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SUMMARY 

The basic expressions for the determination of complex association constants 
from gas chromatographic data in terms of the activities of the reactants are derived. l 

The advantage of using a reference compound in obtaining association constants 
is shown. 

INTRODUCTION 

Gas-liquid chromatography (GLC) is developing into a tcchniquc to be used 
in the investigation of intermolecular interactions in solution. 

One of the topics that are ‘currently being investigated is the formation of 
molecular complexes as a result of hydrogen bonding, charge transfer interaction, ‘etc. 

However, the equilibria involved are often formulated in terms af ..co.ncen,tr,a- 
tions rather than in terms of activities r-7, 

m ,$ ,,,o ‘,,~,~,,.,111,4’1’~,I,r,*,,~‘~,*i~~~,~,.’,.*hV,~,II ,,,,,,, x,,.~r.;,.r,,;l,,,r,,~,,,,~,,~.:,.~~.,~~,r,,,,l!,.,r,..,“r 
In other cases, the reference state to which 

activity coefficients are related has been chosen inappropriately, so that association 
constants of a series of volatile compounds A with the same (involatile) compound B 
cannot be compared R, Other workers choose different reference states in the course 
of their derivations and tise concentrations for some of the reactants and activities 
for othersO~rO. 

We therefore thought it worthwhile to present a formulation of these equilibria 
in terms of activities, which is both simple and rigorous, The use of a reference com- 
pound in obtaining association constants is also described. 

TWEORY 

We can consider the formation of a complex AR from a volatile compound A. 
and an involatile compound 13. Generally, a mixture of the latter and an inert com- 
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244 C. L. DE LIGNY 

pound S is used as the stationary phase. The association equilibrium is governed by 
the equation : 

where x is the mole fraction and f is the activity coefficient. It is obvious that the 
acti.vity coefficients can be related to either of two reference states: 

(I) the hypothetical ideal solution in the solvent S; 
(2) the hypothetical ideal solution in the solvent B. 

Conve?n!ion I 

Under GLC conditions, %A is usually very small, hence its activity coefficient 
in the solvent S is unity. 

Therefore, when a stationary phase consisting of S and oue consisting of S -I_ I3 
are in equilibrium with a vapour phase containing A, it follows that: 

- XA(S) = XA(S+B) fA(S+B) (2) 

Further, it can be shown that the mid-peak retention volume, V, at the mean 
column pressure and column temperature, corrected for the gas hold-up in the 
apparatus, is given by : 

V E&St Nstxst = = 
CMob CMob 

(3) 

where : 

vst = volume of the stationary phase in the column (cm”) ; 

Cst = solute concentration in the stationary phase (mole •~rn-~) ; 

CMob = solute concentration in the mobile phase (mole l cn1-3) ; 
Nst --: moles of stationary phase in the column ; 

Xst = solute mole fraction in the stationary phase. 

The ‘application of eqn. 3 to a stationary phase consisting of S and one consisting 
of S + B gives, respectively: 

VA(S) = 
N(s)XA(S) 

CA(M) 
and: 

vA(S+B) = 
N(S+B) (XA + XAB) (S+B) 

CA(M) 

(4) 

(5) 

In eqns. 4 and 5, XA, XAB and CA do not have specified values: they range from 
zero to a maximum mid-peak value. However, the ratios XA(S)/CA(M) and 
(#A -l- XAB)(s+B)/CA(M) are independent of CA when the latter is small. Therefore, 
the value of CA may be chosen arbitrarily and, in particular, the values of GA in 
eqns. 4’and 5 may be chosen to be equal. 

‘Combination of eqns. 2, 4 and 5 gives: 
. 
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VA(s+l3) -- = h+B) , (%A -k %tB)(S+B) 

VA(S) NW xA(S) 

N 
= (s+.B) , 

NW, ( 
%A + XAB 

XAfA ) (S+B) 

N (W-B) = 
N(s) l j’~iz+n, ’ * + lizB ( l $t);s,,, 

(6) 

For a compound A* that is closely related to A but does not yield a com- 
plex with B, it holds analogously that: 

-%+I3 = ~mtm . 1 %+I3 

VA*(S) , NW, ~A*(s+B) m N(s) ’ ~A,,‘+B, ’ 
(7) 

Combination of eqns. 6 and 7 yields: ’ 

vAW+B> c”A*(S, .- 

VA(S) vA*(S+B) 
= (-$$)(s+Bj ’ (E)(s) = 1 f +e)(9+BJ (8) 

or: 

[(&s+uJ ’ @;),,, mi xl’x, = K ($$&+,, 
(84 

From eqn. 8a, I< can be found by determining the lefthand side for a series 
of mixtures of S and B and extrapolating to %B -5: 0.. 

It follows from eqn. 8, compared with eqn. 6, that the use of the reference 
compound A* has three advantages: 

(I) Instead of absolute retention volumes, only relative retention volumes have 
to be determined, This means that no knowledge of inlet and outlet pressures, gas 
velocity and recorder chart speed is required. 

(2) The amount of stationary phase in the columns need not be known. 
(3) The factor fn(s+u), to which the right-hand ‘side of eqn. 6 is proportional, .-. 

is eliminated to a good approximation. 
It is advantageous to choose the reference solvent S to be as similar to B 

possible*. In that Case, fA* m fA es I in eqn. 7 and the concentration dependence 
fAfB/fAB w I in eqn. 8a iS SInid. 

as 
of 

Comwalion 2 

Analogous to eqn, 2, it now holds that: 

%A@) fA(S) = XA(S+B) fA(S+B) 

Combination of eqns. 4, 5 and g gives: 

(9) 

vA(S+B) = N(S+B) , 

VA(S) Ntw 
= N(S+B) , 

N(S) 

= hW’% . 
N(S) 

(%A -t- ~AB)(S+B) 

xA(S) 

fm %A + XAB 

hUS+B) %A (S+B) 

fAV.3) 
fA(FJ+B) 

1 (10) 

l E.g., when studying the hydrogen-bonding of alcohols when B is r-chlorohcxadccane, 
the idcal rcfcrcncc solvent S is hoxadecane or hoptadccnnc. 
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For the reference compound A*, it holds that: 

&*(s+n) = N(S+W f&P(S) ~(8.+13) , fA(W 
T/A”(S) N(s) 'fA*(S+B) w %s) hhB) (11) 

Combination of eqns. IO and II gives, once again, eqns. 8 and Ba. K can now 
be found from eqn. 8a by determining the left-hand side for a series of mixtures of 
S and B and extrapolating to %B = I. 

Again, it is advantageous to choose S to be as similar to B as possible. 
When this convention for the activity coefficients is chosen, the association 

constant can be found from measurements on the stationary phases I3 and S only. 
In the solvent 13, fn, fAR, fB and XB are unity because under GLC conditions .v~ and 
XAB are usually very small. Therefore, equ. 8 simplifies to: 

(gg,, l ($)(s) = I + rc (14 

In some cases it may be impossible to use pure B as a solvent, e.g., when 13 is 
solid at the chosen temperature. A well known example of this situation is the forma- 
tion of a complex between olefins and a solution of silver nitrate in ethylene glycol. 
In these cases the mixture of B and S can be formally, considered as a single-compo- 
nent, complex-forming solvent R’. 

Further, it may be advantageous to use as the reference solvent a mixture of 
an inert compound C and S (in the above example, a solution of lithium nitrate or 
sodium nitrate in ethylene glycol) , The mixture of C and S can be formally considered 
as a single-component, inert solvent S’. 

Activity coefficients can then be related to hypothetical ideal solutions in the 
solvent S’, or to hypothetical ideal solutions in the solvent B’. 

Eqns. x-12 still hold, with one minor exception : in eqn. 8 %B is not unity and 
therefore eqn. 12 becomes: 

Comj5arison of conventions I and 2 

= 1 + I-x-jj (13) 

The activity coefficients resulting from conventions I and 2 are completely, 
analogous to the activity coefficient f = f”*f Q, which is generally used in the charac- 
terization of electrolyte solutions. f” describes the “primary medium effect” and f * 
the “salt effect”. 

The usefulness of this approach in the study of association constants by means 
of gas chromatography appears from the example of the formation of a complex 
between olefins and silver nitrate solutions in ethylene glycol. 

The use of convention 2 (combined with eqn. 12) reduces the amount of experi- 
mental work required, as measurements on mixed stationary phases are not necessary. 

However, convention 2 has the’disadvantage that results obtained for a series 
,of compounds B are difficult to compare, in view of the series of different reference 
states involved. 

” ” . I 
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A further disadvantage is as follows: 
when convention I is used, a factor: 

fA* (S+B) _e- 
fA (SO) 

is neglected in eqn. 8 (see eqns. 6 and 7). In the extrapolation 
approaches to : 

to XIX = o, this factor 

fA* (S) 
‘----~I 

fnw ’ 
as activity coefficients in the solvent S are unity, according to’ convention I. 

When convention 2 is used, a factor: 

fA* (S-1-13) h(S) L-e -.--- 

.fA* 63) .f-A (S+B) 

is neglected in eqn. 8 (see eqns. IO and II). In the extrapolation to XB = I, this factor 
approaches to : . 

b*(B) h(S) b(S) 
fA* (S) 

.-- G -- 

f’n (B) fA* (S) ’ 

as activity coefficients in the solvent I3 are unity, according to convention 2. So, this 
factor is only approximately equal to I if A and A* are very closely related. If this is 
not so, a correction should be attempted*. 
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