A3~l-A1„3) + 2^ 

-C(l-2X^)J 

Run 
log 
(Calculated) 

log ^ 
(Observed) 

2 0.8601 1,1701 
4 ,-0.2028 -0.4254 
6 -0.2673 -0,6421 
20 0.2379 0,4110 
21 0,3492 0,3471 
22 0.1502 0,1973 

log ^ log 

Run (Calculated) (Observed) 

2 0.0024 0.0026 
4 -0.3548 0.0913 
6 -0.4338 0.0969 

20 0.0356 -0.3054 
21 0.0986 0.0538 
22 —O.O632 -0.0747 
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Run log y3 log 

(Calculated) (Observed) 

2 -0.2856 -0.4655 
4 -0.0329 -0.4521 
6 -0.0184 -0.147L 

20 -0.2816 -0.0862 
21 —0.4462 -0.2403 
22 -0.1939 -0.1453 
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Tiro-Suffix Symmetrical Equation 

1. Evaluation of Binary Constants 

Aab = 

log/f 

TT 
*b 

N - Propanol jl) - Water (2) 

*ba 

log If b 

*2 Al-2 %-l 

.950 * 7.2000 

.900 0.7654 * 7.7000 

.800 0.7031 * 2.0000 

.700 0.6316 1.4389 

.600 0.5680 1.1375 

.500 0.5200 0,9540 

.400 0.5375 0.8167 

.300 0.6000 0,7194 

.200 0.7875 0.6562 

.100 1.3500 0.6111 

.050 * 2.4000 

Avg. s - ,7181 Avg. .» ,9048 

Water (2) - Monoethanolandne (3) 

*2 A2-3 A3-2 

.950 * 0.4000 -0.3745 

.900 0.2000 -0.4321 

.800 0.0500 -0.5586 

.700 0.0000 -0.7347 

.600 -0.0750 -0.7930 

.500 —0.2080 —0.4640 

.400 -0,2958 -0.4375 

.300 -0.3306 -0.4722 

.200 -0.3492 -0.5500 

.100 -0.3827 -0.7400 

.050 -0.4377 -1.6000 

Avg. a —0.1829 Avg. » -O.6506 



N - Propanol (l) - Konoethanolamine (3) 

x3 Al-3 Vl 

.95 -39.8000 * +0.2382 

.90 -9.7000 * 0.2080 

.80 -2.2250 * 0,2067 

.70 -0.8611 0.2031 

.60 -0.4063 0.2028 

.50 -0.1928 0.2120 

.40 -0.0797 0.2375 

.30 -0.0122 0.2778 

.20 +0.0281 0.3500 

.10 +0.0694 0.6000 

.05 +0.0997 1.2000 

Avg. a -0.1694 Avg. a +0.3578 

# In averaging the foregoing values, those marked -with 
asterisk have been omitted. 
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TABLE VII 

Two-Suffix Van Laar Equation ; 

2. Evaluation of Binary Constants 

N - Pronanol (1) - Water (2) 

log tf.a 1 + 

loS /b \ 2 

lo
S ^ J 

*1-2 Vi 

.950 
*900 2.7808 0.2764 
.800 1.3177 0.4631 
.700 1.2088 0.5307 
.600 1.1150 0.5568 
.500 1.0445 0.5694 
.400 Q.924B 0.6085 
.300 0.7791 0.6494 
.200 0.5915 0.7098 
.100 0.3475 0.7679 
.050 . rm in m y irritri 

Avg. = 1.1233 Avg. a 0.5702 

x log X 

*6 log X 
b 
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Water (2) - Monoethanolamine (3) 

*2 h-3 h-2 

.950 0.3605 -0.3050 

.900 0.6803 -0.3149 

.800 

.700 
3.8172 * -0.3417 

.600 -3.4119 * -0.3226 

.500 —0.5428 -0.2433 

.400 -0.4200 —0.2840 

.300 -0.4210 -0.2949 

.200 -0.4341 -0.2758 

.100 -0.4577 -0.2361 

.050 -0.5611 -0.1543 

Avg. s -0.2245 Avg. -0.2773 

N - Propanol (1) - Monoethanolamine (3) 

*3 *1-3 Vi 
.950 13.0578 * -0.0782 
.900 2.9459 * -0.0632 
.800 0.3782 * -0.0351 
.700 0.0665 -0.0157 
.600 0.0082 -0.0041 
.500 0.0004 -0.0005 
.400 0.0095 -0.0279 
.300 0.0202 -0.4570 * 
.200 0.0244 +0.3042 * 
.100 0.0250 -0.2162 * 
.050 0.0199 -0.2402 * 

Avg. » +0.0218 Avg -0.0321 
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TABLE VIII 

Three-Suffix Margules Equation 

Evaluation of Binary Constants 

A. 
log y. 

a-b 
V 

- . 

M - Propanol (1) - Water (2) 

(log y_, log / 
x_ 

loStTi b 
-a TT 

/ log r log/ 

y x x 
a 

*2 Al-2 *2-1 

•950 
, 

•900 2.1523 -4.7823 i 
.800 1.2219 -0.0750 i 
•700 1.1160 0.3087 
•600 1.0236 0.4541 
.500 0.9540 0.5200 
.400 0.8725 0.5933 
.300 0.7672 0.6478 
.200 0.5774 0.7087 
.100 
.050 

0.0200 * 0.7589 

Avg. ■» 1,0856 Avg. » 0.5702 

Water (2) - Monoethanolamine (3) 

h.-3 ^3-2 

.950 -1.0715 -0.2970 

.900 -0.9378 -0.3057 

.800 -0.9209 -0.3159 

.700 -1.0286 -0.2939 

.600 -0.9366 -0.2186 
•500 -0.4640 —0.2080 
.400 -0.4092 -0,2675 



Water (2) - Monoethanolamina (3) 

Continued 

X2 A2-3 ^3-2 

0
 O
 
o
 

-0.4156 -0.2740 
.200 -0.4295 -0.2287 
.100 —0.4542 -0.0969 
.050 -0.5539 +0.6084 * 

Avg. “ -O.6929 Avg. * -0.2506 

H - Propanol (1) - Monoethanolamlne (3) 

x3 Al-3 *3-1 

,950 -3.7658 * 36.2726 * 
.900 -1.7736 8.1344 * 
.800 -0.7660 1.6657 * 
.700 -0.4354 0.6279 
.600 -0.2845 0.3246 
.500 -0.1928 0.2120 
.400 -0.1429 0.1739 
.300 -0.1282 0.1618 
.200 -0.1650 0.1569 
.100 -0.3551 0,1755 
.050 v -0.8906 0.2097 

Avg. p -0.5134 Avg. « +0*2553 

* In averaging the foregoing values, those marked with an 
asterisk have been omitted. 
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TABLE IX 

Two-Suffix Van Laar Equation 

Calculation of log t' for Binaries 

log i. Aa-b 

[l + (Aa«b x a/Ab-a 
xb) 1 log 
j/ ^ 

^ b = [1+ (Ab_a x b/Aa_b x a)3 

H - Propanol (1) - Water (2) 

x2 log 3^ 
/ 

log 4 2 

.95 1.0180 0.0050 

.90 0.7560 0.0184 

.80 0.5040 0.0621 

.70 O.33OO 0.1195 

.60 0.2100 0.1838 
• 5.0 0.1270 0.2709 
.40 0.Q71S 0.3183 
•30 0.0359 0.3847 
.20 0.0142 0.4490 
.10 0.0032 0.5109 
.05 0.0008 0.5409 

Water (2) - Monoethanolamine (3) 

*2 log <0 2 log /^ 

.95 -0.0008 i-Q.2445 

.90 -0.0033 —0.2144 

.80 -0.0214 -0.1619 

.70 -0.0269 -0.1185 
•60 -0.0458 -0.0833 
.50 -0.0085 -0.0555 
.40 -0.0947 —O.O34I 
.30 -0.1237 -0.0184 
.20 -0.1557 -0.0080 
.10 -0.1890 -0.0020 
.05 -0.2065 -0.0005 
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N - Propanol (1) - Monoethanolamine (3) 

X3 \ogY x log}7
2 

.95 0.0234 -0- 

.90 0.0255 -0- 

.80 0.0316 -0.0011 

.70 0.0434 -0..0054 

.60 0.0728 -0.0220 

.50 0.2117 -0.1437 

.40 218.0000 -107.0000 

.30 0.0638 -0.2358 

.20 0.0074 —0.0804 

.10 0.0008 -0.0459 

.05 -0- -0.0377 
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TABLE X 

Three-Suffix Mar gules Equation 

Calculations of Log ^ for Binaries 

log^A= ABA ~ AAB) ^+2 (AAB “ A
BA) 

1 2 3 
logo u= (2 A^g - Aba) xA +2 (AJBA - Aab) XA 

N - Proponal (1) - Water (2) 

*2 logY log #2 

.95 0.9333 0.0039 
•90 0.7957 0.0150 
.80 0.5628 0.0558 
.70 0.3804 O.H63 
.60 0.2424 0.1902 
.50 0.1426 0.2714 
.40 0.0747 0.3537 
•30 0.0328 0.4309 
.20 0.0104 0.4969 
.10 0.0015 0.5454 
.05 0.0003 0.5611 

Water (2) - Honoethanolamine (3) 

% 
log /2 log 

.950 0.0004 -0.2661 
,900 0.0010 -0.2746 
,800 -0.0006 -0.2736 
,700 -0.0066 -0.2528 
,600 -0.0259 -0.2176 
■ 500 -0.0626 -0.1722 
,400 -0.1221 -0.1280 
,300 -0.2095 -0.0783 
,200 -0.3302 -0.0383 
,100 -0.4896 -0.0105 
,050 -0.5854 -0.0027 
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N - Propanol (1) - Monoethanolamino (3) 

950 -0-3936 -O.OO3O 
900 -0.2918 -0.0113 
800 -0.1318 -0.0390 
700 -0.0255 -0.0739 
600 0.0365 -0.1067 
500 0.0640 —O.I283 
400 0.0654 -0.1295 
300 0.0507 -0.1009 
200 0.0287 -0.0334 
100 0.0095 6.0823 
050 0.0025 0.1611 
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