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Rudtiski and co-workersi-2 discussed the possibility of evaluating the second 
and third gas-solid virial coefEcients from gas chromatographic data, and also derived 
zhe fotiowing relationship between retention volume, yV, and average density in the 
free =s phase, 9: 

V, = 4.5 -!- B3.sc 

where B,,, are the gs-solid virial coeEicients. 
The aim of this paper is to derive an analytical expression for retention volume 

in gas-solid chromato_araphy. It is known that the retention vo!ume, V.V, bears the 
following simple relationship to the adsorption isotherm’“: 

where N is the number of the adsorbed mofecufes and % is the James-Martin com- 
pressibiIity factor. 

Let us cdnsider an assembly of mutually interacting molecules trapped in a 
tied volume, V, bounded by 2 non-porous solid surf2cz which exerts an adsorptive 
field of force 02 the gas. The logarithm of overall partition fpaction for this system 
can be expanded into powers of the activity, cc: 

where 

wher&,o, = exp [---r(r#kTJ and ,sfrj = exp [---u(ri,rj)/HJ - 1. The term v(rL) is the 
adsorptive pot&al ener_q of a gas molecule at ri and u(rl,r-J is the mutual potentiai 



energy b!t .tsvo inoferufes at ri- and rp Further, we have assumed that ~(r~,r~) = 
u(fri -~ J-&. fn ecp 4,- the subscript (c) means that, to each partkrdar producttf;jc) 
there corresponds a connected graph of i vertices. It can be shown relatively easily2*5 
that 

where the &s are the irreducible Mayer integral and W, are defined in the same to- 
poiogical way as the superficial cluster integrals introduced by BeJ.!emansc*5: 

W, = (the sum of the contributions of ah connected graphs of m distinct 
square vertices such that the basic part of these graphs consists of white 
squares and their terminal subparts of black squares) 

and the contribution from a given graph of m distinct squares has been calculated as 
follows : 

(a) to each white square associate a factor gi ; 
(b) to a terminai sub-part of i! black squares associate a factor &g, - 1; 

(c) to each fine joining two squares associate a factor&; 
(d) integrate over V. 

For example : 

I!W, = J(gl - l)dr, = P 
Y 

2!W, = jg, (g2 - I)_& dr,dr, = 0-m (6) 

3!% = is, (3(g, - 1)(g3 - 1)_&& -i (gzg3 - l).&fisfi3) drrdr,drJ = 

3s+-•1--rz-+- ./= -----sa 
From eqns. 3 and 5 we obtain 

(7) 

and, according to eqn. 2 

Eqn. 8 is the ciuster expansion for retention volume in gas-solid chromatography. 
The cluster integral, W,, is in fact the second gas-solid virial coefficient6. 

Finally, it should be noted that eqn. 8 was derived with superficial efkcts being 
neg!ected4 (Le., effects of surface tension on N); the Iast assumption is very often 
made6q7. 
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