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SUMMARY 

Activity and partition coefficients for the polar solute acetone at infinite dilu- 
tion in squalantiinonyl phthalate mixtures have been determined at 303 K by the 
extrapolation of measurements made using a magnetic suspension vacuum micro- 
balance. The results are used to examine the ability of the Purnell-Andrade and 
Tiley-Perry relations to describe the behaviour of mixed solvents in gas-liquid chro- 
matography. 

The effect of solvent-solid support ratios on the determined activity coeffi- 
cients was also examined. Adsorption was found to occur even at a 40% liquid 
loading. As a result the activity and partition coefficients reported were determined 
using bulk solvents and not solvents spread on solid supports. 

INTRODUCTION 

The infinite dilution activity and partition coefficients have been reported for 
a number of non-polar solutes1p3 and-polar solutes4v5 in mixtures of squalane and 
dinonyl phthalate. These results have been used to examine two relations proposed 
to account for the behaviour of mixed solvents in gas-liquid chromatography (GLC). 
One of these relations proposed by Purnell and Vargas de Andrade’j is empirical and 
the other has been derived from conventional solution theory by Perry and Tiley7. 
In this work the range of solutes is extended to include acetone which is significantly 
more polar than the solutes studied previously. Also, an investigation has been made 
of the effect on the measured activity coefficient of different solvent-solid support 
ratios, with Celite and silanized Chromosorb W AW DMCS as the solid support. 

* On leave from Rhodes University, Grahamstown, South Africa. 
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EXPERIMENTAL 

The isotherms for the absorption of acetone by the solvents were determined 
at 302.96 f 0.01 K with a Sartorius Model 4201 magnetic suspension vacuum mi- 
crobalance and a MKS Instruments Type 270/370 Baratron pressure gauge. This 
allowed the weight changes to be monitored to f 0.1 mg on an absorbent sample of 
cu. 2 g of bulk solvent or ea. 20 g of solvent and solid support, and the pressure to 
be measured to &O.l Torr. The apparatus and the techniques have been described 
previously”*. 

The solvents, squalane (2,6,10,15,19,25-hexamethyl tetracosane, Hopkins and 
Williams) and dinonyl phthalate [di-(3,5,5-trimethylhexyl)-1,2-benzene dicarboxyl- 
ate, BDH] were used without further purification. The acetone, obtained from BDH 
of Aristar grade with a purity >99.8%, was also used without further purification. 
The diatomaceous earth solid support (Celite 545 AW, loo-120 mesh or Chromosorb 
W AW DMCS, 100-200 mesh) was supplied by Phase Separations. The solvents were 
coated onto the solid support by using 40-60°C boiling range petroleum ether. 
Squalane-dinonyl phthalate (DNP) bulk liquid mixtures were prepared at mole ratios 
of2.999:1; l:l.Oi2-and 1:3.053. ’ 

RESULTS AND DISCUSSION 

Activity coefficients YA were calculated from the 
sorbed XA at a vapour pressure PA using eqns. 1 and 2 

mole fraction of solute ab- 

YP,A = pA/(f? XA) (I) 

h yA = In yP,A -f [(V"A - BAA)@+! - PA)/RT] + 

+ ((BAA/RT)' [(pi)' - (pA)“1/2) (2) 

where Yp,A is the activity coefficient uncorrected for gas phase non-ideality and liquid 
phase compressibility. The values used for the saturated vapour pressure Pi (ref. 9), 
the molar volume Vi (ref. 10) and the second virial coefficient BAA (ref. 11) of the 
acetone at 302.96 K were 281.45 Torr, 74.56 cm3 mol-l and - 1.905 dm3 mol-l re- 
spectively. 

It is well known that adsorption effects can contribute to the retention prop- 
erties of liquid solvents coated on solid supports l*. In the absorption of the polar 
solutes, diethyl ether4 and ethyl acetate 5, by squalane and DNP, these effects resulted 
in a variation of the activity coefficient determined with liquid loadings below 27% 
and 40% respectively. (As beforel+, the liquid loadings are quoted as a percentage 
by mass.) To test the effect with acetone, absorption isotherms were measured at 
liquid loadings of 30% and 40% for squalane and DNP using the Celite 545 AW 
solid support. These results were compared with the absorption isotherms determined 
for acetone in bulk squalane and in bulk DNP. Furthermore the absorption isotherm 
for acetone in squalane was measured at a liquid loading of 30% using the silanized 
solid support, Chromosorb W AW DMCS. The results expressed as the logarithm 
of the activity coefficient plotted against mole fraction of acetone are presented in 
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Figs. 1 and 2, and show that adsorption effects are important even at loadings of 
40% on the Celite support. The results for the 30% loaded sample on the dimeth- 
ylchlorosilane treated support show slightly less adsorption than those for the 30% 
loaded sample on the untreated support, and are similar to those for the 40% loaded 
sample on the untreated support. In the investigation of the absorption of diethyl 
ether by these solvents4 no detectable difference was found between activity coeffi- 
cients determined with a hexamethyldisilazane treated support and those determined 
with an untreated support at liquid loadings of cu. 20%. It was concluded that ad- 
sorption of the diethyl ether on the solid Celite surface when coated with the involatile 
solvents was negligible and that adsorption of diethyl ether at solvent loadings of 
(27% arose from adsorption at the gas-liquid interface. In the study of the ab- 
sorption of ethyl acetate5 it was also concluded that adsorption was taking place at 
the gas-liquid interface at loadings of ~40%. Clearly the same phenomenon is oc- 
curring here with acetone, as indeed was suggested by Pecsok and Gump13 when 
examining the acetone-squalane system. As a result of these findings, the absorption 
isotherms required for the determination of the activity coefficients were measured 
using bulk solvent and not solvent supported on Celite. The results are given in Table 
I together with the activity coefficients YA. 

\ 

Mole fraction of acetone xA 

0.2 0.3 
I I 

Fig. 1. The natural logarithm of the activity coefficient In yA at 303 K for acetone in squalane plotted 

against the acetone mole fraction x A. The squalane loadings on Celite are 30% (0) and 40% (O), and 
on Chromosorb W AW DMCS 30% (A). Bulk squalane is denoted by (a). Full curves show the exper- 
imental isotherms and the dotted line shows the best fit of eqn. 3 to the bulk squalane results. 
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Fig. 2. The natural logarithm of the activity coefficient In yA at 303 K for acetone in dinonyl phthalate 
plotted against the acetone mole fraction xA. The dinonyl phthalate loadings on Celite are 30% (0) and 
40% (m). Bulk dinonyl phthalate is denoted by (a). Full curves show the experimental isotherms and 
the dotted line shows the best fit of eqn. 3 to the bulk dinonyl phthalate results. 

In the previous studies’+ the results for each isotherm for a particular solute 
were fitted to the Flory-Huggins expression for a binary system (eqn. 3) regarding 
each squalane-DNP mixture as a single component, and allowing the interaction 
parameter x to vary linearly with the solute VOh.UIIe fraction (PA 

In YA = ln ((PA/XA) + 1 - VA/XA + (1 - COA)‘X (3) 

Activity coefficients at infinite dilution yz were then obtained from this analysis of 
the results using eqn. 4 

In yA = ln (l/r) + (1 - l/r) + Xm (4) 

where I is the ratio of the molar volumes and xrn is the interaction parameter at 
infinite dilution of the solute. However, as can be seen from the dotted curves in 
Figs. 1 and 2, the FloryHuggins expression does not give a good fit to the results 
for acetone. The fit is poorest for acetone absorbed by squalane and improves as the 
DNP content is increased. As a consequence, values of the activity coefficients at 
infinite dilution y2 were obtained by linear extrapolation of In YA for the more dilute 
solutions when plotted against acetone mole fraction. 

The partition coefficient for the solute at infinite dilution between the solvent 
and the vapour phase, KR was calculated using 

KR = RTI(C~?A J'L) (5) 
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where VL is the molar volume of the liquid absorbent taken as the molar average of 
that for the pure solvents. The values of the infinite dilution activity coefficients and 
the calculated partition coefficients are given in Table II. The value of yz for acetone 
in squalane at 303 K of 2.85 determined by Pecsok and GumpI using a microbalance 
is significantly lower than the value of 3.42 determined here. However Nitta et aZ.l4 

have also determined y2 for this system using GLC with a silanized support and 
found it to be 3.70 at 298.15 K and 2.85 at 323.15 K. Interpolation of their results 
on the basis of In yz cc l/r gives a value of 3.51 at 303 K, supporting the higher 
value determined in this work. 

In the previous studies of this mixed solvent system all the isotherms deter- 
mined for a particular solvent were fitted to the Flory-Huggins expression for a 
ternary solution to find the best fit interaction parameters for the interaction between 
the solute and solvents, xAB and XAC, and between the solvents, xBC. The intersolvent 
interaction parameter XBc was then used in the Tiley-Perry equation’, (eqn. 6) derived 
on the basis of conventional solution theory, to predict the partition coefficient of 
the solute in the mixed solvents, KR, from those for the pure solvents, KRcBj and J&c1 

In KR = qB In KR(B) + cPcln KR(c) + ~PR'P~XBC (6) 

With the non-polar solutes, pentane, hexane, heptane, cyclohexane, benzene and 
carbon tetrachloride, the equation predicted KR for the mixed solvents to within 1 %, 
whereas the simple empirical relation proposed by Purnell and Vargas de Andrade’j 
(eqn. 7) gave deviations of up to 7%. 

KRCPA) = (PBKR(B) + %KR(c) (7) 

With the polar solutes, diethyl ether, chloroform, dichloromethane and ethyl acetate 
the prediction of the mixed solvent KR by the Tiley-Perry equation, although better 
than that provided by eqn. 7, was not as good as for the non-polar solutes. This is 
probably to be expected as the specific intermolecular interactions possible with polar 
solutes invalidate the conventional solution model on which the Tiley-Perry equation 
is based. This is demonstrated in the present study with acetone where the Flory- 
Huggins expression for a binary system does not give a good fit to the acetone- 

TABLE 11 

ACTIVITY COEFFICIENTS y” AND PARTITION COEFFICIENTS KR FOR ACETONE AT IN- 
FINITE DILUTION IN SQUALANE (B)-DINONYL PHTHALATE (C) MIXTURES AT 303 K 

A% = percentage 
deviation of calculated I& from experimental value. 

ns:nc YT KR GCP.4, A% 

l:o 3.42 38.3 

1:0.334 2.10 65.2 66.0 1.2 
1:1.012 1.51 95.3 96.7 1.5 
1:3.053 1.18 127.6 130.3 2.1 

0:l 0.954 166.8 , 
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squalane results (Fig. 1). Consequently the overall fit to all five isotherms reported 
in Table I to the Flory-Huggins expression for a ternary system and the prediction 
of the mixed solvent partition coefficient by eqn. 6 is poor. In contrast the prediction 
of the mixed solvent KR by eqn. 7 shown in Table II is much better than that for any 
of the other solutes studied with these solvents. However, as Perry and Tiley’ have 
pointed out, the GLC partition coefficient can never be a strictly linear function of 
stationary phase composition for mixed solvents as eqn. 7 predicts, except in the 
extreme case of complete solvent immiscibility. Although there may be systems where 
linear behaviour is observed within cu. 5%, the mixed-solvent linear approximation 
of eqn. 7 must be used with considerable caution in predicting the behaviour of a 
mixed-solvent GLC column. 
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