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The trapping of organic admixtures from gaseous mixtures on solid sorbents is 
mostly carried out by the method of conservation trapping’. Equilibration trapping 
was introduced’ as an alternative and both methods were discussed in detail in earlier 
papers334. The wide use of the conservation method results from its relative simplicity 
and the possibility of easy experimental estimation of the safe sampling volumes. 

The role played in both methods of interference (or displacement) effects arising 
from the competitive sorption of solutes on the sorbent surface was described in ref. 5. 
In the equilibration mode, the values of the resulting solute partition coefficients are 
necessary for the calculation of the solute concentrations in the mixture analyzed. The 
problems connected with the calculation or reasonable estimation of the relative 
changes in the partition coefficients at equilibrium and those in the absence of the 
interferents are probably the main reason for the rare use of the equilibration method. 

Previously6, the extent of the displacement effect on the benzene partition 
coefficient was investigated for three interferents, n-pentane, o-xylene and n-butanol. 

The sorbent-phase concentrations of the interferents that bring about the same 
change in the partition coefficient of benzene do not differ much from each other. With 
benzene alone, the same decrease in its partition coefficient is achieved also at 
practically the same sorbent-phase concentration. 

Under these circumstances, it is possible to assess the change in the solute 
partition coefficient from the known overall concentrations of the interferents in the 
sorbent, which is very important in view of the equilibration mode of trapping. 

We suggested the following procedure: the known overall sorbent-phase 
concentration, easily determined from an analysis of the contents of the enrichment 
tube, is taken as the concentration of the model solute, for which the sorption isotherm 
equation is known. The change in the value of its partition coefficient relative to that at 
infinite dilution is calculated. The same relative changes are then supposed for the 
partition coefficients of solutes in the mixture analyzed. 

The aim of this work is to find the form of the sorption isotherm equation, 
describing the sorption of non-polar and slightly polar compounds on Tenax. We 
chose benzene as a typically non-polar model compound and a set of its partition 
coefficients were measured over a wide range of concentrations and at four 
temperatures. An attempt was made to fmd the isotherm equation correlating the data 
obtained, which can be used in the equilibration method in the way mentioned above. 
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THEORETICAL 

If the solute partition coefficient is defined as 

where c, is the solute concentration in the sorbent phase in mol/g and cg the 
corresponding concentration in the gaseous phase in mol/ml, the relationship between 
the specific retention volume of the solute, VP, and its partition coefficient is given by 

273.15 
V”=K-T 

where T is the absolute temperature. 
The specific retention volume, unlike the partition coefficient, is a quantity the 

value of which does not reflect the dependence of the volumes of the sorbent and the 
mobile phase on temperature. 

The change in the standard Gibbs function of sorption, AG:, is related to the 
specific retention volume, VB, by 

AG,O = -2.3 RT log (k’V,) (3) 

where k” is a constant dependent on the choice of the standard states’ and R and Tare 
the universal gas constant and the absolute temperature of the chromatographic 
column at the measurement of V,, respectively. As AGY = AZ$’ - TAS$‘, where A@ 
and A$’ are the changes in the standard enthalpy and entropy of sorption, eqn. 3 can 
be rewritten as 

A@ A$’ 
log VB = - -.-_L + 2 - log k” 

2.3 RT 2.3 R 

or 

log VB = A + 

where A = (Agl2.3 

BIT (5) 

R) - logk’ and B = - Ael2.3 R. Within certain temperature 
limits the quantities A and B are virtually constant. 

Eqns. 2-5 apply exactly to infinite dilution (cS -+ O,c, + 0) and the relationship 
between the solute concentrations is given by Henry’s law 

c, = I& (f-5) 

where K. is the solute partition coefficient. The interval of the solute concentrations in 
which eqn. 6 is valid defines the linear part of the sorption isotherm. Outside it the 
course of the sorption isotherm is generally non-linear and the values of the quantities 
K, A and B depend on the sorbent-phase concentration, c,. The use of eqns. 2-5 is 
restricted to a constant value of c,. 
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Since c, and cg are interconnected through K, the dependence of the partition 
coefficient on c, is easily transformed to a dependence of cg and vice vrrsa. If the 
isotherm equation describing the relationship between c, and cg is available, the 
determination of the temperature dependence of its adjustable parameters will lead to 
the equation from which the partition coefficient can be determined at any 
temperature and any solute concentration (c, or cp). With the use of eqns. 2-5, the 
concentration dependence of the standard thermodynamic functions for the sorption 
process can be determined. 

EXPERIMENTAL 

The method of preparation of the model mixture, the measurements and 
calculation of the partition coefftcients as well as the chemicals used were described 
earlier3**. The partition coefftcients of benzene were determined as a function of its 
concentration at four temperatures: 19.9, 27.1, 35.0 and 41.7% The interval of 
gas-phase concentrations was 6.8 . lo-“-7.0 . lo-’ mol/ml. 

RESULTS AND DISCUSSION 

The Langmuir isotherm was successfully used for the description of benzene 
sorption on different sorbents3 as follows. 

Let the fraction of the active sites occupied by sorbed molecules of the solute be 
defined as CL = c,/c: where c, and CT are the actual solute concentration in the sorbent 
and the concentration at which all available sites are occupied, respectively. 

The significance of CI is analogous to that of the parameter 8 in Langmuir’s 
model. The rates of desorption and sorption are defined as rd = k@ and rs = 
K,(l - a)~,, respectively, where kd and k, are the respective rate constants. At 
equilibrium, rd = rs and we can write 

c, = k,c:c,/(l + kec,) (7) 

where k, = k,/kd. Thus: 

c 
“=K= kc: 
% 1 + k,cg 

Eqn. 8 can be rearranged as 

1 k,c; k -=_-- 
Cg c, e 

which is a linearized form of the Langmuir isotherm. 
The solute partition coefficient at infinite dilution is given by: 

(8) 

(9) 

lim K = k,cf = K. 
Cg-10 

(10) 
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Fig. 1. The relationship l/c, vs. l/c, at high benzene concentrations: Q, 19.9; CD, 27.1; .,35.0 and 0,41.7”C. 

By plotting I/c, against l/es, a straight line having the slope 

(11) 

will be obtained if the Langmuir isotherm is appropriate for a given system. 
We have treated our data in this way and graphical representation of the 

sorption isotherms in the coordinates l/c, versus l/es is illustrated in Fig. 1. Significant 
deviations from linearity occur at higher benzene concentrations as already 
indicated elsewhere3. The maximum benzene gas-phase concentration up to which the 
Langmuir isotherm is applicable is approximately 5 + low9 mol/ml. 

The regression criterion, R,, was defined by 

R, = IK,exp - Ki,calcI 

K, exp 
u-3 

and its value for the Langmuir isotherm was used to test further isotherms. About 
twenty isotherm equations previously described in the literature have been tested and 
for a surprisingly low number of equations the value of R, was significantly lower than 
in the case of the Langmuir isotherm. 

Even if a very good correlation was obtained, such as in the case of the 
Freundlich’, Ternkin” and especially Dubinin-Astachov” isotherm equations in the 
non-linear parts of the sorption isotherms, the condition for the transition to the Henry 
law in the low concentration range was not fulfilled. 

Simultaneously we tested several modifications of eqns. 8 by adding one 
adjustable parameter. Of these 

K = K,/(l + kl@ (13) 
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where K,, is the partition coefficient at infinite dilution and kl, k2 are adjustable 
parameters, appeared to be the most suitable. The lowest values of R, were obtained 
from all the isotherm equations tested and this equation permits the transition to the 
Henry law if cg + 0. 

The individual isotherms were correlated by eqn. 13 with the following average 
deviations between the calculated and experimental values of the partition coefficients: 
1.2, 2.6, 1 .O and 2.2% relative in the direction of increasing temperature. 

The solute sorbent-phase concentration, cSr is of much greater importance if one 
keeps in mind the aim of this work. Eqn. 13 was therefore used with variable c, 

K = Ko/(l + k3cJk” (14) 

and due to the interconnection of cs and c, through K it is not surprising that the 
correlation of the individual isotherms was as good as that obtained with the use of 
eqn. 13. 

With the relationships between K and c, which followed from the fitting of the 
data by eqn. 14, an attempt was made to find the dependence of the parameters A, B of 
eqn. 5 on the sorbent-phase concentration, c,. The partition coefficients were 
calculated from the individual isotherms for a number of selected concentrations, c,. 
With the use of eqns. 2 and 5, the values of A and B were calculated by linear regression 
of four V, values obtained for each concentration, c,. The resulting dependences of A 
and B on c,, obviously as a consequence of the insufficient number of points for the 
linear regression, exhibited irregular courses with local extremes. 

It was clear that the only way to proceed further was to determine the 
temperature dependence of the adjustable parameters, k3 and kq, in eqn. 14. Their 
values obtained from the fitting of the individual isotherms by eqn. 14, indicated that 
k3 was almost independent of temperature and parameter k4 was linearly dependent 
on l/T. 

The partition coefficient, Ko, at infinite dilution is given by 

T 
K. = lim V, - 

c+o 273.15 
Q 

(15) 

and its temperature dependence is that of the specific retention volume in this range 
(eqn. 5). 

Based on these results, eqn. 16 was proposed 

K=T. lo”+b’T 

273.15 (1 + ec,)-‘C+d’T’ (16) 

with five adjustable parameters a, b, c, d, e. With the use of eqn. 2, the relationship log 
Vg = f(T, c,) is obtained: 

log V, = a + f + c log(1 f ec,) + f . log(l + 4 (17) 
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Fig. 2. The relationship log VB vs. log c, calculated by use of eqn. 17 (full lines) and experimental points (see 
Fig. 1). 

From the correlation of the whole set of experimental data by eqn. 17, the following 
values of the adjustable parameters were obtained: a = -7.0618, b = 3486.69, 
c= 1.42312, d = - 1019.63 and e = 28964.9; V, (ml/g), c, (mol/g). 

In Fig. 2 the experimental data and the data calculated according to eqn. 17 are 
plotted in the coordinates log VB vs. log c,. An average deviation of 2.67% relative was 
found between the calculated and experimentally determined values of the partition 
coefficients. 

It is evident that, at a constant temperature, eqn. 16 is reduced to eqn. 14. The 
values of parameters a and b are identical with the values of parameters A and B at 
infinite dilution, usually determined by elution gas chromatography 

a = lim A, b = lim B 
c-0 f -0 

Our values of a and b are in a very good agreement with parameters A and B in 
eqn. 5 determined previously3 for the system nitrogen-benzene-Tenax (A = - 6.9629, 
B = 3455.25). 

Fig. 3. Graphical illustration of eqns. 18 and 19. 
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The dependence of parameters A and B on the sorbent-phase solute concentra- 
tion is expressed by 

A = a + clog (1 + ec,) (18) 

B = b + dlog (1 + cc,) (19) 

from which the standard thermodynamic functions of sorption can be calculated for 
any sorbent-phase solute concentration. These dependences are illustrated in Fig. 3. 

CONCLUSIONS 

The equation of the Langmuir isotherm modified empirically was proposed for 
the description of the relationship between gas-phase and sorbent-phase solute 
concentrations. A simple temperature dependence of the adjustable parameters was 
found and the resulting eqn. 17 describes well the whole set of experimental data with 
an average deviation of 2.67% relative, which is in agreement with the estimated 
experimental error (< 3% relative). 

Eqn. 17 can be used to calculate relative changes in the partition coefficients of 
the solute in the equilibration method of trapping under the above mentioned 
assumption. 

The absolute values of the partition coefftcients of benzene are of importance in 
the conservation method of trapping. 

The surface of Tenax contains a relatively low portion of the active sites with a 
virtually constant value of the change in the standard Gibbs function of sorption, 
dG,O .The concentration necessary for a complete coverage of this part is approximately 
10m6 mol of benzene per gram of Tenax. With increasing sorbent-phase concentration 
the active sites with lower values of AGF become available. This leads to a strong 
dependence of the parameters A and B of eqn. 5 on the sorbent-phase solute 
concentration, with consequences for both methods of trapping. 
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