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0ld and New Problems.in the

Field of Vapor;Liquid Eqnilibria:
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\
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Department of Chemical Engineering and
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" '(Abstract)
The present survey elsborates some of the topics discussed in an

3{ .f,;; address presented at the 13th Canadian Chemical Englneering Conference "1".,

oo . ~

U4 - in Montreal, October 23, 1963. Such a survey, of course, can mention

only few of the important contributions of various authors that have

elucidated the field of vapor-liquid equilibria in the lést twenty

Yyears. .
::J'“iv“ Thermodynaemic consistency is only briefly mentioned. Since-activity RS
| .‘:?f and fugacity coefflcients are used for quite.different purposes it 1is ,
better to define them differently without trying to maintain a formal
analégy. Activity coefficlents of non-associating mixtures are satisfactorily
7~'1 represented by the traditional two-parameter relations. For assoclated
solutions, as & rule, an association function must be superimposed. .fﬁrther :Q

B E development and testing of association terms 1s desirsble. Progress in ‘

the systematic representation of interaction in solution is promising. .
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| Tt has always éeemed to me that chemical thermodynamics i a new

- ‘Helen of Troy, who seys of herself in Goethe's Faust (2nd Part, 3rd Ac’c)
‘ . "Admired much, and much reviled". Admiration, indeed, goes so fer _
that we are expected to pull answers out of our sleeves even without first ~ . -
having put in some experimental data. And reviling has not been lacking,
. f017 instance, when in reviewing a ma.nuscript we mention the inconsistency 4
":t‘f_ of the results with the equation of Gibbs and Duhem, and the author proudly
o points out that experimental observations should be given preference over

" mere theoretical speculations.

- Consistency of expefiméntal data and convenient tests were a real
B problem 17 years ago, when Kister and Il proposed the area condition
S 1 | -
| f log (ry/r,) dxl = 0 (1)

o . .

as the result of a simple transformation of the relation of Glbbs and Duhem.

At the same time Hcringtong derived essentially the same relation. The area
. 3 ‘

condition wag extended to multicomponent mixtures by Prausnitz- and a
comprehensive survey of all consisi;ency criteris was presented by Lu. These
investigations round off the problem quite well so that no further discussion

»

appears to be requlred. ) .

How Should We Define Activity and Fugaclty Coefficients?

Ibl and Dodge5 discussed quite extensively variations of témperature

N that the area condition (1) was restricted to 1sothermel date aﬁ low pressure. -
-Actually, however, our dfl.sc\ms:!.on:L covered expllieitly the variation'of the
k

- ' temperature, and the influence of high pressure was taken into account by

K - our clea.r]y indicated definition of the activity coefficient.

and pressure in relation to the equation of Glbbs and Duhem. Rowlinsor.6 thought
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It was a natural consequence of the state of development in 1923 that

Lewls and Randall discussed in considerable detall activity coefficientsv

. and their standard states for electrolyte so;utions but left some leeway

- in the definitions for non-electrolyte m@xﬁﬁres. It cannot surprise anybody

that various authors proposed, within the frame given by Lewls and Randall,
different definitions of the activity;coefficient and also of the fugaclty
coefficient; A detalled discussion of these definitions would be unprofit-

able since the question is only one of greaster or lesser convenlence. It

‘may be advisable, however, to justify briefly the definitions whilch we

have found most useful ln the course of years.

Conceptual economy is an important principle in the definition bf useful .
terms. Oné should introduce only those terms which are really needed and
restrict them to the field in which there is a need. Thus we define activity

coefficlents strictly for liquid (or solid) mixtures at low pressures (P = O,

though in general we may just as well say P = 1 atm.). As a consequence of
the restriction to liquids (or solids), the variation of the partial molal

free energy with pressure is small. But 1t must be taken into account (as

"~ Poynting correction) in the computation of activity coefficients. In general,'

. tnls can be done by an easily computed correction term (Poynting correction).

In the vieinity of the eritical state, however, and also for dissolved gases

the pressure influence is large and not easily estimated. As soon as the

. pressure influence on the liquid is taken care of, once and forever, in the

7;r'numerical.ccmputation of activity coefficlents, we relieve both general

discussions and numerical applications of the bothersome cloud of correction

terms.

A
B
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For gases, the fugacity coefficient represents the deviation from the

perfect gas as well as the deviation of a mixture from the perfect solution.
The fugacity coefficlent ¢ of species J, defined by the fugacity fj and.

the mole fraction yj according to

£y = Py3¢3,’ | (2

depends on the pressure and fhe composition (and of course on the ﬁemperature).
Its values are practically always derived from an equation of state. For

a mixture we define the mean fugacity coefficient ¢ by
Ing = Zy, lng, | (3)
and obtain its value from the compressibility factor
Z = PV/RT _ - S (W)

by '

- o
= f (z-1) ap/P. . (5)

Individual fugacity coefficients are obtained by means of

Ing, = lng + Ang/dy, - Ly, Angfdy,. - (6)

J

In the differentiations pressure, temperature and all mole fractions except

‘,_ the one indicated are kept constant.

.

When we presented7 a relation of the type of (6) we assumed that this
quite basic equation was generally known. This appears to have been an error. .

A brief dlscussion may be in order even if it comes very late. '1‘
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The relation follows from the definition,of_e.partial molal guantityff- 4

e - Gy = dmG)/dy o LD
“w:.0 . expressed by the corresponding molal quantity G of the solution, and the
number nj of moles of specles J with

a

;"}' Since both Gj and G are intensive quantitles, one wishes for‘aetual computea-

'1-gf tions a relation free of the (extensive) numbers of moles. Introducing the. .

. mole fractions

*k = my/n : . . (9).

ij/anj-'= (1-x3)/n; Bxk/anj = 'xk/ﬁ’ﬂ (k # J) (10)

" Therefore, T S N S vl

Gy = G+ n(aG/anJ) = G + hg(aG/axa)"‘ (axe/an,j) .V;-(ll) v r
*.""""'Where the subscript a stands for all componments. Introducing (10) we obtain 2 !

Gy = G+ 0G/dxy -~ gxa(aa/a;ca).- L (1)
_'This derivation neither requires nor contradicts the condition

NXg = 1.” K (13)_.",_-‘

-
| .

' .

One may, but need not, eliminate one of the mole fractions before applying
(12) The derivatives BG/Bxa, however, have no physical meaning.» Only

"f differences of two such derivatives are
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: ‘In algebraic calculations as well as in automatic computing, Eqn. (12) ©;
- presents practical advantages over equivalent relations§ that contain onLyi;ﬂ
- independent mole fractions.
.g§.~;-‘i"'f= For binary mixtures we always replace x2 by l-xl and.- obtain from (12)

the well-known relations

& o= cexpladag) (W) o

Gy = G- xl(dG/dxl). R ,.:3:::,;:'"(15),‘-";”-

It is useful to keep in mind that the z relations (12) for z components

‘ "sf; are exhaustively represented by

(16) ’

;ﬁfffand z-1 relations of the type

Gy - B = 26/dxy - /e

'V'f:willdFor binary mixtures one derives from (14) and (lﬁ),ﬁwm;’

G = lel + x2G2 ; ! - » Lol (18) ] I

G- - aofey. b

' !f»;fﬁ;” These relations are helpful in checking algebraic and nunericalicalculetionSJ.‘
””{iMbreover, recently we found them useful in debugging & compuber program, .

. The concept of the standard or reference state unquestionably has been

’essential and a major achievement 1n the system developed by Lewis. But

,J“,;égamay to relations containing only realizdble qnantitieSu If we express the ‘.
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. partial molal free energies Fj and Fj of the specles in the liguid - - -
- . and the gaseous phases by - R
- _ ° . ", .. ,." .. B B ;:,
: Fy = Fj°+RIInxyry+ ﬁd ar B &
' oo L Tl e )

L Lo Byl = Bt e RTInBysey - :'(lh)'.": B

" the equilibrium condition becomes
Tl e RT 1n(Pyj #3/xsry) - ﬁj aP = Fy° - Fy0, - (15) -
R }ftAffThe constant at the right hand side is eliminated by5means_of7the>veporf

':f?f“;t] -Q"Tlpressure p3 of the bure component at which -
S ﬁﬁﬁi‘; ‘ x3 =137y =13 y5="1; &3 ?‘¢5‘5 VJ.= Vg'v ;'“C(lﬁ).if
" go that finally » ‘
RS . _ P . . L
o © - : . o ’ - o
RT J.n(Pyj¢3/x3rjpj¢j) - [vgap+ . \Vy @ =o0. o)
: . . . (e} . ' R
' ”iﬂ" The frequently permissible simplifications are well known.
In this presentation- all ideas of symmetry or analogy between activity
gt coefficient and fugeclty coefficient are abandoned. The gain in economv,
{‘jﬁ; simplicity and easy understanding is believed to outweigh eny loss.
| There is an important difference in the roles of v and ¢ in (17)

As a rule, the activity coefflclent 1s the unknown This megns immediately

that the fugacity coefficients must be known in the epplication of the

'j:vf;v-x;-gigfr equilibrium condition (17) It we cannot assume that the vepor is a perfect :

'faiﬂt,gji gaseous mixture, we have to derive the fugacity coefficients from a suitdble i

1':}*j equation of state.
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The computation of the activity in the liquid ffom data fef:vapor-l
liquid equilibria is therefore entirely independent‘of any assumptiene
regarding the molecular state of the solution (the activity}coeffieienﬁs.
..depend en the assumed molecular size in a trivial manner because the

mole fractions do). The situation is quite different for fugacity

coefficients. If we did base fugacities in the vapor on direct measurements; K

: k]
the molecular state again would be irrelevant. But we use practically

always either the perfect gas equation or some other general equation of
state for the derivation of the fugacity coefficients. These equations
apply to definite molecules. Acetic acld vapor, for instance, deviates
" greatly from the perfect gas equation. But the relations for a perfect.
gaseous mixture are approximately valid for an equilibrium mixture of
monomeric and dimeric acid; The fugaclty coefflclents therefore must be f
derived from relatlons taking into account the molecular states. A_
pertinent example has been recently discussed in some detail by Campbell,
Kartzmerk and Gieskes.9

The objectives in our attempts at repreSenting date for activity and
fugacity coefficients are somewhat different,: too. Since dimefization or o
other molecular changes in the gaseous étate are rare, we leave fhe N
consideration of such changes to the discussion of indlvidual cases and
are satisfied with general equations of state disregarding them.  In the
liquid state, however, association is qulte frequent and important for -
some classes of-substances. While activity coefficients are computed froﬁ
observed data without any concern of the melecular sgate in the liduid; ’
their magnitude and concentration dependence are greatly influenced by

assocletion. Therefore they furnish quite definite information on the

i
R

v e nman ek e i e et =i et o

g pa s e et et A <\ e 3 aen v

g e
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}f molecular state. Conversely, accounting for association greatly’increases -

" the efficiency of_the representation of activity coefficients.,

.t

Fugacity Coefficients o i,

The very fact that many more ﬁhan a hundred equations of state have -

ﬁpfbeen proposed suggests caution. We should consider only practically

“?f.necessary requifements and let molecular theory helpfully guide rather

" than dictate our steps.

“An algebraic formulation appeais to be lndispensable. Compressibility"

iifactors, of course, can never be 5etter represented by an equation with

?'two individual paremeters than by the usual generalized charts. Likewise,

- an equation with three parameters cannot give better values of Z than

'_the tables of Pitzer and his coworkers10 or of Riedel}l The practical

'”:.‘interest in an equation of state however does not lie in the comPreSSibility

factors but in the fugacity coefficients. Here the algebralc equation hes

xftthe advantage of retaining its definiteness in the necessary steps of

" operations. Since individual fugaclty coefficlents in mixturesvare the

‘real objective, a definite combination rule for- the parsmeters, independent

LR

of specific data for the mixtures, is desirable.

An equation of state, or at least its main- term, must imply an equation

of third degree in Z. This conclusion can be drawn from'Wegscheider 8.

.

discussionl of the equation of* As thl.

Good performance ax high pressures is closeLy connected with the;ﬂ”
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For mixtﬁres, Neusser's long forgotten condition13 of additivity of
the volume at high pressure should be satisfied._'It is obvious to

interpret this ctondition as the additivity of the proper volume of the

_molecule. The condition is important particularly since the volume

" in general is far from being additive at moderate pressures.

Approach of the perfect gas equation at low pressure and high
tempefature is an obvious condition.

An equation proposed 13 years agolh satisfies these conditions.

‘ It is very similar to van der Waals' equation but represents the
© compressibllity factor of gases much better. Except for the vieinity

.» ~ of the critical point, it gives resulis fairly close to the data of the
 generalized charts (Figure 1). However, since it contalns only two
l:individual parameters, we did not ex?ect too much of 1t in view of theA i?

" well-known invalidity of the theorem of corresponding states.

One would hesitate, of course, to compare a two-parameter équation

‘such as our old one with the eight-parameter equation of Benedict, Webd - o

and Rubin.ls It goes without saying, that thelr equation is much superior

in the representation of data in a limlted range. But it 1s the great

' adapﬁability and flexibility of this equatioﬁ that impalrs its power of

extrapolation and prediction. Two independent investigations of mixtures,

17

namely, of heat contents™ and of the critical propertieslS, led to the

conclusion that the crude two-parameter equation is not inferior to the

veight-parameter equation.

The remarkable success of the tables of Pitzer or Riedel for
compressibility factors justifies the expectation tha#la three-parameter
equation of state will furnish, by means of o convenie%t computef progrem,

.

s e e ————_em o e e et 2 oot et o
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satisfactory values for fugacity coefficlents and other thermodymamie -

‘ ol qua.ntities of technical interest.

Naturally we tried to modify our old equation by. introducing one’

. ” or even more individual parameters. One can proceed quite systema,ticaliy_

Since the main defect of the old eqtie‘.tion occurs in the vicinity‘ of the

.critical point, we started from the general equation of the third degreg,';

en

-’;l" introduced the required coﬁditions and examined the :;esulting family of <

'equ‘ations.‘ Strangely enough, these attempts were a complete failure. -
Finally we decided to keep the old eéua.tion as a main term and to
superimpose a correction term,‘ which has to se.tisfy, of cogrse,‘certe.in;.
”;.condi'tions to be useful. The improved éqﬁationl9 contains, in addition o

" to the critical temperature and pressure, Pitzer's "acentric factor" as .

‘a fchird parsmeter. Further improvement has been achieved in current work-",
by Mr. F. J. Ackerman, Mr. R. Gunn and Mr. M. Jacobson. We hope to preserﬂ:““‘

goon & computer program which will furnish compressibility factors, heat ,' N

contents, entropies and individual fuga.city coefficients of mixtures, based '

LI
v :

only on the seme three parameters.
As usually, other problems will arise as soon as. the more immediste -~
‘ones are settled., The use of a better equation of éta,te in the general

L themodynamic relev,tions2 for the ‘cri‘bical state of mixbures is only one

_of them. Another one maybethe use: of a genersl eque.tion of state for liquids,



The Representation of Activity Coefficients *

 For well-known reasons the experimental information avail&bleifor.~f
vapor-liquid equilibrie is efficiently stored in the form of activity

coefficients. The questions of computing, representing and using

_activity coefficients are related.

We prefer algebraic representation not only for reasons of 'trivia.l\::é
eéon,oniy but also because'of't,he suitability for computer use a_nd,A most
;of all, because interaction coefficients in slgebralc relations provide;i:~
';the best basis for interpolationms, extrepolations ang'éeneraliiations.

The results of numerous discussions may perhaps be sumarized in

"fff_the following menner. The activity coefficients of mixtures of "normal" s

substances are always satisfactorily represented by van Laar's equation ;R

;or by the equation of Margules (Figure 2). On the basls of wide experience,~

Black finds that van Laar's equation.ls superlor. The difference, however,
48 not great.
As a historical aside it may be mentioned that the names of these

two equations, chosen apparently by Carlson and Colburn22 in an early

pioneering discussion, are, not entirely justified. According to van Laar,'

_the ratio Ay/Ap of the two coefficients should be the ratio by/bp of the -

’;tvan der Weals coefficients. This restriction was. omitted by Carlson and_
:7Colburn. On the other hand, Margules suggested 8 power series rather
'*;than a two-paremetér relation. 'When4we,expressed this power.series by .- .

ﬁwriting for a binary mixture.



- 13 -

Appreclable deviations from the two-parameter relations indicate

" a chemical change. BSuch a change mey be the fornation of a compound
'1between two components (chloroform-acetone); This case occurs infrequentl&g
'vand is best discussed individually. Polymers, too, require a'special'ipr
b}treatment. Association'bylhydrogen tonds, however, is a frequent and'?:”
%?technically'important chemicai change. It must be taken into account
V.in.tne general methods ofirepresentation. Dimerization of aliphatic
‘?acids in liquid solutions is well known. Its effects are similar %o
:those of associatlon.

Qualitatively the influence of assocliation on activity coefficients;
iis well established‘5 The contrast between & normal binary (Figure 2)
fand an associating binary (Figure 3) is striking. The third term (D—ternou
‘;tin equation 19 giVes a crude approximation.of the additional function i ;ﬁ
‘flrequired by association. The agsoclation effect is greatest in mixtures
_:of a strongly associating and & non-assoclating substance (methanol-
“carbon tetrachloride, ethanol-iso--octane). It is reduced or suppressedf:
”jby "interassocliation", i.e., hydrogen bonding between the molecules of |
two assoclating components. . " | . s
The quantitative representsatlons proposed by Redlich and~Kister25,f
. Beatchara®®, and Prigogine, Mathot and Desmyter2’, furnish better ‘
_approximations than the third term in (19)« ."One has to take into account. |
‘{ythe direct effect of the, "true" activity coefflelent of the associatiné df
';.substance and its e%fect on the association equilibrium « Starting from:

.the relation of Scatchard .and. Hildebrand one arrives consistentky at the

;Z:association function proposed by uss 25 . The relation of Flory and Huggins
26"

s

;1eads to the different function derived by‘Scatchard.
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and Desmyter 7 derive the same result for the association and simply
superimpose it on the relations for activity coefficients of non-
,lassoc1ating solutions. The question of intrinsic consistency has been‘
.discussed by us25 and in some detail by Zacmann.Q |

So far these association functions have not been thoroughly_investigated;
v':A serious discrepancy, though, has been noticed by us and by Kretschmer |
and Wiebe.29 The associationvfunction contains only a single parameter,. e

which, in addition, should be characteristic (at a given temperature) of

- the associating component, independent of the non-associating component.

This requirement is not confirmed by the experimental data. Slight inter~ngvzf'

‘association with the solvent has been suggested29 for an explanation. A

“'i study "of this question with the ald of a suitable computer procedure has

been long on our program. .
The clean separation of the various association effects.from ordinary

vinteraction is expected to give a much improved basis for attempts to

describe systematically the relation between interactibn and chemical

constitution of the components.

Group Interaction, Heat Content, Volume

The systematic interpolation and extrapolation of coefficients
characterizing the interaction of a substance with menbers of a homologous
‘series (normal paraffins) has been repeatedly suggested. The'consistent
’developnent of this idea by Plerotti, Deal and.their coworkers3o has
"resulted in an efficient and useful system of estimating interaction parametefs}

Langmu1r3l enthusiastically described and quickl; abandoned & model
that in o similar way systematically resolves interaction between two molecules

into interactions between their constituent groups. The reason of Langmuir's

Ty
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. / .
sudden loss of interest was clear to us ofi the basis of our own experience.
Unaware of Langmuir's work, we tried/fé develop a similar model in 1950 (At

about the same time, other &Uth0r§;2’33 had proposed similar ideas). But we -~

- found that tests were inconclusive since the model applied to heat contents

'father than free energies and data for heat contents were entirely insufficient.

Experimental information33~3' in this field became available at an increasing ':'J
T

rate later at the time of our discussion of the group interaction model.

“Lundberg's determinations39 of the heats of mixing of 27 hydrocarbon binaries ;f
" have been undertaken as a first step'in the further systematic development

} of the model.

For several different reasons further expérimental work as well as

examination of the model appear to be promising problems. Undoubtedly the best -

technique requires heats'of mixing for determining the temperature dependence

" of the activity coefficlents while the direct measurement of activity coefficients.

nay be restricted to a single temperature. In this way one obtains not only
a more precise basis for covering a sufficient temperature range. The measure- .
ment is also quicker as soon as a good and c?nvenient calorimeter has been

set up. Vaporization in calorimetric work deserves specidl attention. In

' addition to the usually corrected vaporization due to the change in temperature

of the calorimeter, one has to take into account also the "isothermel Vapori-.

zation". It is due to the change in partial vapor pressures of the components

~ brought about by the mixing. According to our exéerience it may be much

larger than the other contfibution to vaporization. Tﬁé use of carbon

'tet;achlorideAbenzene for testing calorimeters has been discussed by Peha

and McGlashan. 0

Increasing information of heat contents will also}furnish a bagis for the B
discussion of the excess entropy. Hildebrand's "regulza;r,soll.u'cion‘"l"l was an
early and very.useful model. Further development will require experimental

datalas a starting point..
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.lf.;'if"Vj'i‘j The volume change M on mixing has been'studied not very~frequently.

:f{ O s;ﬁ Early in this century Biron suggested the relation

L V‘ = Bxlxzc . . ' (20)

The natural development of this equation is a relation similar to (19)

Theoretically significant results have been derived from volume

‘

'-., - 12 ;
_changes of mixtures of normal paraffins by van der Waals and his coworkers.»»z

V-The relation of their results to Brdnsted's principle of congruence hasl;A
;;been discussed‘by McGleshan%3 The volume change on mixing may very well:tf

t'turn out to furnish interesting results in other‘problems.

. Computation

'¥but only how we should apply automatic computation.. Tnis is not purely )
‘e question of computer technique. '

All old methods depended heavily on the judgment of the calculating
f}5fexperts. Activity coefficlents were computed from each measurement, and
f:}either checked for consistency, smoothed and represented grephically or
V?{?in a.table, or smoothed with the aid of a suitaole.algebraic relation.
'.Here the problem is the asslgmment of welghts. The whole calculation is 3
" meaningless if incorrect welghts are chosen. Although not a'high accuracy;z

\is required, welghting of activity coefficients is neither easy nor very.

_Lrelieble. The worst assumption is of course that of‘equal weight for the
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The second problem is the coﬁsistency'test, provided the vapor

composition is determined (so that the data are fednndant) and provided '?

-that consistency is not automatically enforced by the use of a correct - | .

'?Hfi':u;:_Lw; algebraic relation.

—

;;:fle; ; Techo** attempted to develop an unblased method. He represents the ..

" total pressure P and the mole fraction ¥y in the vapor by means of

*7.orthogonal polynomials. He introduces the equation of Gibbs and Duhem

Q:and uses essentially the quantity RT dln P/dyi as a smoothing variable.

'{_For this variable he derives values at 99 points, uniformly distributed

‘T dn X1+ These values are implicitly assumed to have equal weights. Such

. an assumption is as & rule quite reasonable but not necessa;ilf the best ;“
m:poesible one. Moreover, it is hardly transparent. The reasoneblenese~;§t
*.depends on the unifermity of the diétribution_of the measﬁ}eqents end.
;;‘on practically equal accuracy in 1ln P and Yy over the whole range. ;;'th
';~The influence of non-unformity of distribution of accuracy would be R
difficult to estimate. |

Even though Techo's method cannot be called unbiased in & strict

i sense; 1t is attractive as an attempt to eliminate arbitrariness. But tﬁe;

4
I

’ u?:"practical disadvantages are considerable. It furnishes only intermediate':uf
.. results, which in addition are expressed by an inconvenient set of numbefs;
1 - For any desired applicetion one debends again inevitabky on a high speed o

-, computers '.L'he mnnber of coefficients requﬁ.red. is 80 la.rge tha.t there is

;little hope for an ordering system of the kind of %he group interaction

v oo A
Y

by
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Conclusioﬁs ' o o | ' B

On the whole, a technique of direct fepreééhﬁaﬁién of properly ”
weighted observations by means of an equ%Pion of the van Laar or Margulesl k
type, with an association function sugéfamposed where‘necessary; still
appears to be preferﬁble. It lacks/gsrmal rigidity and depends more on
experience and judgment. The deVélopment and testing of a sultable
association function will be helpful. | |

For a systematic exploration of the field of vapor-equilibria

 isothermal measurements are far more valuable than isobaric determinations. .-

It is an o0ld experience that a small number of precise measurements

 carries more informaetion than ény number of less accurate ones. In general,.' .
~“the analysis of the vapor is desirable. But pressure determinations

-alone are sufficlent for some purposes, particularly‘if the deviations

from the perfect solution are not large. As a rule, phase equilibrium

determinations should be supplemented by calorimetric work.

A conslderable part of>this réview 1s based on work done at Shell
Development Company, Emeryville, California. fhe author feels s profound -
obligation to the late Mr. A. Lacomblé'and the late Dr. R. W. Millaxr
for invitiﬁg him to start this work. He has greatly enjoyed the'cooperg-yj'h
tion of Mr. A. T. Kister, Dr. J. N. S. Xwong, Mr. C. E. Turnquist,

Mr. C. M. Gable, Mr. J. M. Mbngei, Dr. M. N. Papadopoulos and Mr. A. K. Duniop.j.
He 1s greatly obliged to Professor J. M. Prausnitz for helpful discussions .
and advice.

This work was performed under the auspices of the United States

~Atomic Energy CommisSioh.
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- Figure Captions

*7? Reduced equation of state (Broken llnes 

ilf_fgeneralized charts.‘ Full Line. vequatlon‘j

:fxof Redllch and Kwong )

,;?Functlon log(Tl/Yz) for benzene-trimethyl-;
: ks

Qibutane. References: Harrispn ,_Jostfandj

"ﬁt'Siegh6 (Example for non4aseeciating cemjoe_
‘f['nents)

?:'FunCtlon log(rl/rz) for. methanol—carbon;i.f
E wovon.

" tetrachloride. References. ‘Niini'',

'“Sca“ccha,rdl'-¥8 (Example for one associatingA7

ﬂ’component),
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report. '

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee

" of such contractor prepares, disseminates, or provides -access

to, any information pursuant to his employment or contract
with .the Commission, or his employment with such contractor.






