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Notes 

CHROM. 5351 

Reproducibility of retention dataon porous polystyrene polymers (Porapaks) 

A new type of adsorbent - an organic porous polymer based on polystyrene -- 
was developed for gas chromatography (GC) by HOLLIS~-3. These materials, manu- 
factured under various commercial names such as Porapak, Chromosorb IOI-105, 
Synachrom, Polypak, etc., have excellent separation properties, especially for com- 
pounds of polar character, and their application has therefore been fairly widespread. 
They have also recently been employed in thin-layer” and licluicl” chromatography. 

Numerous papers exist in the literature, in which retention data2~3~‘J-~ are 
tabulated in the form of specific retention volumes, relative retention volumes, and 
Kovats’ indexes. In addition the manufacturers of these materials give many retention 
datalO*ll in their leaflets. The measurement of physical characteristics based on re- 
tention data12 has also been carried out on polymer materials of Porapak type. 

It is known that reproducible batch preparation of polymers and adsorbents 
is not an easy matter generally. Individual papers dealing with separations on Porapak 
express, in some cases, different opinions concerning the use of this material for the 
separation of certain compounds, e.g. the separationll~f3 of a mixture of nitrogen, 
oxygen, carbon monoxide and argon. GOUGH AND SI;MPSON~* have recently shown 
that the retention behaviour of compounds on Porapalc may differ in certain cases 
depending on the polymer conditioning. Their data are, llowever, presented for tem- 
peratures higher than those recommended by the manufacturers in many cases, and 
the differences may thus be caused by changes in the Porapak resulting from the high 
temperature usecl. 

As a result of this, we have compared tabulated retention data published by 
different authors and carried out measurements of retention data and separation 
factors of model mixtures on different batches of Porapalc Q and on Porapak Q con- 
ditioned in various ways, by means of gas and liquid chromatograplly. 

The surface areas of individual Porapak samples were measured by the dynamic 
desorption methodlG in an apparatus for the determination of the specific surface area 
of aclsorbents*o. Weights of 7-g mg were used for the surface area measurements. 

The analysis of a model misture by GC was carried out in a Becker Delft 
Multigraph dog gas chromatograpll. The column used was So cm long ancl had an 
I.D. of 0.3 cm. The column temperature was 32O, the carrier gas flow rate was 30 ml 
of H, per min. A thermal conductivity detector was used for detection of the separated 
substances. A misture of ethylene, propylene and water vapour was used as the model 
misture. The con~l~ouncls were sampled in amounts of about 5 x 10-7 mole. In all 
cases, the column packing was prepared in such a way that the Porapak Q was con- 
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ditioned in the column for 15 h in a flow of nitrogen at the appropriate temperature, 
and then the column was emptied and repacked with the conditioned polymer. 

The analysis by liquid chromatography was carried out in an apparatus of own 
design. Degassed pz-hesane was used as the mobile phase. A damping system, de- 
scribed by LOCKET’, was employed to balance pressure pulses generated by the 
MC 300 piston pump (Mikrotechna N.E,, Prague, Czechoslovakia). Porapak samples 
were filled into straight stainless steel columns, 50 cm long and 0.2 cm I.D. A capacity 
detector18 was used for the detection. In order to decrease the broadening of the chro- 
matographic peaks 10, the capillary connecting the column and the detector was shaped. 
The measurements were carried out at room temperature. Dead volume of tile column 
was measured by the injection of ?z-octane. 2-~1 samples of a mixture of dibutyl 
phthalate (DBP), benzyl alcohol, and benzene, were used for the measuremems of 
the retention times; the flow rate of the mobile phase was 0~33 ml/min. Thermal 
processing of the Porapak samples was the same as for the gas chromatographic 
measurements. The conditioned sample was washed with mobile phase overnight at 
room temperature. 

Resldts . . 

The relative retention volumes of the compounds measured by various authors 
on different types of Porapak are shown in Table I. All the retention volumes are 

TARLE I 
RELATIVE lZE’l’ENTION VOLUMES OF AMODEL GASES ON DIl?FERENT TYPIlS OF PORAPAIS 
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relative to propene. The relative retention volumes can differ by as much as 20 O/C, 
or more without considering the type of Porapak. Small differences (up to 6”) in the 
temperature of the measurement2~ 5v log I1 are, however, not large enough to explain 
the differences in the data tabulated, especially as the greatest differences have been 
found at the same operating temperature cf. refs. 3 and II. 

Relative retention volumes of some other compounds, in this case by entirely 
different a.utllorsi~U~r(~, are compared in Table II. The retention data are given relative 
to ethyl alcohol. The deviations are large and are to 77 “/” in the case of propionic acid 
and ethylene glycol. These differences in retention volumes are due to different 
authors and thus obviously also to the different samples of Porapak Q being used. 
The same as has been said above holds for the influence of the ,difference in tempera- 
ture, which is 6 or 7”. 

Relative retention volumes of ethene and water relative to propene and peak 
resolution X for the pair propene-water measured by the authors for different batches 
of Porapak Q and for different conditioning temperatures are presented in Table III. 
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When the Porapak was conditioned at 190 the relative retention volume of 
water was 0.516 for Porapak batch No. 555; 0.525 for batch No. 631 and even 0.730 
for batch No. 516. The peak resolution decreases in the opposite clirection. The in- 
fluence of different conditioning on the relative retention volume and peak resolution 
varies according to different batches. While being very small with the batches Nos. 516 
and 631 (the differences seem to be caused by the error of the measurements), this 
effect is quite obvious with batch No. 555. The change in peak resolution is also quite 
considerable. These changes are illustrated in Fig. I. 

The specific surface areas differ to a certain extent, but any evidence of a re- 
lationship between the changes in the retention behaviour of various substances and 
the specific surface area of the Porapak does not seem to esist (Table III). 

TABLE IV 
RELATIVE RETENTION vo~uhms AND PEAIC RESOLUTION or MODEL SUBSTANCES ON PORAPAK Q 

OF DIFPERBNT PRODUCTION BATCHES AND CONDITIONING I'ROCEDURES MEASURED UY LIQUID 

CHROMATOGRAPHY 

Batch 

No. 

._ 

516 
516 
631 

Conditiowirag Aclative mtcnt~io~a Peal6 ~msodittiou I? 
temperat~we volallttc I 

("(3 
DL3P &ltZy~ DB_P~benzeae BcuzyZ 

nlcol~ol a2coJtollDB.P 

25 dC.07 14.0 I.10 I.67 
190 4.10 x4.2 I.21 I.74 
190 2.36 5.95 0.56 J .3G 

Fig. I. Gas chromatograln of a moclcl misturc on Porapalc Q conclitionc 
a = water; 3 = propcne. A = 13ntch No. 631; I3 = batch No, 5 IG. 

:c 1 at 1goo. I = Etllylcnc; 

Fig. 2. Liquid chromntogram of moclcl mixture on Porapalc Q conclitionccl at Igo”. 1 = 13cnzcnc; 
2 = DEW, 3 = bcnzyl alcohol, A = batch No. 516: B = batch No. 63 I. 
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The results of the measurements carried out by liquid chromatography are 

summarised in Table IV. Relative retention volumes of DBI? and benzyl alcohol, 
related to the retention volume of benzene, which was almost constant for all the 
samples, do not change substantially with different conditioning of the same polymer 
batch. However, the relative retention volume of DBP decreased by 42 yO and that 
of benzyl alcohol by 37 “A, on using the polymer from another production batch. 
Similar changes could also be found in peak resolution. While different ways of con- 
ditioning change the Ii value by S-IO (X,, the differences are substantially larger when 
polymer of another production batch is used. The chromatograms of the mixture 
mentioned are shown in Fig. 2. 

Retention volumes of polar compounds (DPB, benzyl alcohol) on batch No. 631 
obviously decrease when compared with the retention volumes of the same com- 
pounds on batch No. 5rG. The same effect may be found for the elution of water on 
the same materials (Fig. I) in GC. 

From the data presented for retention volumes and peak resolution of model 
compounds on Porapak Q it is evident that they differ substantially depending on 
the individual batch used and in some cases also on the method of conditioning both 
in gas and liquid chromatography. The differences in retention data are so large that 
the tabulated retention data taken from the literature or those measured on a certain 
batch of Porapak or as subject to certain conditioning cannot be used practically 
for the qualitative identification of compounds on other batches. Any measurements 
of physical characteristics on the basis of retention data are also evidently only valid 
for the given material measured and have only an instructive significance for the 
general comparison of various types of Porapak. 

We wish to thank Dr. I>. I<ouRr~ovA and Mrs. M. Rour~xA for the specific 
surface are measurements. 
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