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SUMMARY 

Tbe specific retention volumes of tetrachloromethane, isooctane and toluene 
were measured on squalane at 50 and 75 “C with nitrogen and hydrogen as carrier 
gases at pressures of IO-100 atm and with carbon dioxide at pressures of IO-50 Btm. 
Exact corrections of the data for the gas-phase non-ideality and liquid-phase compres- 
sibility effects were carried out, thus making it possibIe to distinguish and characterize 
unequivocaIIy the role of the solubility of the carrier gas in the sorbent phase. The 
results show that the pseudo-binary model fails in a more refined interpretation of 
gas chromatographic retention data. 

INTRODUCTION 

In a previous paper’, specific retention volumes measured for tetrachloro- 
methane, isooctane and toluene on Apiezon K with nitrogen, hydrogen and carbon 
dioxide as carrier gases at 50 and 75 “C and at mean column pressures of 10-100 atm 
for nitrogen and hydrogen and 5-50 atm for carbon dioxide were processed according 
to the pseudo-binary model’. In accordance with this model, neglecting the soIu&Iity 
of the carrier gas in the stationary phase resulted in an effect as if the partial molar 
volumes of the solutes in the stationary phase acquired different values for each of 
the carrier gases employed. The differences in these effective partial molar volumes 
were especially marked with isooctane. However, the effect of the solubility of the 
carrier gas on the specific retention volume, which has been specified by eqn. 1 in 
the previous paper’, can be distinguished and treated separately only if the true partial 
molar volumes of the solutes in the stationary phase are known. The partial moIar 
volumes of the components of a solution are experimentally accessible most readily 
from the dependence of the density of the solution on its composition. However, 
owing to their high viscosity, solutions that contain Apiezon K as a major component 
are not very amenable to the precise measurement of density. Therefore, we carried 
out analogous chromatographic measurements on squalane as the stationary phase, 
the solutes, carrier gases and experimental conditions being the same as those used 
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with Apiezon K. The partial molar volumes of the individual solutes in squalane were 
determined frolm the independently measured dependences of the densities of binary 
solute-squalane solutions on the molar fraction of the solute. 

EXPERIMENTAL 

The specific retention volumes were measured on the instrument used in our 
earlier measurements with Apiezon K’, with some slight alterations in the desigu of 
the manostat. The transistor relays operating the solenoid valve were omitted and the 
solenoid coil was connected directly into the collection circuit of a power transistor. 
In addition, the pneumatic controlling section of the manostat was thermostatted at 
50 “C in order to provide better long-term stability of the pressure. 

The measurement of the density of the solute-squalane solutions was carried 
out pycnometrically at 50 and 75 “C. The concentrations of the solutes were ap- 
proximately 1. 3, 5 and 10 % (w/w). The results obtained were expressed as the 
dependences of the molar volume of the mixture on the molar fraction of the solute, 
=c,, 2nd processed by the method of intercepts 3; the limiting tangent at s, -+ 0 was 
determined by the least-squares method and the intercept cut by this tangent on the 
coordinate of molar voiumes at x1 = 1 gave an estimate of the partial molar volume 
of the solute at infinite dilution in the mixture. 

RESULTS AND DISCUSSION 

The procedure for processing the measured 
detai1 in our previous paperI. The specific retention ___ 

retention data was described in 
volumes expressed at a reference 

temperature of 373 K, Vz”, as measured for the solutes studied at different mean 
column pressures up to 100 atm and at column temperatures of 50 and 75 “C, are 
summarized in Table I. As shown in Figs. 1-3, the plots of log V”g” against the col- 
umn pressure for the individual solutes on squalane display courses very similar to 
those obtained for analogous situations with Apiezon K as the stationary phase’. 

In further processing, the data were corrected for the non-ideality of the 
gaseous phase and the compressibility of the liquid phase by employing the equation1 

(1) 

where z2 and z? are the compressibility coefficients of the carrier gas at the tempera- 
ture of measurement (column temperature), T, and a reference temperature T,, Vg’ is 
the specific retention volume as measured at the temperature T and expressed at the 
reference temperature T,, 4, is the second cross-virial coemcient of the solute vapour 
and the carrier gas, P is the partial molar volume of solute in the liquid phase, P is 
the absolute mean column pressure, MS is the molecular weight of pure (without dis- 
solved carrier gas) liquid sorbent, Hfr is the Henry’s law constant of the solute in the 
actual liquid sorbent at a reference pressure P, and R is the perfect gas constant. The 
logarithmed expression on the right-hand side of eqn. 1 represents the specific retention 
volume corrected for the non-ideal effects in the gaseous phase and the compressibility 
of the liquid phase, expressed at a temperature T,. For the sake of brevity, this ex- 
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TAELE IV 

EQUATIONS OF THE CORRELATION OF LN VpBj73 WITH COLUMN MEAN PRESSURE 
(p> FOR CC&, ISOOCTANE AND TOLUENE ON SQUALANE AT 50 AND 75 “C 

For the meaning of Vi3”, see eqns. 1 and 2. 

Carrier Temperature Ln vy 

gas (“Cl 
CCI, Isooctane Toluene 

NZ 50 5.7751 - 0.00168 P 6.2254 - 0.00018 P 6.8412 t o.oao13 B 
75 4.9551 - 0.00101 P 5.3298 - o_oOoo3 P 5.8744 + o_ooo74 P 

HZ 50 6.2144 - 0.00067 P 6.8240 - 0.00119 I= 
75 4.9277 - O.ooI28 P 5.3018 - 0.00111 P 5.8317 - 0.00168 P 

CO2 50 5.7576 - 0.00055 P 6.1919 f 0.00671 P 6.7791 - o.cKm9 P 
75 4.9221 - 0.00160 P 5.2426 + 0.00550 P 5.5196 - 0.00127 P 

by virtue of the relationships derived in Part I of this serie?. Eqn. 26 in that pap& 
can be written in the form 

(2) 

wherefpr is the fugacity of the pure liquid solute at the temperature of measurement 
and a reference pressure P,, rzpr is the Raoult’s law activity coefficient of the soIute 
in the actual liquid sorbent at the temperature of measurement and the reference pres- 
sure and xz is the molar fraction of the carrier gas dissolved in the sorbent phase. 
From eqn. 2 we can readily obtain 

(3) 

where Wp is the Henry’s law constant of the carrier gas dissolved in the liquid sorbent 
at the temperature of measurement and the reference pressure P,, and ygpr is the 
corresponding Henry’s law activity coefficient. A similar relation was recently quoted 
by LaueI5. Eqn. 3 defines the slope of the pressure function of In ViTr as shown by 
the plots in Figs. 4-6 and specified numerically by the equations in Table IV. 

In order to carry out this last correction, it would be necessary to know the 
soiubility of the carrier gas in the stationary liquid and the dependence of the activity 
cuefkient of the solute on the concentration of the dissolved carrier gas. 

CONCLUSIONS 

It follows from eqns. 1 and 2 that the gas chromatographic retention volume 
is generally a function of a number of second-order parameters which are dikult to 
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specify and to distinguish experimentally. These effects are of little importance in 
ordinary gas chromatographic measurements, but they become significant in measure- 
ments at higher pressures of the carrier gas and/or even at moderate pressures in 
high-precision measurements, especially when employing easily condensable carrier 
gases. In addition, the specific retention volume is also dependent on dynamic factor@. 
A complete correction for all of these non-ideal effects is very difikult. 

This situation is unfavourable towards the possibility of both precise analytical 
processing and the exact physicochemical interpretation of retention data. It is 
evident that a perfect reproducibility of high-precision gas chromatographic retention 
data cannot be attained by standardizing merely the chromatographic sorbent; it 
would be necessary to standardize the entire chromatographic system. in order to 
achieve this objective. 

Eqns. 2 and 3 can be used to verify the finding’, curious at first sight, that the 
character of the dependence of retention indices on the type and pressure of the 
carrier gas depends on the type of stationary phase used. 
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