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Bulk liquid partition (absorption), adsorption on the solid support intetiace 
and adsorption on the liquid stationary phase interface. contribute to the solute 
retention in gas-liquid chromatography (GLC). Although the usual assumption is 
that the absorption dominates, it is increasingly believed’ that for most packed 
columns with liquid loadings below 5 0A (w/w) the separation is caused by a mixed 
retention mechanism_ The relative importance of the three basic mechanisms depends 
on the surface-to-volume ratio, i.e., on ‘the liquid phase loading. Mixed retention 
often affords better separation than pure liquid partition. All isomeric hydrocarbons 
from C1 to C6 can only be separated on a column capable of adsorbing the light 
hydrocarbons, whereas the higher members are retained by partitioning. For ana- 
lytical purposes, one therefore often deliberately employs columns showing mixed 
retention. When attempting to reproduce work from other laboratories, one has to 
consider that separation on t&se columns depends not only on the nature of the 
liquid phase but also on the solid support employed. Retention times are also likely 
to be dependent on the sample sizez_ 

On the other hand, GLC finds increasing use for the determination of thermo- 
dynamic properties such as the enthalpy and entropy of solution or the heat of 
vaporization3. It is obvious that for these applications one has to make sure that only 
liquid partitioning contributes to the measured retention volume. 

The relative contributions of ‘adsorption and partitioning are also dependent 
on the nature of the solute. Relative retention data, like KovSs’ retention index4, 
are therefore affected by the mixed retention mechanism. This has to be taken into 
account when characterizing the polarity of stationary phases via the retention 
indices of certain solute probe2. Consequently, there is a need for a test which con- 
firms that adsorption is negligible. When determining absolute data, such as specific 

retention volumes, such methods have been proposed’+*‘. Even today the accurate 
determination of retention volumes is still a laborious procedure. 

One therefore usually injects small samples and determines whether the reten- 
tion time is dependent on the sample size, the idea being that small sample sizes 
ensure that one is in the domain of infinite dilution, where bulk partition is conce~- 
tration-independent. Adsorption, bein g concentration dependent, should show z 
decreasing retention time with increasing sample size. IIowever, at small sample sizes. 
adsorption is sometimes only moderately concentration-dependent. Only when th 
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active sites a-e appreciably cove’& does the adsorption-based retention, become 
sensitive towards solute concentration. At high concentrations the s&face is co&- 
pletely covered and the adsorption is a&in concentration-independent. It was felt 
that, besides sample size, some other test should be considered_ .. 

The present‘ communication describes, based on readiIy accessibIe iid& 
measurements, a method of ensuring that adsorption effects- have a. negl&ib& i& 
Aueuce on retention. 

EX@E~ME~AL . _ 

Reagents : 

The n-dkanes and alcohofs were of analytical quality- Xh? supp+s were . 
purchased from Sohas-MamiHe, Denver, Cola., U.S.A. (G),and E. Merck, Darm- 
stadt, G.F.R. (w). The stationary phase was obtained from Embausen.Werke (witten/ 
Ruhr, G.F.R.). Fig. 1 shows that the dioctyl phthalrate was impure. 
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Apparatus ._ 
A F & M 810 chromtograph with flame ion&t&n detection was used. The 

temperature was maintained with a lic#id thermostat at tQ0 & 0.1”. TIie carrieF_ 
was nitrogen. Steel columns (2 m x 2.5 mm 0.D.) and capilI&ry Cozumns ma& .df 
steel and glass (2 m x 0.35 mm O.D.) were empIoyed. The phthdate +as deposited 
m the solid s~lpport from cblorofom solution_ The capillary cohmns w&e prepared 
by the dynamic method with a lObA chE&ofom soLution. The &ass c~lu&r~ had 
been previously etched with IX1 gas. 33e average f&n thicknas. was cabbed to 
Se 0.2 ,mn according to-the empirical eq&on of K&erS_ The reproducibiIity of the 
quoted retention india was f I unit. 
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TABLE E 

RETENTION ENDKZS OF n-ALCOKOLS ON DIOCTYLPHTHALA TE@QP)ASAFUNC- 
TION OF LlQUlD LOADING A&D SUPPORT MATERIAL 

The loading is quoted in wt.% DOP per solid suppofi (whhout station&y phase). 

ciironzosorb 

W AW (%. wlw) 
2 
5 
8 

11 
I4 

W AW DMCS (%, w/w) 
5 

11 
G AW DMCS (y;, w/w) 

3 
5 
8 

Steel apillary (SO m) 
Glass capillary WJ m) 

rz-C&F,ON rcF& l&o ff 

G G cs 

TIcI :z 923 

719 886 
699 805 a72 
696 802 871 
691 79s 868 

6si 787 860 
673 783 859 

674 784 8.59 
676 785 868 
672 783 860 
671 785 8.56 
671 783 856 

G 

1004 
998 
993 
993 
992 

989 
988 

989 
991 
991 
990 
991 

of Gibbs adsorption, the latter of adsorption on the support. The relative retention 
of the alcohols compared with the a&anes should be independent of the liquid loading 
only if adsorption plays a negligible roIe. The Kov&ts’ retention index is such & 
UWISUE. 

It has the additional advantage of being easily determined. Err Table f an exarr- 
ple is outhued. On acid-treated Chromosorb W AW the retention indi~s of the 
alcohols change even at a iiquid loading as high as 14% (w/w) dioc@ phtkzkte 
@GP). DMCS-treated Chromosorb W AW gives smaller retention indices- The 
Iower alcohols seem to be the most sensitive towards adsorption. The retmtion 
indices on Chromosorb G AW DMCS are above 3 % (w!w) DOP, w&in the expeti- 
mental uncertainty, and independent of thhe loading. 

In Table II the specific surface are& for the support are fisted. It can be seem 
that Chromosorb G coated with 5% (w/w) has about the Same loading _per mz 
square metre of surface area as Chromosorb W loaded with 10% (w/w). Hence the 
surface of Chromosorb W is not much more active than Chromosorb G. Chromosorb 
G AW DMCS coated with 5% (w/w) DQP should show only negligible adsorption. 

TABLE IT 

SURFACE AND BULK DENSITY OF CHROMOSORB PHASES 

From refs. 12 2nd 13. 

Chromosurb Surface Bcdk density 

m%T djnd 
tglltlr) 

: 

W 1.0 0.30 0.3-0.4 
P 4-6’ 1.8-2.0 0.6-0.7 
.-- .J 0.5 0.29 0.58 
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To check this assumption one can compare this column with a capillary 
coIumn. Wetted capillary columns have, generally, a ten times higher loading per 
square metre than packed columns. According to eqn. 2 the adsorption effect on 
capillary columns should be less important. Table I shows that the indices on a steel 
and glasscapillary are the same as those on Chromosorb G AW DMCS coated with 
50/, (w/w) DOP. . 

We feel that the latter column could be used to evaluate the characteristic 
polarity values of the stationary phase, and that this column is a good starting point 
for determining precise partition coefiicients KL (ref. 6). For each new investigated 
stationary phase we applied a similar checking procedure. These results will be 
published separately. 
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