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The present survey' elabor.ates some of the topics discussed in an 

address presented at the 13th Canadian Chemical Engineering Conference 

in MOntreal, October 23, 1963. Such a survey, of course, can mention 

only.~ew of the imPortant contributions of various authors that have 
, 

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

years. 

Thermodyn~c consistency is only briefly mentioned. Since·.'activ1ty 

and fugacity coefficients are used for quite different purposes it is 
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better to define them different4' without trying to maintain a formal. :.>j;i:'i,:::, 
analogy:. Activity coefficients of non-associating mixtures are satisfactor1~.' /:" :', 

. '. ":'1 0 •• 

represented by the traditional two-parameter relations. For ~ssociated 

solutions, as a rule, an association function must be superimposed. Further 

development and testing of association terms is desirable. 'Progress in 

the systematic representation of interaction in solution is promiSing.,. t '. /' :~\~./'.<: 
Calorimetric measurements in recent years have made considerable contributions •. ;':;:"'~:' 

'. . . { : .' '.: ":~.:\\.::~" -:~.: .... : '. i . . .: .... }~;,::<.:~:( 
'. ~" .( end; 'of' Abstract.)i·'; ;·.~i·.: ':::, ': .... ; .. : i.:;". "; . 

" : ' ' ' ", ':;',: :::",?, .' ",,: :",.":'~" .. :.': . .'.::.,:: .~,:~:':': ." .. :;~":':.",::,:'.'.',:;.':',".:.:~.:'.'~: .. ',:.;i:··:.···· 
.. ;.<.:." ::,<::;~::;~f:t:::'l;)}f~,Jit~.:;P:~·t '.. ':;1; '}'. ',.'., ' .. ' ~ . 
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It has alw~s seemed to me that chemical thermodynamics is a new 

Helen of Troy, who says of herself in Goethe's Faust (2nd Part, 3rd Act) 

"Admired much, and much reviled". Admiration, indeed, goes so far 

that we are expected to pull answers' out of our sl~~ves even without first 

having put in some experimental data. And reviling has not been lacking, 

fO~ instance, when in reviewing a manuscript we mention the inconsistency 
, 

of the results with the equation of Gibbs and Duhem, and the author l'roudJ..y , 

points out that experimental observations should be given preference over 

mere theoretical speculations. 

Consistency of experimental data and convenient tests were a real 

problem 17 years ago, when Kister and ~ proposed the area condition 

l' 

" 

' .. '. \~ .': " " .. ~/ .,./' , .'. 
flOg (rJr2) 

, 
dxl = 0 (1) '. ", .' '.;1 

" 

. '" 

, >: . 
.', '.,t, " 

", 

. ' 

./ ' 

o 

as the result of a simple transformation of the relation of Gibbs and Duhem. 
, 2 ' 

At the same time Herington derived essentially the same relation. The area 

condition was extended to multicompon'ent mixtures by Prausnitz3 and a 
, " 4 

comprehensive survey of all consistency criteria was presented by Lu. These 

investigations round off the problem quite well so that no further discussion 

appears to be required. 

How Should We Define Activity and Fugacity Coefficients? 

Ibl and DOdge5 discussed quite extensively variations of temperature 
'I ' " 

, and pressure in relation to the equation of Gibbs and ~em. 6 ' Rowlinsor:. 'thought, 

that the area condition (1) was restricted to isothe~ data at low pressure. 
\ 

Actually, however, our discussionl covered explicitLY the variation 'of the 
( 

temperature, and the influence of hiSh pressure was takert into account by 
I 

our clearly indicated definition of the activity coefficient • 
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It was a natural consequence of the state of development in 1923 that 

Lewis and Randall discussed in considerable detail activity coefficients 

and their standard states for electrolyte solutions but left some leeway 
./ 

in the definitions for non-electrolyte mixtures. It cannot surprise anybodi 

that various authors proposed, within the frame given by Lewis and Randall, 
, 

different definitions of the activity coefficient and also of the fugacity 

coefficient. A detailed discussion of these definitions would be unprofit-

able since the question is only one of greater or lesser convenience. It 

may be advisable, however, to justify briefly the definitions which we 

have found most useful in the course of yearse 

Conceptual economy is an important principle in the definition of useful 

terms. One should introduce only those terma which are really needed and 

restrict them to the field in which there is a need. Thus we define activity 

coefficients strictly for liquid (or solid) mixtures at low pressures (p = 0, 

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 it must be taken into account (as 

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

this can be done by an easily computed correction term (Poynting correction) • 

In the vicinity of the critical state, however, and also for dissolved ga~es 

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

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

numerical ,computation of activity coefficients .. we reli~e both general 

discussions and numerical applications of the bothersome cloud of correction 

terms. 
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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 coefficient ¢j of species j, defined by the fugacity fj and 

the mole fracti~n Yj according to . 

(2) 

I 

depends on the pressure and the comppsition (and of course on the temperature). 

Its values are practically always derived from an equation of state. For 

a mixture we define the mean fugacity coefficient ¢ by 

ln ¢ = I: Y In¢ a a a 

and obtain its value from the compressibility factor 

Z ,., PV/RT (4) 

by 

Pc 

ln ¢ = J (Z-l) dP/P6 

'0 

Individual fugacity coefficients are obtained by means of 

- E Y Oln¢/'Oy. a a a (6) 

!n 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 hav,e been an error. 

A brief discussion may be in order even if it comes very late. 

• "t<- '. 

, " 
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The relation follows from the definitiono:fa.partial molal quantity' 

= (7) 

,expressed by the corresponding molal quantity G of the solution, and the 

~ .; .. ' ' .. ' 

....... 
. - . \.:. ~ i ! : .. ~ ... 
'. :.. .~. · .. ," 

, . 
-.!. " " 

· : ·.t·.··· . 

number nj of moles of species j with 
"';':'".: ,-J: • ..... 

': ,,'·,:r. >'.:': ... ~. ':.' 

n = ~~. (8), .: ... ,:~.,';"."" 

Since both. G
j 

and G are intensive quantities, one wisbes for actual. comput~~'.V~;:;;:";i 
tions a relation free of the '(extensive) numbers of moles. Introducing the. : .. :~.:~;:'i.::<':" .. , 
mole fractions '.' :~·.:/~?i .:.-:::::.< ..... 

- , -."""-~:. '.'''': .. ? .. ;: :", 

.. . ;'J(~·<·~)V::·:>· 
' ... , 

~ .'~ ~ ,';:. '", . 
. .'-: .... .':"'~ . '\ . " 

.. .... ·we have ..... 
. ... ', . ,'; 

, ~ • ::. I' of' 

. :', ':-:',J .. . : 
., .• ~. ~,. '!.' .. ',: . . ~ 

. .'.: '.~ :~:. ~. 

:;",;, ... ,. .. ~ 

;.:,. .'::,,:.: Therefore, 

· ....• ,,':-

. . . : ~ . .... . 

..... ;.: ," 

0,: ", .,:0': ,',.', 

.' . 

= 

:' .:, . '. ... .'. "./ . 
'. <. ..... . ...... ". where the subscript a stands ror all components. 
, '. 

.. ' '" (10) . 
", 

"\' 

. ~ ... \.::.~ '::" .: ',:: '. .. ' . ~ 
" ....•.. i, 

..... ,,".: .. , ..... '., .. ! 
• '. .' • ',1 : ~j '\ 

':/ ',: ':'.:' '> . ., 
obta.in i.:.': .; ". 

I.' 

Introducing (10) we I:.· .... ' .'.,t '. '." 

;{,!,:;-'.. Gj b G + dG/Clxj ~ x..(dG/Clx
a
) .• ' . ' (J.2) , '. '(::;:'+,<, 

. ," .. :_: ..... ~. '. ". . ... ,' . .:-:: '.:'.: >:!"i '. ! 
\ :.'.~ • ~. j.", • '. ," •• "': '. ~." • .' ': ·.f >','", I 

,'t;~·rr::.;: : This derivation neither re~re: ::r :on:~adicts the CO~dition,.,(J.3) ". :'. :.i.H .. ,: .•. ).:.:.':., .. l.i.I~;,. ;,','.:;: i 
.:':::~.:; J,,,::.',:.:i::,. ,'.:' " 

.' ,:.ri.. ':. < . One may, but need not, eliminate one of the molefract1oil8 before apply1rig .>~.' r.:;·.):;-:~;>:>:.: 

;'.-.' ( .. -;: .... < .:::.: .. :' .. (12). The derivative's dG/Oxa, however, have' no :p~s~caJ.~ meaning. ,,' ~On~ 'r' .:.J!r.<)·:\,:.::~.(;.\·: i 

·t>.>:: .. :·.··:;·'·· diff~rences of two 'such derivati~f!S are' meanu1gfuJ..·.:··~ ..-; r~~·.:· : .. : ~:) .. ' ... ~·.::.; .. :··;·~i)f·f:;i;t~~;«:::i.:·f 
'. /:' ; :. :< ... ; , . · ••.....•. " • !e(~., .. ". i ':':i ',,~, '.... . . .'. .,·,,"~J:,\·,nfif(,1:l'fi':' !',';i: ~;(i{~:?~{'l,. j 
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. In algebraic calculations as well as in automatic computing, Eqn. (12):»},\'" 

presents practical advantages over equivalent relations8 that contain only.' : .. ~:<:...\. 
-:"." 

. :~ '. .~ 

independent mole fractions. 

For binary mixtures we always replace x2 by l~xl·and-obtain from 

~ " . the well-known relations 

= (14)" 
........ 

'\ "," 

" ,-,' 

,' .. . . ,' (15) .. .'.:.: 

..... 
. ~~ .", . 

,,' .. 

'. ,:~"' .. ':, '. are exhaustively represented by . ' . 
. ", 

.' •. ~ 'f 

. , ',' ! .-
.~ .. G : . :;" '.-: . ~ \ :-

. .: ', .. 

'~. ' .... and z-l relations of the type .: : 

.. 
," . ,., .' ; .... " '. '. ,~ 

" ...... . 
< : ".~. "." "::,' "', . ::: . 'OG/dxj 

.'. " \ . 
" ~','" 

." :' , ~ 

. , . .',' . ' .. For binary mixtures one derives from (14) and (l~).; ::.;;\~: 
..... . .... 

. .. ~' 

.H •••• ' ••• , •• "\ "_ " 

:~"'~';: .. ;.",~/ .. ;. ~(".;, ... ,,:::; .~. 
" " 

G '" _ ...... (18) 

, .. ; ... 
" .~ , ..... = 

'. . '.',: ':. ::~ . I , •• :: 

., ': 'I ". ~;.'.:.:_. • • ",: -.",/ "_,, 

~,,~ •. ~,:, ) ... ,.,'J' . :;::~.~"~~:'~~.:.! .\.: 
.. '. ;. These relations are helpful in checking algebraic and numerical.: .calcuJ..atj.ons.:·~·'.··: : .... ::,: 

. 't.: .,.~ .......... ~:\ ': • . ~. ',' .... . 

• • -~ ': .' '. ~;. • :.;; ; .. ~ ~!~ ':i" ',>, ' I 

'. :'>r-:: .:.' '. ' .. ' > . Moreover, recently we found them use:f'u.l in debugging' a. computer program. '. ;', .j" .' /. .. ; 
• \ 1'. '.'. .:":.' .' : .~ .• , 1 " .,", 

.: '~ .. >:;.':~.:".: ... ':, :.':":.;: The concept 0-£ the standard or reference state unquestionably has be~n ',·,··,~.;:·i.t~{; .. :·< : i 

,~.". >~ ~.': ':',-':.':",. ' .. ;::;:"'.:" essential and a major achievem~nt' in the system d~eloped by Lewis. But .. :.~ i?);:::.~\~·::;::::· 
:' " " 1.:/'· .', • :~. ~ ' .. : .: ... ~~.~A:;,.<~~.\.::.~. 

:··'~\"\c;;~e have ~~. considered it as a ~ station,~ which we proceed r1gh~;'::':;;>:L 
.;.:.. ...:.,' ,:.: . .':': awa:y to relations containing only realizable qu.a.ntitiest. If we express the." ""J.,./,:: . 

.. ': i:~: . : .......•. ' .• " '·r· •. ' . '.' .• ,::;.' I; ,i. : : ' ',.,: •. ,,' ...• ;. ' •. :;,.... .... ' .. ··.;;i,'!..Ij~j,ri:t,;\/,~}." f·:.l:i; . ',),:.\'; rj'J~;l':!\It: 

.',' 
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I 

. partial molal free energies F j and F j of the species j in the liquid: 

. " .. ~.: . 
•• , l 

and the gaseous phases by 

= 

= 

the equilibrium condition becomes 
.p 

" The constant at the right hand side is 
:. ~'~"; 

. 0 . 

...'0 F 0 F' 0 I 
u.t;' t:I. j -: j." 

: ,to:', I; 0 

. pressure Pj of the pure component at which 
• ~.f ' • 

.. , '", 

'. ~ ; .i', :' \ ' '. : 

'. ". t. ,-

. . .' ' ;".,,!! .. ' '. ~. '" • ., .... 

.. .' .. ' : ...• ',~, .. :.' .. .... :;: .. ~~ .. :J:.:.(.: :.: .. :.:>' 
t •• ,·. Xjt:l 1.; rj "" 1; Yj = ,1; ¢j "f'.¢j; Vj -= Vj . (16). ' .. ,' ....... : .... . 

i,: >, :": so that f1~:: :c/ :'.~~):\~;::. 
;~:,':",': . or:, RT In(Pyj~j/Xjrjpj~j) -}j dP + .' fj: ~. ~ o. ,.(17). ):"'i.~;'V~, 
':' :'.:.':.,'.:' ... : .... ;'<:. :..... The frequently permissible simplifications are well known. ": ':', . ,:' :: .. ..,: : >...: 
~~ • ':.: .:,.'., • ~ ,0 '. ,'" ~ • • " ••• ~~. ,': 'I" .~ ... 

. < .~ . .' :. ; . .':.: In this presentation· all ideas of .symmetry or .analogy between activit;"::'; ;::' :~.:.'~ > 
.. . " ..... . . ,:' . ';~. . . ." '. . .. 

:. '. . .' • ' •.• ~ :: M, : .' ',. .. "':', ~>. >";.';':" coefficient and fugacity c~efficient are abandoned. The .gain in economy, .. ,:, .. ;,>:: .. , .. , 
.. '.' .. , ,.,."., . .~: ;r:\/:~)~·,r: 

: :: ... ,.\ ':' .... : . : .. : s1m:plici ty and easy understanding is believed' to outweigh MY ·loss.· :'," .. '<> 
: .. ' ... :) .... '. ' ..... :., . .,-:, ,:.1.>:"" 

<:::,:;;'::. '. <:._.. There is an important differe~ce in' the' roles of y and ¢ in (17). : ...... ,.,' 
, " .. .;:: 'f.;·~'~~;:.:::' .. ' 

. :<:,.~.:':. ;': "".", As a rule, the activity c?efficient is the unknown. This mea,ns immediately. ';:".~' ::.' .:.: 

: '.·\.~:~;'·~r ·::';\·r:.,:· .that the fugacity coefficients must be known in the application of 'the . ; .. \.~;,:<::::'<"" 
. ,:: ~>:/:, :<:;: .'::':.:/'.:" equilibrium' condition (17). If we cannot assumeth~t the vapor is a pe~fect' ~ (".::-; '<" 
... ' .:: ; '" .:"", .\-':,.':,"" ~ . . .'.' .". r. ',J, .~~',: •• :',;":::' 

, ' .. "~'<". , . .":, .... ':,:' :: gaseous ~xture, we have to derive .the fugacitY'~ coefficients. from' a suitable '<.:::):"~.',' 
! . <"'\ ':' .. ><.. . ;.:' <. :, '.:';'::',' .... :::.,'., .. ; .: ......... :.:' .... ' ":'. :;."':,J.>;)~r' 

" ' .', equation of state. . .' .. .' J • ............. \ "". ' .. ' •. ,;':. . I.; ".,' (' 

'. • " : j' /. : .' " • • :.> . 
• >(, • .' ~.. .," 

q I • • •.• 

:1 ;. 'i '. :~. • :: .' 

.' •• • I' • .~. 

'. . , ' 
\. . . ~ 

l' .. 
., . 

'I ' • 

.' . 
'. : " . 
. ', -1 

..;. ..... 
.. ". ; ·'·"·>·)·L<., ,: .. \ 
,.". 1 ~.. ' ,,' 
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:. i. . ", " 
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The computation of the activity in the liquid from data for vapor-

liquid equilibria is therefore entirely independent of any assumptions 

regarding the molecular state of the solution (the activity coefficients 

depend on 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, 
J 

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 acid 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 fugacity coefficients therefore must be 

derived from relations taking into account the molecular states. A 

pertinent example has been recently discussed in some detail by Campbell, 

Kartzmark and Gieskes. 9 

The objectives in our attempts at representing data for activity and 

fugacity coefficients are somewhat different, too. Since dimerization or 

other molecular changes in the gaseous state are rare, we leave the 

consideration of such changes to the discussion of individual cases and 

are satisfied with general equations of state disregarding them.· In the 

liquid state, however, association is quite frequent and important for . 

some classes of substances. While activity coefficients are computed from 
\ 

observed data without any concern of the molecular st'ate in the liquid, 
\ . . . 

their magnitude and concentration dependence are great'ly influenced by 
\ 
\ 

association. Therefore they furnish quite definite information on the 

I. , 

, , 
r 

, , 
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! 
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molecular state. Conversely, accounting for association greatly'· increases.' '~':/:'~':':' .. " 

the efficiency of the representation of activity coefficient.."\:}::!'"~,~ 
,.I '. ,.' : ~:' . ''', . ~,' .' ~..""." 

': '.' ' .. { .:::: . :': ~.~:.:::!i / .. Fugacity Coefficients 

The very fact that many more than a hundred equations of state have 
. ...... : .. ;),/:~---;:~; 

':- ", .::' , .. ', ... 
:;.;:. '~";: .~ .' ,.: 'been proposed suggests caution. We should consider only practi'Cally:.:';'~;;;,;·i.>.::' .. :·<~ .. 

(:,i~;~,:':J:~:. ::s::a::q::~::::. and let molecular theory help~ guide rather .i~;,!If:~,., • 
. An algebraic formulation appears to be indispensable. Compressibility .::.:~;. ·-:,.·:--t· .. ·: . 

• ", • : .'" • '. f ',' ~. • • • "\ ~'. .': I •• '.' • 

::<;':':' '.: ...• ' .~.".'. :::t:::: v::~:::~::r:e::~ b: b:::e:s:r::::::i: d :h::~iO:i::se, "'~?Er::;;~', 
',". ",! ••.•• ; -. 

'.";',,':; :e e::::::n o:i::t::e~:::e::r::~~ :~v:f b:::::;U:e o:r:::: ... ,',;'}, "t, 
.~,: i.: .. :).· .. _ :'.' :.: ~' .... :. interest in an equation of state however does not lie in the compreSSibilit;;:·::\·:~X.::~~··:·:;·:::-· 
i.'}.\.;::, factors but in the fugacity coefficients. Here the a.lgebraic equation has·',,',]:'·;r,: 
~;.::>:.::.~.:<'.:<'."" . the advantage of retaining its definiteness in the necessary steps of . 'j::'/"~::<,~ .. :: ....... 

,;:,:;::,!;,.:;,.;.", :::::::::~ ~~n:f::::::::~o::::: :::£::i::: : :::: :e ::rica.l~I:!;; ,;'::, 
: '::::<:':;::".:/:;~' <c. real objective, a definite .combination rule for-' the parameters, independent ':'~;~i";/::;»:t:: 
'.,,,,J:::: ./~. .' ;': . I' ~ ~.~',;~ •• ~I •• ~~.; "',,,' .. '-: 

;,':.;: ... ; of specific data for the mixtures, is desirable. .' . :_.:: .. ~:.).~.; .. /,J 
'.;:(,:Y'·,:.:;', An equation of state, or at least its main term, must 1mp~ an equ .. t1on;;':'~::" . 
" ~;'}::;.:.~ .. ::> .. .':'-:.( of third degree in Z. This conclusion can be drawn from Wegscheiderts.. '::·';?::·.rb~::-~?~~··:~/.i 
".-:~':':'\;~.(£/<;~.!.;:. 12 . -' ..... ". 

<:J~'::".J-/i:: ./;~ ...... discussion of the equation of A. Wbhl. . . ':. '.' ~:~. :<:~::;;:~);~ . .-,;<~?(: 
.' ,~'. '::"/' :r':/:::' Good performance. at high pressures is closely connected with the : ....... :;~'.':'.: .:.;.~.,;:.;.>.: ... :--
~:~ ",:y:":;'. i··<~ ... :~~:> :.... .. " . :: '.' '. :...", i .'\ .; .' . ....: t. : ,:- .• ~ <.<:'.';'~ .. ::r~' :. 
""", I":" ::.,;"'" .;!'. approcch ofi the experimentally well established limiting condition for the "::.:: r:.:·:,': .. ;,;:::· . 
i::·:\.~:i:.:~.:/::>:.:::·>~;<.;. .!". '-: .. }.':. '.' ". . :-:. <.. :,,;:; <,.:~ .. :'::.:.' ;:'l'~· ;l.:< '.'" '.; <:'" '<>'~>'\<:~.<\.", 
.... '. ~: "" .' reduced volUlne V ... ', '.' .' :., "~\' .. ,;".;.' ., .. , >... . , ......... : • 

. ', 

:. t 
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For mixtures, Neusser's long forgotten condition13 of additivity of 

the volume at high pressure should be satisfied. It is obvious to 

interpret this ~ondition 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 pre'ssure and high 

temperature is an obvious condition. 
'14 

An equation proposed 13 years ago satisfies these conditions. 

It is very similar to van der Waals' equation but represents the 

compressibility factor of gases much better. Except for the vicinity 

of the critical point, it gives results fair.ly close to the data of the 

generalized charts (Figure 1). However, since it contains only two 

individual parameters, we did not expect too much of it in view of the 

well-known invalidity of the theorem of corresponding states. 

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

such as our old one with the eight-parameter equation of Benedict, Webb 

and Rubin. 15 It goes without saying, that their equation is much s.uperior 

• ..; in the representation of data in a limited range. But it is the great 

" !' adaptability and flexibility of this equation that impairs its power of 

". ; 

\'\ : 

extrapolation and prediction. Two independent investigations of mixtures, 

17 18 namely, of heat contents and of the critical properties ,led to the 

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

eight-parameter equation. 

The remarkable success of the tables of Pitzer or Riedel for 

compressibility factors justifies the expectation that a three-parameter 

equation of state will furnish, by means of a convenient computer program, 
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;" 

satisfactory values for :fugacity coefficients and other thermodynnmic 
'.' 

, ~.~ . ~ ',' " .. , . . c" ',' '" quantities of technical interest. 

j~ , ,. ' Naturally we tried to modify our old equation by, introducing ,one .·.:,J:,'t~;;t 
•• < •• :':-~; or even more individual parameters. One can proceed quite systematically .•. :' ,~,\:'i" :~,', .. :',' 

.. " ,:;':"., ',,'" Since the main de:f ect o:f the old equation occurs in the vicinity 01: the, ,,',:::'(,;:,,;:':; \:,: " 

'~~ ,;' 'j'..::,' I "':,: ',critiCal point, we startedfrom the general equation of the third degree,;',::<:{rV·:,t,<:.·.' 

,:', :'".~~;J'>:::~, ., .. ;: introduced the required co~ditions and examined the l:"esulting faini~ of :':,:;;'>f;;·.::':<)< 
>'{;-"::::;.,;;equations. Strangely enough, these attempts were a completel:ailure. ;::::,:n.,~,,"~:" 

.: .' ,.,: ", ~ • • c • 

,>,':";,;'.':,:;'::<': .. ,:. Finally we decided to keep the old equation as a main term and to ",::;~;>:~'lI::,::{.>'(:: 
:.;/:;';,':P,·, SlJ!lerimpose a correction term, which has to sat~;fy, o:f course,. certain 

".; ~;>::'(~ ;',,:.:l~ ! ;':':>: conditions to b'e useful. The improved equation contains, in addition 

::,~.;:'::'.~~:,:>,:,:,. ',::~ to the critical temperature and pll.essure, Pitzer's "acentric factor" as . 
. • .' • ',' • '1 ~ :',' '.' .: .::~; I 

.c:' .;:"::,",: ;'. .' ':;.. I, .,. 0-:. a third parameter. Further improvement has been achieved in c.urrent 

'''\r~,r/:; .':bY Mr. F. J. Ackerman, Mr. R. Gunn and Mr. ,M. Jacobson. We hope to presellt :,; '~",:;,!, 
;,;,!.<.;.:: ~ .. ,;.:: ,,',:: .. <.: Boon a computer program which will furnish compressibility factors, heat., :".': .... :.-.::.:,: ". 
,.' : '~/"', " ' ... , •.•• <;,: '.:,'c • .' 

;':><:' .. :.' .... >,;.<:. contents" entropies and individual'fugacity coeff~cients of mixtures, based" ,": 
" , ":~ :, :', ,'. ' . -,~, 

;, ,':,','" , 

:;;':':~:< only on the ssme three parameters. 

;;}:;.:><,;,':,,~,;,:<.~:;:~ .. +;. As usualli, other problems will arise as soon as, the more 1nnnediate 

::,. \::-,. ::';.' ~ : . .':.:>.. ones are settled.. The use of a better equation of state in the general 
:~ .... '::; ::.; '::', .'.:' .: .--, ' .. ; ;':... . 

:~~>: ';;.::,':~<' :~':\?!., r;,f: thermodYnamic relations
20 

for the critical state of :inixtures is only one .. ::: ':~;J.: ':J».:' i'U,: 

:~;.':;'>/: i;';>~; 01: them. Another one.~bethenseof' a generaJ. equation of sta:~ for llquid!"~;:<:::'i', 
:::.<.;::;:,:';:/. ;,{''-:\ :~?/ perhaps only for hydrocarbons. A recent discussion by Wilson shows that .. :.:::.!:.:.-,:.' .. ~:' ... 

···).:~:~./3\:·\::~~:<~\:!:~: the' derivation .. Of ,v~pOr-liqUid equilibria '~~om an. equation of state ma;r ;.···; .... :~~,~,~~?f::;,::>:··~·~: 
.:' {;7"::: .... , .:'\.I.~, ..... :t . '.',:. " \. J . ' , ". "', ;' ,'I' . ' ,; .'" .. : ~.v: ,,';" .. ".:';~: 

'.:>S:·,:~;-·:····):;'.·!: .... ·<::.;':': c~e fro~ a theoretical' possibility to':a ':p~actica.J.Ji.UBef'ul method.' . ','.:'.( '.:.<~~/":.:)): 
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,-' . . . 

:. -:',' ~~ ~:;····.·i:· 
.. ' ", : , .... :c t ' .. ',. ' 

.':>.~> r' . 
For well-known reasons the experimental information available for, .:- :Y·.{ r:.:' 

.. : .. i (-', ~:~":" .:, .', 

.• '. :'.':~,'I.;,: \ '; . 

.. ' The Representation of Activity Coefficients " 

'" . ' . .... ..: . 
" .. ", .. ' 

< . 

'," <":~. .....:::, vapor-liquid equilibria is efficiently stored in the 'form of activity 
..... . :. ." ." 

,: .. ..;; . ,:,:. "'~' ::; 
, ..... <,' ": :,:-, 'coefficients. : .. , ~ " 

The questions 'of computing, representing and using 
.: ;" ~ :. I, '-" " 

t' ::t:,:,:)\ ;.'.:'~': .. 

~: ,:~.::.~>~ .. :.'. ~ .. ; \:,' ,::.: '.', We prefer algebraic representation not only, for reasons oftri vial<~;.(;>t.~?'.~ ;/:.':,<' 

: ....... "'.;',', '"' " activity coeffic~ents are related. 

,.',', :;:, :"'~;: ~':~:;'::",. ..' , :.:;: r:<~::'/:';r::. ".' 
';·'::::':'.:',,;,,".,.',,:~>:':,economy but also because'of t,he suitability for computer use and, most .",~ .. , .. "'<~.'.:> . 
. ,.<.<'::); .\.~~>:.;:.~''','~.:''j .. ~' of all, because interaction coefficients in algebraic relations pro~de .···\';f<·:·::-:~·:-.·:< 
.. '.. '.' ,"," ".- ",. ,\ ..... , .. < .... ' .... ,'" .. ·.i .... ; .. ,·; 
. " '" • ;' ,~ .• ; .. ,:~. '. ;, '; :'", ;: 'I :. :.~:;.: ", . • 

....... :;~'.:::.:::::.:.\:\. <::;~ .... :. the best basis for interpolations, extrapolations an1 generalizations. ··~;:~r:i::>';: .. 
....... ··'·'·:·.~<t:·; ... ~:.:>,-: : The results of numerous discussions m~ perhaps be summarized in' ::',;:.' '<, .... 
' .. , ... :.' :', ",:, '.';; ( " , :'.:, ;>:'! :'.~:"J 
',.J;'}.' i',.,,:·; the following manner. The activity coefficients of mixtures of "normal. ":V:,"; 

:.'.,.>:;:!::: . "'.:'",,:::. :- , substances are alw~s satisfactorily represented by van Laar's equation'·>·'~;;~::':.~'..;:·> .. 
~'<.; .. ;~~,.~.:,:::'~. ~ .', ....... : .:.~ ~: " ",:0: ::{.'; .• ::. " 

.':':'.~,;.,':;':": ,:;::' ·';.::.or by the equation of Margules (Figure 2). On the basis of :wide 'ex:peri~nce,:< .. ~~~·::.(· .. ,. 
" :.' d , . "... " "., .,~ .. ::.: :~~ ,:.~. 

p:,:C'>';,;!;;,:t ::a::
t 
f:::t~hat van Laax' s equation·is superior~ The difference, hoWever;;';:,"; 

, "0: As a historica1 aside it mq be mentioned that the names of these;i,.:\;}}~·~;: 
equatio::cu~::::, a:~:::n::r::~:::t:~e:~~:::: :0 e:anly Laar':'~~/'i;:? 

<:", ·~r<,.,.;:,·.;.>;~ ;',~ -, the ratio AJ/A2 of the two coefficient's should be~the ratio bJ.lb2 '01",. the ,': :''':'':':-.J, ;~." 

·',:,.:·.i:,~ .. ,:,:,:, .. ;:,' .. ,:,':.! .. ~(:,·;:.,·:.:·,::':.'·.·,:,:.""::,.:,,.:,·.,., ... ·:: ... ,van der Waal.s COeITici.e~t~. This restriction Was cmdtted by Car~son and "'.;::\/< .::::::, 
1 ',.. ! .;~:' .. ~',.~':':" .. ;.\.:~.;: r. ;:.;~;'<::;.: .J~~'~.::':'.,:' .. :',:: C0.1burn• On the other hand, Margules suggested a. power series rather ' '; .. ·.~;:'·:;>.>;-:·;f.; 

:"{i;;,~':\!:'Lt;::(! than a two-parameter relation. When we expressed th1~ power series by .•. ;";':;:,.", 

i 'i':;:)~;;/ (\j;:~( writing for a binary mi.xture . .' .. ' . . .' . ,< ,i "; .<J . ('1;9~' .).~.·.,i.:.: .. ' .... :.:.;,' .• ,::.'", •. ~;:\:'.:.:;,: .• ::'.,·.·:, .. i.,.· .•. :,;,.,:.·.::.:,.;'~·.:,:,','.\.~~:,.,~,:~\,_, 
.:;!;~:;.~r'rh!,·;;:~{;;':rQ~ x~ 1ogr~ +.~ 10g~2:~X~~~~.+C(x~7i;~.»(~~~X2)2 +,t] .....•... ; ...... ,.~;;;;:;; 
: '.;,':' :'"> ~ ';'.~ ·::'.',i > ;:'., ~., \we were unawa,;e' that. Gug~enhebt23. 'as< well.; as >S~~tch'~d an~ his ':~~~kers24 ;',::~}>< ~:, W 
·,:·.'~,:.';~.::~(.i·f<::,."·'>·.'··:: ;.. ....... ,::' '.\.,>: ... .',;:;<l:<}.~:.'«j.::;'>~.;:.;.::.> .. :/ 1 • .' •• \ •• :,', .", •• \, '.'·.·:i ,.I ,;,,~~\;~;~i':::~';':\'/:~ 
.. . , had used similar relations. . "\" """ " . ',' ",' ,. '.1 • ,.'" " J" • .. J " , ......... " 

, ,,'.' ', .• ,' .. " ::.;: '2' .' ..• ', ..• " .. :":; , '.: .~:,;.;: ;., !':: :::;:;~;i'l~~ff,~':;; ~~~~~i::t%~~tt:;,":;~·';"h;,;;;.j;'i,··' ,,',,>::.~' ~"~"'/f/; 
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. "'~. . 
':' .: .... Appreciable deviations from the two-parameter relations .indicate 

.0, •. 

a chemical change. Such a change me::r be the formation of a compound ;'::,;. '~,,' . 
• ~ \ - , t • • '" :"' ... ::.:, .:' 

<,: .. :.:/~:)., : .. ::~:;,.;:.1~<.:; .. between two components (chloroform-acetone). This case occurs infrequentlY>\'';;;'·'/:·. 
. ', .. ~" :,,', ".' " .~: :': ';'. ~ .... ~. ;\." :. 
\\):.:, and is best discussed individua.l.:q. Polymers, too, require a SpeciaL..}:;:". 

;'::: .. '.' 'treatment. Association'by hydrogen bonds, however, is a frequent and" .. ::::{<., .. 

,,;>.<.> technically llnportant chemicai "hange. It must be taken into account . :.iJ;i;':.;. ' 
. in the general methods of!" representation. Dimerization of' ,aliphatic::":;"::';:": : <.: 

. '~'~:,. -: -.. !':: ,;:" " . :~.< :,,~~~~.;;~:;::::.:),~" 
..;:;: ::-::{~;. )'," . in liqui'd solutions is well known. Its effects are similar to 
.. .;.~ ;,' ".' 

:::::::::o:~e influen.ce o~ association on aCtivity c(FoeifgurfiCei2en)ts .. , •..•.• :: ••....•... ', ..•. '.: .••.. : ... ;.< ... ~'.:., .. ,: ...•. :.: •..•.•. : .. ::.: .•..••...•. :, .••. ,.: 

;'.' ~.:: .: .... :.:'.: .. /. ~'.' is well established. 5 The contrast between a normal binary . 

;.;;.·.; .•. ,;.~.i:.:,(.,-... ::'··~·,.~·.:i;;,\:.· and an associating binary (Figure 3) is striking. The third term (D_terin)'l;~;;« 
,- ... , .. :."~.::>~:.':-:"::. :"'--": 

\:'):;:j::;::>.~.; .. ;:~;':/:~;/":;;:~.: in equation 19 gives a crude approximation of the add.1tiona.l~ :function .... »::(~~.::: .. }:::.' 
.' ,,' :'.':. . ;.:: ."'~ required by association. The association effect. is greate'st in mixtures, .:',>:.; ~>.:. 
L,:::::/~<:·:·:::t :'~';:':~.~~~;).::'>.: . ~.:;'';'';;: ... ,'. 
;;2/:1";.;)';:4.0~ a strongly associating and anon-associating substance (methanOl-"};:;"~;'A/ 
:'::.: .. :J .. }:'!:." ...... :: .. :.::.: carbon tetrachloride, ethanol-iso .. octane). It is reduced or suppressed. ""''''',' , .... 

::0 "::::::::::a:::::
e
::::, hydrogen bonding between the molecules Of";;:itili"~ ~;; 

The quantitative representations proposed by Redlich and· Kister25,: :'~ ;:)::'::~i>(';' 
~ ~: ~.~'~ :.~. :.J.;., :_/ '.::' : 

26 27'" ". ~ ... "'.' Scatchard ,and Prigogine, Ma.thot and Desmyter . , f"urnish .better . ':~; :/:: .. :::;.;.:.; .: 
:~,'.';~~:' ::.' :.;'::. /;.f ,:. . __ . . . '<i:: /y.:::.::./ .;.: 
..... ::,:.,;' ... ' .•. ;: .. :' .... : . .i "' .. :. approximations than the third term in (19) •. One has to ta.k.einto account·.: .. ~;<:;;·.,.:: 

i:;,;.;':.)J:~;~/'}1.::1::·the direct e~~ect o~ the. "true" activity coe~~icient o~ the associating 'mr,~~)~;; . 
. :." .. : ) :,.~ . .' ',:;., . substance and its effect on the association equi:tibrium. Starting :from . s.:·,::·.: .. , 
:~ .. :' ',' ';, ;":::j:~.~.' ,:~ ... ":" :.~~. . . : ~.~f::·!·.(\.~~~., . .... : 

;';::'/'~:<~.;:~ /;r> >:/\:" the relation of' Scatchard . and Hildebrand one arrives consistently at the . '{/.'.>.~;';';<::':'. 
':',: ,: ::,:·"f:.,;~-:· .~;-.::;".:' . . . . . 2' . '. . ;:} /'.: .. ; :.:,'.'.;' 

?':::;~:/'.:; ... y.; .L;::'F;:.~ !:;f .,:: association functi'on; prop~s.ed .bi. us. 5 .. .' ,Th~ . ~~lat.id~ of Flory and Hugg1n~~:~< '::~;;'~:';~';}.' 
:.~-r'~f'.~"··::·.:y;:··: ~:';'~",:":'::'" . ." .:. ,. :";' .' ,'. ;'. 26", , .... :;,;:,:~1;,~.j:~;;";:.: 
~i .. :.·:"';·;:.<·;:i :':: ;'<.·.t·:· ... :~,:rlea.d.s to t~e differ.ent ',function derived. by . S~atchard...,. Prigogine, Ma.thot Jr:~:.::··.:,\ 
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and Desmyter27 derive the same result for the association and simply 

superimpose it on the relations for activity coefficients of non­

associating solutions. The question of intrinsic consistency has been 

25 . 28 discussed by us and in some detail by Lacmann. 

So far these association functions have not been thoroughly investigated. 

A serious discrepancy, though, has been noticed by us and by Kretschmer 

and Wiebe. 29 The association :f'unction contains only a single parameter, 

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

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

study~of this question with the aid of a suitable computer procedure has 

been long on our program. 

The clean separation of the various association effects from ordinary 

interaction 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 members of a homologous 

,series (normal paraffins) ·has been repeatedly suggested. The'consistent 

development of this idea by Pierotti, Deal and their coworkers30 has 

reaillted in an efficient and useful system of estimat,ing interaction parameters. 
~ \ 

Langmuir enthusiastically described and quicklY" abandoned a model 
f 

that in a similar way systematically resolves interaction between two molecules 

into interactions between their constituent' groups. The reason of Langmuir', s 
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" i, 
f 

! 

j 
I .. , 

! 
t ; 
• , 
, 
i 
I 
I 
I 

• f 
~ 

": , , 

I 
I.; 
? ! 
~ , 
f' 

l' 
, 

~. \ 

i 
1 
t 
! ; 

! , 
" ! 
[, 
f" 



. <, 
, , 

j;.:.,' 

" , 

, ..... 

- 15 -

/ 
sudden loss of interest was clear to us 9~ the basis of our own experience~ 

. / / 

/' 
Unaware of Langmuir's work, we tried/to develop a similar model in 1950 (At 

32 33 . . 
about the same time, other authors;' had proposed similar ideas). But we 

• r" 

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

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

Experimental information33- 37 in this field became available at an increasing 

rate later at the time of our discussion of the group interact.ion model. 3 8 

Lundberg's determinations39 of the heats of mixing of 27' hydrocarbon binaries 

have been undertaken as a first step in the further systematic development 

of the model. 

For several different reasons further experimental 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 coefficients while the direct measurement of activity coefficients, 

may be restricted to a single temperature. In this way one obtains not only 

a more precise basis for covering a s~ficient temperature range. The measure-

ment is also quicker as soon as a good and convenient calorimeter has been 
\ 

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

addi~ion to the usually corrected vaporization due to the change in tempera~ure 

o~ the calorimeter, one has to take into account also the "isothermal vapori­

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

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

larger than the other contribution to vaporization. 
s 

The use of carbon 

tetrachloride-benzene for testing calorimeters has been discussed by Pe~a 

and McGlashan. 40 

Increasing information of heat contents will also\furnish a basis for the ., 

discussion of the excess entropy. 
.. ! 41 

Hildebrand t s "regular, solution~' was an 

early and very (useful model. Further development will require experimental 

data as a starting point. 
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The -y'olume change yM on mixing has been' studied not very frequently. :'.:' <.: :".; . 

. :.",c' : .. '~. 

Early in this century Biron suggested·the relation •• L· .. • ',: ~~. ~ •••• , ~. 
,,'. ,' .... 

'.: "":':.f -",J' ,Q :." ' ..... 

(20) 
,: ..... ;: ': 
j . ~'!". '. 

" .' 

.,.:.:, :":. . ....... :; The natural develol'l'lent of this equation is a relation similar to (19)· .. '>':~:~'~;; .'~. 

>.... : .... ,. :.: ....... '::.;., Theoretically significant results' have been derived from volume .' :.:.:;;.:.; .... :~ .. : ... 
. .': ;.,'2 \: ", . .~, I}' ',~ ", " 

. . '12.0' ":.' 
~)"::t",,: changes of mixtures of normlU paraff~ns by van der Waals and his coworklors •. \: r 

.' ... : . . ' .' TIle relation of their resul~; to Bronsted' s principle of congruence has ':"Y:[:F.': 
: >f:t ·.:·r'::::::;beeit discussed by McGlashan~ TIle volume change on mixing .lllB¥ very well:::, ;-",:.'..0:: . 
'\. ',', ". .\:.., :'~I"/ '. ,. '. :;:-.: ," 
.. '. ;: , ,: _ . :.' turn out to furnish interesting' results in other problems. ';., '.,',' " . 
. :.: ". " : .,'. '.' .: ...• : '~:' .' .'.: ',' ~.~ .• ~:,.l: .• :,,:.~~.·· .• ·{ .. :.:.;,:,,· ... , . ' .. >;~'.~: ~.».'.<:::.~:::. ::'.'~, . -, ~ 
··:.';:·A !::;: :'.:;';' ... ;';' ':' . Computation ",.:." ... , 

, .;;?;'}, ;? 
In view of the development of computers the question is. hardl.y whethe%" .. ' ...:; . .' ~":,' 

. .. : ~,:,,:.~,~:.:.:'~': :~~,~.,.~~ 
we should apply automatic computation., This is not purely ;, ..... . ',' . 

,: :.~ ~,;;.:<:\.: .:- ;"" 
.... : ... "' .. ".', -:~" .~:.,:a question of computer technique. ;'.~,.::·.;: .... :'.'~,.·~.i.·: .. ::.'<·~ . . ,:.'.~ .. ! 
,;.»":< .. ;:~ .. :>:':\;;>: .. '" All old, methods depended .heavily on the judgment of the calculating . I .. 

":.: ':~(":, .. :':,' ' •• f »t : .. " 'f 

,.;:'.:~'((.::'.{':>;:::.'.:'.: .. ".:.: experts. Activity coefficients were computed from each measurement, and .:.',>.:.:>',':.'.;< 
" -' , '.' I' • I ;, ...: .~.~ • ,:: ',; ( 

;.:: .. ,;,:.: .... ;.:;: .. ;;.; ... : ... : either checked for consistency,. smoothed and represented graphically or ..... " ~ .... : .. :. 
'<"~ I,: !,,~ ;;:,t,.: t~~ ~:.;.;.~.;,,'~~ '.~. .' . " . ~ !"~. ,,~, r:: ... .,..~; .,\; "~;' 
,'~:',' .::.;~,.:'., '. :.":. :.:,in a. table, or smoothed with the aid of a suitable algebraic relation. : ," ·::'.::L:\.:::.:· 
:~<~';~>.;~:!,::~".',': ;~: The subjective smoothing now must be replaced by a least squares oper'~t1o~~;.;·:·,,,,;· 
:;::' '.' ,';",;' I. :' :,: ", ,.:.; • .. ..; '. 

<";; .!.:'>.: i::,' , Here the problem is the assignment of weights •.. The whole calculation is " ::').f{:~~':.'~·~: 

,;::,:'::r!f;t'\~~{ii,::~::~::~:e:::::~:~::~:~:;::::n:::::~: ::~O;::~::Yi:i'f{"c.'.~:: 
.J,,:,:~,_ :",:~.,.~ .. ~,.:,.,.~ ... ~~:.:::.~. ~ . ' '"" ".'. ":,; ,":",' , ':"~'" . '-. ... " " .. .!'.~".( :~'.~'~:::" ... ":., 

;: :j.'!;'j /,::':':J..;~~:':<::; 6 ~~: acti vi ty coef~~cients .': ·s~ce·}h.~ : ~~ror' of yJ x~ . ~ncr~a~~, .~beyond ~. 11m! t ~n' ~ /:',/( j<.:~ 
';.~ .',:.: :!(.:.:,~~_:,: ::: ;i:';:'::.· , .' .:). ::. «;,.~:' ">:" : :'):,:, ,:' '. '.',: ~., :<.>::< .. 1,:': : .... ~ :. : ; '.' . ".>.. .' .: ~ ~~"""~:'/";':': ',~' 
." '. , ...... ',' .~ .. ' . approach of Xl = O. ,.,', "., ,,, ... ' ."., ," ': ....... ' ... ),t .. r '. ,. . '. ..' . - (i" '. 

i ~ • 
" ' . 

... . 
. ' '. 

,t' • 

... :. 
~, • .... " !, • 

':: .... ,., .' . 

. .', 



,0;;; • ", 

. - ~ .. 
,.. .. . " . ; 

," " 

- 17 -

The second problem is the consistency test, provided the vapor 

c9mpositio~ is determined (so that the data ~e redundant) and provided 

·that consistency is not automatically enforced by the use of a correct 

algebraic relation. 

Tech044 attempted to develop an unbiased method. He represents 

" 

I '.~. ;',' 

. ~ t i ':. 

: _" • ~~ {I • '. 

:_: : ~ .... : .i. ~ . ". 
\ .. ,'.': \ .', 
. '. ;, ", ~. \ '. 

. ~ .~. : .~: . ~ .' i " 

~ '. . -. .';'..... ...... ~ . . " 
~ .. :. - :; (- .,' .. ~.' 

.. ;' .~' .: : > :,., .... , 
~ .' .. . . .: : .. :'.~:., total pressure P and the mole fraction Yl in the vapor by· means of 

" : .. .... : .. 
.:; . orthogonal polynomials. 

.. .". 
", ; ~:: ,~.: .:.: ' .r', . 

..~.:.~~.~:.':~'.: "t':: 
He introduces the equat.:ton of. Gibbs and Duhem 

and uses essentially the quantity RT <Un pi dyl as a smoothing variable. ".>\:~:':'>>," 
. ~ ~ ":.:' .. '::~ .'. 

'. 
'. ~. :'. '. ~ " ~ . 

; .", 

.::·.:·;'.:/r:·:: .. ;;·,;:", '" .. 
~' .. :.' .... ~ :. ~' . '.' . i 

For this variable he derives values at 99 pOints, uniformly distributed ... , ' .. ' c. "., , '., . 
· " : '. '. :L~r, ; .~ ,., t ',' 

'" .' . ',. "'. ~ -
: .'. : '.!' .• : .. :,.. " in xl" 
; .. 'II. ~. • >. : .. ': ':'" 

.:" :.~.~~:' .~.:.~.; ~ .. ~~: .' :: :~,,:. :,.~ 
I .; ".::.', " ............ , •• : an assumption is as a rule .quite reasonable but not 
• .I ;.: '.\ ,. :'. '.:.':'. ' •• :::,'. 

:.~ :' ~. ~ t' -:".;.~ 

These values are implicitly.. 'assumed -to have' equal weig.hts. 

Moreover, it is hardly transparent. 

.:' 
· i .,' ':.' .. / ~l._ 

necessarily the best "':: :.~.; ., · ,", ~.::~ ~,\' .::, .. 
The r€asonableness· . ;.: .;~;,~ :«. 

Such·····' 
'. +.' 

~. :..,.~,.::'. :.: ...... :~:: .. ::::::: po~sible one. 

\; .... <::',.:.': . '::.>'::.~" depends on the uniformity of the distribution of the measurements and 

/~.:;.~~.·:.:·.;/..:'.~;·::r··:·::··:;:··r·· on practically equal accuracy in ln P and Yl over the who~e range. . I. ,"'/: .::~';";' )'.' 

. . : ... : . "l'";' 
" ". ~;. ~" . 

>;'.::'~::.;~.'\ .. '. ::;.::.\:' .... ::'.\.' The influence of non-unformity of distribution or a.ccuracy would be ,:-,.'::':" '. '" 

~:;.::.:::::::~'.'.;-:.:. ... <.::: ... ;>:~:; .. difficult to €stimate. ; .f,,;: .... 
~ '::' ': ;;.:; . :.:~; i . : .. ! ..•.. :::~.. '::.~~)··:k :': .. ::' 
.:.: .. /: '.:;. : .... : .. '.' Even though Techo's method cannot be called unbiased in ~ strict ... " ; 

.>.':}:.:;: .... > ... : ..... ~.;; .. : .. :).:,:;:. sense; it is attractive as an attempt to eliminate arbitrariness. But the"":y\):~t~":' 
• • ..... ' "" ' 1_, "/, ,"' • '< ~ .: I 

:; ~':;"':;:';~':'.":<:::'>"";"~~' practical di sadvantages are considerable. It :f'l1rnishes only intermediate' .... :'>;:.~. ?-, . .:: 
;.~:'.~~:. :<: ;f::- ... ',':, ,:. :.'" . .- ':: .\ .... ' ;," ,,',,: : 

i;·: .. : .. \ ... ,.:';. ".'::::'" .' . results, which in addition are expressed by an inconvenient set of numbe:bs. ~;:: .. ;:~'.:~<.::, 
):: :',: ·::·X :>.~ . ., .: .... ,..:' . .< ').: ~ .. ; ~ ; >: ;.:.:: ~ .. : .. ~ :.:.::/ .. > .. ;> For any desired application one depends ~ain inevitably on a high speed,.: .:>< .. ') ..... ' 
:.:.t. ,i':> ," .. ' .. ';". computer. The number of coeff1cients required 1s ISO large tha.t there 1s·:.I: ." i ! ...... . 

. ::,; .. :::~::;.;.: ..... ;<;.'.<.>~.'-;:,;:.(;. . " ........ ;.':' .. : .. ' "'-: ::'. ,:' . ":.":.':". . .~ : .. ;/.!.~';:'.:;' 
~:.~: .. ~'.<;;i.>::·f.:· .. : .. <:.<::··. "11ttle ~ope for an' ordering .system of the' kind;of }tihe group interact1on l

':,:",:.:'::-'::,' ' ... ; 
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Conclusions 

On the whole, a technique of direct representation of properly 

type, with an association function 

an equation of the van Laar or Margules 

I 
su~erimposed where necessary, still 

weighted observations by means of 

/ 

appears to be preferable. It lacks/formal rigidity and depends more on 

experience and judgment. The development and testing of a suitable 

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 old experience that a small number of precise measUrements 

carries more information than any number of less accurate ones. In general, 

the analysis of the vapor is desirable. But pressure determinations 

,alone are suf'ficient 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 considerable part of this review 1s based on work done at Shell 

Development Company~ Emeryville, California. The author feels a profound 
I 

obligation to the late Mr. A. Lacomble and the late Dr. R. W. Millar 

for inviting him to start this work. He haS greatly enjoyed thecoopera­

tion of Mr. A. T. Kister, Dr. J. N. S. Kwong, Mr. C. E. Turnquist, 

, ~, 

Mr. C. M. Gable, Mr. J ~ M. Monger, Dr. M. N. Papadopoulos and Mr. A. K. Dunlop.: 

He 'is 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 Commis'sion. 
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Figure 'Captions 
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, " " .: "'" ",:.' 
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'Figure i.'" Reduced equation of state (Broken lines: 

. ', .. , 

generalized charts., Full Line: .equation 

:- ,.: ,,' ,14) 
of Redlich and Kwong • 

Figure 2.' Function 109(r!r2) 

butane. References! 

for benzene-trimethyl-' 

Harrison 45, Jost' and':~', ' 

Sieg46 (Example for non-associating compo,:" 

nents) • 

Figure 3. Function log( r Jr 2) for methanol-carbon 

tetrachloride. References: Ni~ni47, 
, 48 

Scatchard (Example for one associating 

'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 i~ the above, "person acting on behalf of the 
Commission" in~ludes 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. 




