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Thermodynamics of Solutions X. Equation of State· 

· and Vapor Pressure 

0.· Redlich, t. J. Ackerman; R. D. Gurin, 

M~ Jacobson and s. Lau 

Inorganic Materials Research Division, 
Lawrence Radiation Laboratory and 

· Department of Chemical Engineering, University of 
Berkeley, California 

Abstract . 

Cal1forrtia 

• I 

. A new improvement of the equation of state of Redlich, and Kwong is 

proposed. . The new relation can 'be applied to the .liquid state artd vapor 

pressures. It furnishes quite good results down to a. reduced tempera­

ture of 0.65. Th~ reasonable limiting relations for extreme temperatures 
,/ 

or pressures of the original equation are maintained ex'cept for the case 

that both T and P at.the same time·assume e:xtremely·high values. Mean 

and individual fugacity coefficients are consistently derived from the 

equation of state .without further assumptions. or. parameters. A fle:xible .· 

computer program provides for. convenient use for a var.iety of problems. ·• 
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··from an equatiol'), of .state. 
,;·· 't.· ... , .. 1 
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The results obtained by an improvement, of the tlvO-J;>arameter ,equation 
,. f . 

·. · · .... of Redlich and Kwong2 irivited .further development~ The· introducti.oh: 'of<· 
\· ' ' • ' ' ., . ' ' ·•. ' ' : ' l ·. ·, ... ,";' ' ' 

Pitzer's ace~tric factor3
J
4 .as a·third pariroeter in'·a 11deviation i\mctiori 11

, 

. ~.. .; . • •. ~ 4 ' : '\ -: .~ . ! 

added to ·the old ·equation for the 'compressibility factor,; pr:oved' to be" a 
' ' . ~ .. : ' _., '· \ ~ . ..,·, 

- . '- i : ~ ' useful -vray •.. : But a. cons~derable. expansion of. the scope :and· y,a:dous: further 

' . 

.: .. 
;' : ·~ 

' . , .. 

". ' ' . ' . '. ·- ' . ' . ~t • ' . . : •. -. ~ . . . ' • 

improvements .appeared.~to be. ~e.~irab~e •.. 
.. 

,-i· '" 

- '' .. 
'":·l . 

. • . • • f - • 

The· use o'f automatic computation ha:.s removed ·almost··all hoids regard-· 
• c - • ' •, ~, - ·. • ' 

,J • • • I '. • ' ' e C • .-, • ,.''_· .~:'·(· '· ·~ ·:;, '' ·.~I • <. .,: •• -:· '. 

ing the complexity o.f the deviation function, proyided that no fourt~ ·., ;· 
' . ' .... ~.' •.l- ;: .. 

·individual parameter •is·: introduced. It'. i~ · obvibus. th~~:f each ne~ indi:~ · ;·. 
, . .:. 

','·' • .•• ' ... -~:~ •.·. ~.~ • l, ~ • 

'vidual parametet improves the re:i;>res.enia~i~n.· ?f a g:i,ven set ·of data an:d ' '. 

at the same time tends to r~duce the ab~~it~ 6f a·rela~~6n··~~' pre:d~ct. tb.e'· 
• :. ,· ' ' ; • :· ' '• •• ' i ;; ' :. ..: .~· • ' •• ' . • '. • • 6 15 ' C) -

behavior of a substance outsideOthe .• expe:rimen:tal range: · .. qomparJ.sons 5' ·' · .· .. 
···· .. ·-~\ .. \, .. ··~.· :·.1-.~-.~,.,-~r·:·· '!. ·,:. ·_(-- .· ·····,·~-;_ 

of ·the old two-parameter equation with the.,e'ight-parameter. reiati<?n of·. ·: ·· · .... 
. 't- ., ' . I ..._ ;· : ;. • I ,·~t:, • ~!·• 

Benedict,~ Webb .and Rubi~ ~;nfi;r:med this. ·r~a~or;i:ng'~ucb.3~ore: ~t~ongiy. than\ ' .. · 
' ' .... : -... ·. ·•• :· '· ••· • . -~~~ •• ·.}>.! ••• f'' ·,·/~_ •. . : . ; -~ ;_ •. ,··.·~·.-~ ···~· 

-. . ~ •. -·-~~ ;.( ... r 
'it "'vas expected.:: A fourth, parameter will1be useful the~efore, 'if ~t all,> · 

·, " - ·.. . . . . ·. . ·_ , 1 : \ . .. • .... ·: ., : . • ~- ~~. • I , . . . • , , , ', . , . '. ' " '. 

'.r. 

' . . ~ . .-

'' 
·:only if it has a. good theoretical meaning •. <, ·. ·-,, 

~ .. ·"'··· ~·. ; . ; ~ ' '.-
' '' ~_,.- -.;:.' .· ~ ·:. >· 4·~· ·~:, • l. ' -;-~· ·.~ .1" ,·_, ; 

Pra~tically the . only compu~ational restriction to, ·be imposed· o~ .the 
' : . • • • ' ~ .. " • • • • ~ ·1· '·. ·' : .•• :· \ ' . . .' - . ;. • 

deviation function ·is .. i;he algebraic· integrabiiity with;respeqt tE>.log 'P,_.,:~:·;:~.; 

· . 'desirable for· the calcUlation .of fugacity ~oeff'~6i~n~~.-.··, ·.The ··~6~-e imu.ortarit::.; • 
• ~ ' • • ' ! • ' '. .• • ' ' • ... . . . • •1; 

.. ' . .". ...... .,: ' 1' ·'" ..... ;'_'· 
have been discussed. before.. · .... restrictions, those of .a ge!l,eraLnatm::e, 

,• ... · .· ;· ... ·. '. 
.... ·f 

'. ,.·· 

J· '! . 
,;. ; 

·, ·.. . . ... ~ ~ .. },_ " ·; \ . '. ' ' 

~·-~ '} '• .,. • • .~ . I l' ~ 'I 

'• • •• '· ·:.~ .1 • '1' ·_ .:; ' . ·. 
. '. !; ' 

I '• ·• ,• l ' ~' , 1 

~oc . •. t 
- ~-. -: 

·, ."~." '.• ................ ,> ,·:. 
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· In. the preceding pape~s. the scope was '.restricted to the. gaseous 

state. The original equation; howev~r:, .deliperately chosen to, be of· 

third degree, offered solutions for the. liquid state that were·. quite 

reasonable though of course not accurate. Encouraged by these results 

as well as by the success of Pitzer's tables, we have now extended the 

program to liquids. 

The key to a~ equation of state encompassing both phases are the 

vapor pressures,:'part·icularly if the attention is concentrated on 

fugacities. -They must be represented reasonably well. Conversely, 

vapor pressures are an important help in the search for an ·additional 

deviation function for the fugacity coefficients of the liquid phase. 

In particular, the deviation function· should quite closely satis·fy the. 

·definition of the acentric factor 

','' (1) 

.. 
based on the reduced vapor pressure p. 'at the reduced tempe;r-ature 

r 

Tr = 0.7. 

· The ·deviatio? functions for the gas and.the.'liquid mu~t 'of .. course 

become-identical at .the_critical temperature. 
. . ,. 

In. addition, · one wishes ·. · · · 
·• . .. . ·•·. 

' J . -· 

. to refer the fugacity of the liquid to .the same standard state as the gas. . . . 

·The combination of parameters chosen for mixtures differs somewhat 

_from the usual linear and square-r9ot combinations.whenever the acentric 

.. factors of the components are different. . The following empirical com-

. bination appears :to .represent the observed data more closely.. :tt entails 

' some inconvenience in the differentiation of deviation functions with · 

respect to the mole fractions, ~equired in :the calculation of individual 
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·. ·: 

. ··. f'ugaci ty -c<:ief:ficients. , -.The combination rule ··will expressed. as: a: ... .. ~-.-' .:· ·.~ _/> l ~=...... ·. ·.· ... ~· .. :·,:;~/.- ... ·· -r· •. · .. ·• •·1 ··j: ~ ... ,._.t"- · •. ·-\-·r 

" . 4efinition of. t~e· pse,~~oCr~~>~OJ: Yai~~~: ~)ic~M,'~<hhe; Jc,en~r~.:~;+; '{'. 
_WM of the mixture. They are given as :f'ullctions of;_·the mole. fractions 

,. ... ' • .r '-•. _;· ·.1-' : "i .·~ •. , ;-- .... ' j . j . .. . . 

"yi' the critical· constants Tci arid Pci; ·an·d· th~ acentric factors ~i _o:r_· .. ··t:, 

the'· components with the aid of four auxiliary quantities by 

A = ~ yi T ./P . i c~ . c~ 

"! ~ 

·- . ., . 
.. _ .. -... 

l -~ 

.· ; . '• .(2) 
• 0 \.1 _., 

·. ·: ~ 

. ,. 
· .. I·. I, 

} . 
' . ··+·. ~ 

·;····· ... 

,... ..... 
·B =· " T 1. 25/P. ·.0._5 .. '-' yi :. i ... , c~. . c~ .. 

.. · 
. ' i . • . ~-.. ' . 

: '' 
... •: 

• .. ·· ·.·~c.;,,~ Y.. w. T ./P .; 
.., . :; · i ~ ~ · c~ c~ 

"'"· :\ .. .' · .. ·-. 

·~ .... ~ . 

1,;' 
~ ~.;, i._ 

v .. WM =·;C/A 

. 
' . 

..: ~· ·(3) .. 

,. 

' ( 4) 
l•,' 

\' J:!~::l>/.' .. :· ( 5) 
,·· 

~: . . .. . ~ . 

, . : .. . \>:. )·. <:, .~ .. :c;·:·~, ~~rF:~: j ·. ·~ ~; :: .. ·;~ . . ·;· 
~ -·· . . · ... :· 

·' 
. '. 

. ; . 

D.;; 1 + 0.5 _(WM .- ~ y. W1) ... ,, .. · ,, .. -·~.< d ·-~1 f '' .... (6) 

· . ...~- -;·. ___ : _ ._ ,, -- );~' ~ -(B2D; A) 0:.6667
8

1 

-~ _ },~,lV~~~!:j~;~-;::::12~ ~:- (Tl••·· . ___ . __ 

'·· ! : ,. •• '.;;p ·.~ ·(Bjl•_25/Al.25)1:.3333>·.,:,. :~ '·' 1
/ •,; 

.. :, .. ,· . 

·-

.. :. . . . · ··<. · . . . . . Mi ·•. . • .. ·. ·. .> _ : ·_:,·J/:?::5~: .. ,-_: i ·. , : J~.;~;: . , . _ ; . . ... . . . ~· ~ . 

Pitzer's table's provided ·considerable ~guidanqe:· iii the ::developmEmt , ... 
• ,: .'_\·; "', ... _.- ... 1~ ;-·. 1·._.:,.··.,~·~7~.;._.,··.~-·.·-... ; ... ·~-.,, .~ ~- -~ ~··_··:: .. :,'.. .. ..... ~ ~.··_-:·_(;._ 

' t ' • . .· . • " ' ·_ ·:" • ' ~ •• • • ' ',.. ' ' ' '; • ' • . • . '- " • .- . ·, ~ • ·,; .:;·· • ' •• ,- . • • • 

of ·.suitable deviation ~-furictions~ The.pr·esent:progra.m 'goes beyond them.· ,:· 
-, .. ~ 

·,·. 

. .. 

. . ....... .:~· . ·.··.· ... ·· ·.~. . ·. . '-, .... '.· .. · _-;.··:.· i: - ''. .. ·:·. 
by, the extension to _lower temperatures;·:.by;provid.;ing :reasonable.·:~imiting · ~: '· · 

.. . ... . ~- . . : . \". ;,,-';.' . ": :'f"~··: ... ..:~; . :~ . .: ; .. 
relations· for high. ~·eii1Peratur~s or. high _pre~s-ures, and.'· by t.he 'consistent . '" .. ,. '-. .. ,, 

'. 
colirputation of ind:i:v;:id.uai· fugacity coefficients .without any further 

'• • ' .• ' . . .·. - . i • . , . 
:\ . .. 

~. . ... 
~: _.. ~ . . ' .;;. ;_ ~ ,. ' ; ... 

Tlie.deviation functions fail, ·however, 
·-- ,.. . .::·· _.-.. ·~' -~ ~~' ... •. assumption or. e_mpirical paraieter~ 

-... j 

':.if both :temperature and .pres stir~ ~e s:i.multimeously inc~~~s~d. t'~. extre~e .- i . ·: '... '.,. 

·.,values. 
·.-_ ~ 

The· convenien_ce of auto~atic computation' overbalanc~s the·.:;.,;-
·.. ' ' .. -. ~-. .. 
.. ' : ~ .. . ~ 

. .. 
·•. 

., . ;~preparatory work of the user even• •in moderately. frequent application. 
··. 

. .. 
_,,: ... 

I •: , •; • 

•• · I,•' __ .;,. 

_.. ;t-

·., -.:· '~ . .... 
,· 

. ! 
. -~-
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The Computer Program ·· 

. The program,_ written in Fortran II language, can'be used advantag-

· ously only in a high speed machine. A considerable effort has_ been made 

to achieve convenience·in input and output as well as highest flexibility; 

so that one can solve a;variety of problems without prescribing computa-

tions unnecessary for the specific problem . 

The input cpmprises the three parameters for each substance, a 

schedule of temperatures and pressures that may be prescribed in a 

variety of ways, and-for mixtures the compositions in mole fractions. 

As an optional input, P-V.-T data can be introduced for comparison with 

calculated values. . ' 
I 

The computation furnishes the compressibility factor, and if desired 

the fugacity coefficient and the pressure dependent terms· of the entropy 

and enthalpy. For mixtures, in .addition, individual fugacity coefficients 

and fugacities may be obtained. Vapor· pressures ot' pm:-e liquids can be _ 
•, 

prescribed by a special option; they are computedby an efficient_step-

by-step approximation. 

In complicated integratio~~ such as .those,of the deviation functions 

with respect to log P, the computer offers the advantage that the whole 

operation can be-resolved in a series of intermediate steps so that no 
. . 

·really involved and lengthy Eilcpress:iohs-. need be written down. Since the 

arc tan·f'uncticin duri'ng integration may change from one range to another, 
. . . ' 

a special subroutine Angle has been added w:hich eliminates i.ts ambiguity • 

All integrations and differentiations have been carried out alge-
. . : 

braically with the_exception of the differentiation of deviation functions 

. I 

'i 
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• ,.,. •·. .. ''.:. ~ •• 'h~ 

' .• , •i. 

.. 
' . . · .• ~ ~ 

< ,. • with.'respect to >temperature· •.. :.:$ilch.a; dfff.l;r'¢n~J,~tion:::xras'; praCti.ca:Lly.' I . 

'i •. :.. . .. ' . . . ; .::. >< ,·, ':'>: .·. '( :' .. ~: .~: '' ;·. ~. <'~~~:,::~· .:- '~-:;··?<;;_~;· ·. . '' }.:: ' . ". : '·;:' . ,. 
impossible. A numerical differe.ntiation~ is. ~ufficierit':if the temperature • 

., ,·... ... , .... ~ .. - ~.(i~. , .• · ... - :. : .• ·· ,·;_ .. ; -~;--·!· .'..l~t-~ ·:.,::_.t ... :: ~ ...• · -~~ ... , ... , 
• '.t .;~ • ' . • ~ • • . ~ ~' ' ' 

.. ' .•. · -~> increment 'is chosen so".}:ow :that' .. the function is practically ~linear, and:, .. 
. : .. · ... .... -·-. _.-:.:--; ~~ .-~~. . ,:.. . . ...~>·.~~-~ ·.-.. ~ .. ·r ) f/ . -

''·at. the 'same time so .high' that the' di~i'sio~ by' th~ incr~m~~t :doe's n~~: :-/ ··.' 
.. i· . '·' 

· .lead to an intolerable loss of the·. humber of significant, figures •. · This 

··~· · ., . condition c·an be. easily 'checked by means· of .the prograni~ · The b1l_ilt-in 
... ~: ' - ' t' ' 

' ;. ~- ~ . . . . 1 :' . ... . ' . 
· · ... ·standard. 'increment of 0.1 will probably always be satisfactory· for °K · · ''· 

!' .... 

. or 0 R. · The option· provided for other increments should be u.~ed · if'.;··~ . ;, 
··-.;, 'I 

.. · ~ 

. \reduced temperatures are introduced. 
i 

. t 
·,. 

The . solution. of the . original equation of Redlich and Kwong· leads ·· 
._ '. 

' : : sometimes to unsuitable r'es~l ts J i.e. J instable states' or nega~i ve values •. 
' ·,~. 

These res:ults are aU:tomat'ically dis~egai-ded;. .. The program does not allow 
. t . • ' 

'computations for negative pressure (tens~on) :,·, ·, ·<.:: 

"If. the .. ~ortiputation!for. a pure su~~tance --,~~ad~: ~~~-.{~~~1~~ for: two 
' .. • . ' .. f • 

:.phases, the comparison of ;the. fugacity. ~oefficfents:~:t~~i~a~es: which i~ . ' 

·. stabl~ and .;.,hich is·. metast'able.: . ~~:really simpl~ an'swer 
5~a~~be, given:'. ' ··,; 

· .. 

•• ... ~ 

,_;·,_ . 
i. .• ~- ' - . ~ 

,_ 

• • . . •' ·. ~... ·.' . .: f·' ••. 

But:·ci_special:prog;~i:s \mder' ··: .. ··: regarding the _stability bf.· mixed phases. 
· .. \ : \. ·.,. .:· • • - t. •• • • . ·.'. . ~ ... f :.~ .. . 

consideration that would furnis~: _the': compositions. ahd properties. of.· · '. 1 
.· · 

!, .~' .. 

' . 
.' -,, -· 

i-••• . •<1 

) ' • ' .... ' '... . • ... . • ~ t • 

' ; .· -. 

phases· in equi~_ib~ium.a.t. a given.'t~peratur~· and.: pressure •.. ;>f·· ;.· 
' • •• • • ' • ~ • • •• -. .1' ! ' 

.. :: • • ... ;. ·~ -. : ~p~ ' . ~ ._ .. ,~ .• ~. ; ..... 

. ··.'·''. 

. ' · .• ,ji 

- )_,!'<->: (•, 

Correctness and Accuracy,· 
·. 

;,, 

\, '. ...,_ .( 

·It is .a .:disc;n:certi~g· ·shortcoming of a compl.icated' compu~e~ ~~ro~~~ ., 
. . . . ' . ·.. ' . : ; ' ~~ • ..... -· ' ' / _.-~-~ '' . . ~ .. · .. · ·~ • ;,: ·- ·~ ·: 't , ·~ ."•"< •. • ' • _r r. '~ • • ; • • 

that the'·user can _hardly ·check it· comple-:f;ely. · To some exten~; he has to.: :: ·. 
' ' ~. • • : :_.· .... -, '- . .f. • • . 

acc~pt. it on goo~ f~i t~ .. ' Still h~. can check 'quf te. sy.ste~ati~~lly. i ~~ . ' • ·· ···. · 
• • 't ,' J • ' ''i r '.-'l,;.,. 0 •" • .• ,#, • ~ ••"' 

.correctness with littie effor~ by suitable· use of the program: i~self.~.. .•' · 

,We have exerted. considerable care in developing and 'extensively per-

forming the following cpecks •. 
. ' . . "\ . : ~ ' 

; ' 

.. 
'· 

.· .. 

• ' J ' . 

-~·.' .: 

• 

' ... _, 
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1. The goodness of fit is of course checked bydirect_com:parison 

with experimental data. For this purpose the program accepts P-V-T 
. . . 

data of any conceivable kind expressed in any dimension and converts 

them to compressibility factors z. A few of the results are discussed 

in the following section. 

2. The computation of (mean) fugacity coefficients has been checked 

···· by the computation of isothermal sets of Z and numerical integration. 

·,The procedure is sensitive enough if carried out with proper care. 

3.. The correctness of the differentiation with respect to T is .. 

checked by printing intermediate quantities with the aid of diagnostic 

instructions, and by comparing results fo! entropy and enthalpy with 

.fugacity coefficients computed for a closely spa~ed set of temperatures. 

The second procedure is sufficient. 

4. A necessary and sufficient check of the computatiop of the 

individual fugacity coefficient ¢1 and ¢2 of a binary mixture is given 

by.their relations with the mean fugacity coefficient¢ and the mole 

fractions y
1 

and y
2 

log ¢ = y 1 Jog ¢1 + :Y-2 iog ¢2 1 .. ( 9) 
,, 

. (10) 

. .. 
. These checks have been found to be quite efficient in di~closing 

program errors. Tl:iey are believed to be practically suffic.ient. 

·' ., 
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. ~. ~~·~_:, .·.+··. _·, _, ..• 1_·_.:_):_~ .. :.._ .. ; .... 
1
,. . . -, . · .Results .. ·.:;.,<: · · ., · ... ~• · .. ·.-_._;_::- ;,_ 

• •• ~-. 1 • • •• :· .... ~ . - . _·.; -.~.z.~. :·. -.~~ ., . t-· 
o:_ : ,• J. J ' . •: • :/.' ~.·:~~-·~.. ':'-~.,. .. 'I : .; ' 

·<,. \ '\ I -~ ' ~~~ • ':, . :.· '.f;l, i.,, ·,." ~ ' ~- <i·, ·.... .:;.~~. ' ·• • ~ ... - ,· ~- .I, .. ,~.. . •, "•·"i ;:_ ~ t 

,· .. / .. ' ' ' .. :.:·;~~J~~~-.;·:·.. . .'• ' .• ,,.~:.:-,:;·.·' ,. +···;-·;:~-.. ·<':~ . ,,·:·,\-.·· 
The ·vapor pressure (Compar~~ons ~n Table 1 ar~: given for' p):>actic.aliy> ...... 

····~> _·::-...,,/:·;· •.'· . • ··~. '-.~,; ,..,· :;··,·.~-.; :i -.~_.".·,,_~ .-~ :_.' .>~\ . . ·'·I .t.·' 

.. > · ·the. wpole range of .. the>.acentric factor w. The, comparisons -~f z<in·Fig._· i· ._;: ';· ~- ·:, . 
. ' ' . . •' . ' ~ "<' : " . ! ..,. . - . ... • < ~ ' ,' .:. • ' .. ' 

. . • . . . . • .. ' -~. . : !' ~ . • ~- . ~ ". 

<to· 4 ·and the data in· Table 2 are presented for ·substances-.with; high' .yalu~s · · .. ' .... -·~-· ... ·' . -~.. ~:·; .. -~-· . . :·~ 

. ... . 

• . •. ·; • . . .. '.'1 

'· '. . . ::of :w since good ·agreement with experiment~l data has n~verb!~e.:n: _a. que_stio~ 
'. 

' ' 

,. ' 

for low W.. For- mixtures, -examples- :of components' rlth i'a.ige· dffferences ; · 
. ' .. . . ·'. ",;.·· . -.' .... 

,' 

.... in w were selected. b'ecause their representation i's in -general .more' 
. , .. ~ . : .· . 

·l • . . ·~ "*."~ 

difficult~ . ,. ' 

..... ··, .· . . -~- ·.,· 
A satisfactory representation of the lower hydrocarbons'· ca~. be tak~n 

• ~ . :1 :. • .· -
)' 

.. for granted; but even for n-nonane (Fig • .' 1) the ·deviations _:are :~pp~eciable 
. · ... :. . . 

only for a very lowreduced temperature or for'very high reducedpressures~ 

Even for a strongly polar· substance such as a.rnm'onia. (Fig. 2) ~h~ discrepan­

cies are large only for low temperatures. · The remaining. deviations for 

sulfur dioxide (Fig~ 3) are below 0•03 in Z. 'Although the shape of the_ . . ' ... 
,:!, .-.. '"·'' 

deviation GUrve ·for the critical is~ther~ .looks- ·strange, the curve for. .· 

Z itself (Fig. 4) appears t<) be quite reaso'nable •. · : I·, 
. t .. -'. 

It ·is especially tl!e combination of< the par~et~rs that i;is' .being .. 

tested in Fig. 4 tq 8 .t?-~d Tables 3 and:~:.· The~phas~ .~equ:ili?~ia .in ·these 
.···, . 

' ,, .... , 

~. . i 
_,I. 

<" I o : ; .(/•< ~1 • !' 0 

tables represent, a particula~ly severe te~ft since. at. th~::.·same'' time the .. 

·values . of z. and t~~ ·fugacity coeffici~nts. o-f both comp~n~nt~ :are tested 
.l~ ·. " ' . 

. . ··--. 

. · for both phases. • . · 
', . ' •.. ; -~· ·, ( '.: "t -'; • • • 

These tests will furnish a general inipression .. of tJ:le' de~ee 'of .. 
.. . ' ; : . ' ·: ~. . ' ~ . . . . ·: ~.' .. 

~· . . . . .·~ ·~-·· . 

.• . . accuracy to be expected in applications •. · Hydrogen,,,heli~.and water are 
. • .'. . : . - I' ' :;_. ~ ·f.; :: . ~~ •. t ~ • • 

' 'riot satisfactorily represent-ed. 

·:.. 

' ' :· ~~.. ... ·, .... 
- ...... .. . .. '. 

. . ,' • . .. • -...... ~ t •. 

·Tables 3 and 4 show· that the critical locus of miXtures )s not well 
. . ' .. T." ' · .. 

descri~ed by the progr~ •. :A' systemat~c .study of ·,critical· :P~i-nt~, criti~al 
'(''. 

, • l· ' ' •. ~-- ~ ! .. ' i! 
I 

·! 
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condensation points, and. vapor pressures of mixtures may well be a useful 

·step in the future development of an equation of state. 

.. 1964. 

The program has been submitted to SHARE as ES 64; ~quation of State 

* 

This work ~as done under the auspices of the U.S. Atomic Energy 

Cqmmission. The. authors express their appreciation of the advice: extended 
. . I 

' ( 

to them in a part o .. f their computational work by members of· the Computa- · · 

tion Center of the University of California in Berkeley . 

. -·· 

~' . . 1 . 

; .~ , ' 

* ·Until.the program is available.from 'sHARE the .senior author will 

be glad to send a copy on request~ 

·,. 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com­
m1ss1on, 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. 




