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Both the Ideal ..idsorbed Solution (LAS) theory originally pro- 
posed b!; Cil,l)s (1906) and adapted by Myers and Prausnitz 
(1965) for gas-phase adsorption and by Radke and Prausnitz 
(1972) for solution-phase adsorption, and the Potential theory 
(P) of Polanyi adapted to both gas- and liquid-phase adsorption 
hy Manes and coworkers (1980) have been thought of as separate 
theories. In fact, both theories have not only been characterized 
differently, but are thought to have different limitations. 

For liquid-phase adsorption the IAS model fits the data well 
for weakly adsorbing solute species (Radke and Prausnitz, 1972). 
For strongly adsorbing binary systems, however, the model-fit 
is poorer. For competitive adsorption of more than two compo- 
nents hecausr of its mathematical complexity, the IAS Model 
has been mtdificd to a much simpler calculation by DiGiano et  
al. (1978). Deviation from the theory is also observed when 
dissociation of the organic molecules occurs during multi- 
component adsorption (Myers and Zolandz, 1980). 

The wide scope. applicability and simplicity of the P-mtdel 
has recently 1)ec.n reviewed by Manes (1980). A s  Manes and 
coworkers describe it, this model hy-pothesizes the existence of 
an adsorbed t h r e e  dimensional  phase instead of a two- 
dimensional surface proposed by the 1.4s theory. Gihbs in 1906 
originally rccognized t h e  difficulty in defining the  ther-  
modynamic properties of the adsorbed layer and proposed the 
imaginar! mathrmatical “surfice phase” with alxtract ther- 
mod) namic e ~ c e s s  properties and characterized by spreading 
pressure T and molar surface area d ( A J n )  a s  the  respective 
intcnsivc and extensive variables. See Van Ness for an excellent. 
lucid acconnt of this ideal-adsorption approach for gas-phase 
adsorption (Ym Sess ,  1969). Thr, Gil)l)s adsorption isotherm is 
derived from th r  Gibbs-Duhem equation and the fundamental 
proptxrty rc4ation for the t \vodimensiond surface phase: 

- d d r  + X( i idp i )  = 0 (const T )  (1) 

.Assuming that equilibrium holds Iwt\veen any species in the 
hulk and surfa~t.-adsorl,ed phase, i .e. .  

PI = P1: (2) 

and for any c,haiigr of chrmical potential 

dp, = dp‘; 

and 

dp’: = RT d I n  5 (const 7’) (4 
whrrc. thc fugacityf, could be  represented Iiy y,Pfor an ideal-gas 
phase and b y  activity a, (Raoult’s Law-) for an ideal-liquid phase. 
Sul,st i tutin~ I < ( ! ,  4 into Eq. 3 and then into Eq. 1, 

-ddr + RT Z(i, d  PI fi) = 0 (const T )  (3 
For a ainglc-component system Eq. 5 can he integrated from r 
to rTT, ;IS thtl r i~uilihrium fugacity 5 varies from Iielo~. saturation 
of the liquid of spclcies i to saturation J .?  and realizing x, = 1, 

(6) 

where AT = 7rq - r, with Eq. 6 having energy units (J mol-I). 
Equation 6 is similar in form to the Manes representation of the 
Polanyi adsorption criterion (Manes, 1980), i .e. .  

.%!AT = RT In  f,.</f, (const T )  
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E 3 RT I n  fi..s/f, (const T )  (7) 
where E is the “adsorption potential” of any molecule within the 
attractive force field of the solid (which is the sum of the attrac- 
tive forces of all the contributing atoms of the solid) independent 
of the presence or absence or other molecules around it and 
represents the Lvork required to remove a moleciilc to infinity 
from its location in the adsorption space. (i\lso see McBain, 
1932.) 

Combining Eq .  6 with the representation in Eq. 7 ,  we get the 
link between the IAS-theory and the P-theory, i.c*., 

(81 E 2 &AT = - ~ A u  

This relation simply equates the “adsorption potential” with the 
work needed to change the spreading pressure from T to r, or 
the interfacial tension from u to F , ~  (where T ,  - T = u - u,~)  at 
constant molar area, d. 

The main result of this note is that although lwth Eqs. 6 and 7 
derive from completel) different physical models. they are 
mathematically equivalent when expressed through the simple 
relation in Eq. 8. In fact, it is tempting to suggest nonunique- 
ness, i .e.  that the ideal adsorption theory of C;il)bs and the 
potential adsorption theory of Polan)-i are one and the same 
theor).. Thrir  limitations should then. of course. be similar. 

Finally, given the above result, is was proha1)ly not fortuitous, 
that, after s e w r e  criticism of the suggested thrce-dimensional 
adsorbed phase. Polanyi in 1928 explicitlj- modified his com- 
pressed film theory by making the film two-ditnensional (hlc- 
Bain, 1932). Giblx would prohalily not have l)cen surprised. 

NOTATIONS 

(1 ! = activity of component i 
= molar surface area of sorbent, cm2 niol-’ 
= surface area of sorbent, cm2 
= fugacity of componeiit i. Pa 
= saturation fugacity of component i. Pa 
= number of moles adsorhed, mol 

= gas constant, J . O K - ’  . mol-’ 

= mole fraction of component i in adsorhate 
= mole fraction of component i in gas  phase 

.d 

5 . s  
i‘. 
n 
P = total pressure, Pa 
3 
T = temprrature,  “K 
x , 
! I t  

Greek Letters 

E = adsorption potential, J . mol-’ 
PI 

P’; 

= chemical potential of component i iri the sorbed 

= chemical potential of component i in t h r  hulk phase, 
phase J . niol-’ 

J . mol-’ 

LITERATURE CITED 

DiGiano. F. .A. G. Baldad, B. Frick, and H.  Sontheirnel-. “ 4  Simplified 
Competitive Equi1il)rium .idsorption M.ltdel,” Chon.  E ~ i g .  Sci.,  33, 
1667 (1978). 

G i h h ,  J .  \V,. Scientifi Papers,  1 ,  219. tangman and Ci-een and Co., 
S v n  York (1906). 

Manes. X l . ,  “The Polanyi Adsorption Potcntid Theor! and its Applica- 
tions to .4dsorption from \Vatrr Solution onto k t iva ted  Carl)on,” 
I .  H .  Siiffet and M. J.  McGuirr, eds. ActiccrteriCnr1,onAdsorptionof 

AlChE Journal (Vol. 27, No. 6) November, 1981 Page 1021 



Organics from the Aqueous Phase, 1, Ann Arbor Science Publishers, 
Inc., Ann Arbor. MI (1980). 

McBain, J. %V., The Sorption of Goses und Vupors, by S ~ l i h . ,  447, 
George Routledge and Sono, I,td., London (1932). 

Myers. 4. L., and J .  h.1. Prausnitz, “Thrrmtdynamic\ of Mixd(:as 
Adsorption,”AIChE]., 11, 121 (1963). 

Myers, A. L. and R. Zolandz, “Effect of pH upon 4lulticompon~iIt 
Adsorption from Dilute Aqueous Solution, I. H.  SufTet and bl. J .  
McCuire, e d s . ,  Actioated Carbon Adsorption of Organics from the, 

Aqueous Phase, 1, .4nn Arbor Science Publishers, Inc., Ann .4rbor, 
M I  (1980). 

Hadke. C. 1.. inid J ,  M .  Prausnitz, “Thermodynamics of Multi-Solute 
Adsorption from Dilutt Liquid Solrttions.”AIChEJ., 18, 761 (1972). 

Yan Sess, H .  C . ,  “-ldsorption of Gases on Solids;, Review of the Role of 
Tl~rrn~odyiiamics.” Z d .  Etigr. F u d m  , 8, 464 (1969). 

Murnrscnpt r ~ c e t ~ e d  j u n e  19, 1980, rrrisrori received August 8, undoccepted August 
1 4 ,  1980. 

On the Temperature Dependence of ASOG Parameters 
for W E  Calculations 

K. TOCHlGl 

and 

B. C.-Y. LU 
Department of Chemical Engineering 

University of Ottawa 
Ottawa, Ontario, Canada 

K. OCHl 

and 
K. KOJIMA 

Department of Industrial Chemistry 
Nihon University 

Tokyo, Japan 

A siniple and efficient method for generating vapor-liquid 
equilibrium (VLE) values for mixtures where data are lacking is 
always in demand because \’LE data are essential in distillation 
design calculations. One  of the frequently used methods is thy 
analytical-solution-of-groiips (‘4SOG) method. .411 molecules 
are considered t o  he consisting of a nuinher of functional 
groups. The nonideal behavior of a component in a mixture, 
expressed in terms of activity coefficient, is duct to the differ- 
ences in molecular sizc (configurational contribution) and in 
intermolecular forces originating from the different functional 
groups (group-interaction contribution). Therefore, the ASOG 
method involves the reduction of activity coefficients, obtained 
from experimentally determined \‘LE values. into a number of 
binary group interaction parameters. Successful application of 
these parameters in the prediction of VLE values at  various 
isobaric/isothermal conditions requires that their teinperaturc 
dependence be properly represented. Othenvisc. poor results 
are obtained. 

The logarithm of the. activit! coefficient of component i in a 
mixture is exprcwed b y  the sum of Inyf, thc size contribution 
which d rpends  on the  number of size groups in the molecules of 
the mixture, and Inyf,  the contribution d u e  to the interaction of 
the functional groups of the molecule with those in the mixtiire. 
Furthermore.  the size term is treated hy means of the Flor>,- 
H uggi n s t he  o r  y for at  h e r  111 a1 i n  ix tu r e s o f ii n eqnal  - sized 
molecules. Hence 

(1) Iny, = Iny;” + Illy:: 

and 

1 1 1  Eq. 2. u ,  and I, refer to the number of non-hydrogcm atoms in 
molecule j and the liquid molr  fraction of componentj ,  respec- 
tively. The summation. 2.. extends over all components, includ- 

ing componc-tit i .  I n  addition 
, 

where uk, is the total iintnher of non-liydrogen atoms in all the 
fnnctional groups of kind k in a moltvule of component i. and rk 
and I.0 arc> the activity coefficients of the group k in the mixture 
and in the standard state (pure component i). respectivel!-. The 
snmmation. X. cxtends over i l l  functional groups of the mix- 

tnre. The quantity, rk.  is given by the \Vilson equation 

where ulil and u/k  are the group-interaction parameters, c.harat- 
tvristic of the groups k and I ,  bnt  u / ( ~  # all.. The summations. 2 
and I;. exteiid over all the functional gronps. The group fraction 

Thc paramcters uk, and uIk arc obtained from VLE values and 

Derr and Deal (1969) plotted the logarithm of the parameters 

dependence and siiggested that although these parameters 
“tend to vary qnite regularl? with temperature it is hazardous to 
extrapolate them over large temperature ranges.” To illustrate 

V, V! + In - ( 2 )  are temperature dependent .  Illy;” = 1 - - 

, 1 uk/  and vtrsus temperature to indicate their temperature 
CuiXi & X i  
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