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The idea of using porous organic polymers as packings for-gas chromato- 
graphic coIumns has-led to new possibilities in seiecting the best materials for par- 
ticular separationsl. Although a number of sugh polymers are comme?cially available 
(e.g., under trade names such as Porapak, Chromosorb and Synachrom), new ma- 
ter& with specific properties can be synthesized by varying the chemical nature of 
the poIymeric skeleton, the presence or absen-=e of polar functional -groups and the 
texture of the porous polymer. Until now, most work has b&n concerned with chem- 
ical composition and its influence on the performance of the packings. Johnson and 
Barrall studied the micropores (pore radii up to 10 nm) of various Porapaks and 
concluded that the micropore distribution has no effect on the separation properties 
of the packings. However, recent progress in the theory of diffusion in porous ma- 
t&ids, made in c&me&on with heterogeneous camlysisa*4, shows clearly ti2t x- 
tention characteristics shouid de-pend much more on the presence of Iarget pores 
(macropores) than on micropores. 

Our work has confbzmed this expectation-_ -In the series 6f packings that we 
prepared -by poiymerization of various monomers and cross-hnking agents in the 
plmsence of pore-forming solvents (Table I), we have observed better separations-and 
reduced tailing when the surface area of the sample was relatively low (between 15 
and 60 m’/g) and the mean pore size relatively large (radii greater th&n 50 nm) com- 
pared .tith commercial preparations. The effect was dramatic in some instances. Our 
mat&a1 PON (Table I), which in its chemical structure resembles Porapak R and N 
(Waters. Assoc., Milford, Mass., U.S.A.)s*7, may serve as. an example. 

_MONOMERS USi% FOR IkEPAR4TlON OF P&OUS POLYMER$ 

Palmer Monomer c?oss-lk&Ig Ogenr 

XEW 2-Cyanoethyl methacrylate ?’ EthyIene dimethac&ate --- 
PON N-Viaylp,y+ido; Divinylbenzene 
?yR Vmylpyridiw Divihyibenzene 
HEM 2-Hydroxyethyl methacryiate Ethylene ~imethacryfate 
_MAD Methacryiiide Ethylene diie+mIate . . 
ACN Acrylotitrile Diviuylknzene 

-. 



Substance m. Relative reteniiorr K?V&CS id& 

PDN 50 = PON 300’ Poraptik R” Porapah- N”’ 

Cyclabekme 0.06 4.81 64.5 625 ._ 
Methanol 0.87 120 365 385 
WGe~. 1s 1’6 - - 
Ethanol 1.46 252 435 480 
Ethyl acetate 1.97 5.35 5S.5 700 
Benzene 2.7Q 5.62 6& 735 

* At 1 lo”, column OS x 6 mm, particle size 02HMO mm. flow-rate @id 120 mljmin. 
** At 2lw (rzf_ 7). 

-*= At 17S (ref. 7). 
o Retention time 3.42 min. 

p p Retention rime 3.00 min. 

&Nkylpyrroiidones form charge-transfer complexes with aromatic compounds 
and are used for the extraction of aromatic compounds from_ petroleum fractions. 
Therefore, a large difkence in retention between aromatic and non-aromatic hydro- 
carbons might be expected when the pyrrolidone group is included in the polymer used 
2s the.coIumn packing. However, published data on Porapak R and N do not show 
the expected sekctivity Fable 11, data on cyclohexane and benzene). We suspected 
that in materials of high surface area (as is the case with Porapaks), the surface is 
formed-not only by active pyrrolidoni- groups but also by hydrocarbon chains of the 
polymer skeleton and qf the cross-linking agent. This “hydrocarbon” fraction of the 
surface then serves for adsorption of non-aromatic compounds and thus increases 
their retention. The net effect is a decrease in selectivity for adsorption of aromatic 
hydrocarbons. In order to prove this hypothesis, we prepared two PON-type packings 

Fig. 1_ Pore size distrihuti~n ctie for PON 50 obtained 
pa-imeter. lotd pore v&s&e, 2.Oi d/g. 

by rn~~~ry poro&etry using a Carlo Erba 



Fig. 2. Pore size distribution curve for PON 300 obtzined by mercvry porosinkry using a C&o 
Erba porosimeter. Total poti volume, 121 ml/g. 

that differed in their surface areas a& pore size distributions (‘Fable II and Figs. I 
and 2). The sample with a surface area of 300 rnz/g-(PON 300) (Le., in the range of 
commerci21 preparation&‘) has most pores in the range lO-1% nn, but the sample 

with a lower surface area of -5@ m’/s (PQN 50) has a large proportion of pores larger 
than 100 nm. 

The data in Table II show the observed diEerenc& in separation abilities. 
Whereas the retention of water is about the same on both packings, all other corn- 
pomxis are eluted 1~~s easily from PON 300 than from PON 50.. With PON 300 the 
peaks were unsymmetrical with pronounced tails. The difference in the relative- re- 
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Fig. 3. Separation of aromatic and non-aromatic &xirocabons.dn PON 50’&&ing. C&x&,-SO x 
0.5 cm I.D.; particle size, tU5-0.40~; flame-ionization detection. (a). Cyklohexane (O.l.ya in 
bexxzene; 110”; & fiow-r2te 37 mljmin; OS-ftl sample; cEzznge df sensitivi~ I :foO. (b) Metliylcyclo-. 
kezane (1 “A in tohene; 140”; Nz flow-r&e 32 ml[mk; W&E~s&ple; sensitivity.cl+xgq ? 50. (c) 
Isooct&e (O.@l”%) in benzene; llOs; N, fhv-rati 32 m&n@; 0.5g1.tipIe; se.@itivity $xzage.r:~ 
250. R.&s: 1 = cycIo!xtie; 2. + benzene;.3 -= rhethyky&hexke;4 5 $&ene; 5 4. iso+tt_ 
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&&xii an the twcr sampiis &em< to increase with fhe size of ffie ehufed mote&e. 

: -JJxi CxelI&t properties of PON 30 were utilized for -the develo@ment of a 
method for.&e determination cf trace amounts of non-aromatics in aromatic hydro- 
carbons. Fig.:3 shows chromatograms of such mixtures.-CHefins are eluted in a single 
peak with s&@ated hydrocarbons.- As the first peak is very sharp; cont&s of non- 
aromatic hydrocarbons down to 100 ppm could easily be detected. IQ an other case, 
ciclohexane admixtures with benzene in the range 0.1-I oA were analyzed with a stan- 
dard deviation ofQ.01% using a g& chromatograph with 2 thermal conductivity de- 
tector, a temperature of 3 I@,: hydrogen as the carrier gas, a constant volume of in- 
jected sample and calibration based on peak height. 

The packing KEM, which had been applied successfully in anaIyses of car- 
boxylic acids”aud waters, may serve as an other example of the influence of texture. 
The material used in these studies had a surface area of 25 mzi, and showed a maxi- 
mum at 60 IM .on the pore radii distribution curve. When the conditions of poly- 
merization were changed, the surf..ce area was increased to 60 m2/g, the most frequent 
pore size decreased to 25 nm and extensive taiiing appeared on the chromatograms 
of carboxyhc acids. 

We conclude that for the best performance of polymeric gas chromatosaphic 
packings, the distribution of pores should be carefully controlled. En general, broader 
pores shoufd give less distortion of peaks by diffusion. However, surface area and 
pore size cannot be varied independentIy; a high surface area can be achieved only 
when .a,-substantial f&&ion of the surface is formed by small pores. Moreover, there is 
probably also some dependence of the chemical composition of the surface, which 
is not necessarily the same as the bulk composition, on the polymerization rate and 
the chemical n&ure of the solvent used during polymerization for formation of the 
pores. The poor retention reproducibility of commercial polymeric packings from 
various batches, reported by some workersgJo, might be explained on this basis. 

When considering the optimal textural parameters of a packing, we must view 
the chromatographic process as a complex system of interactions. We must take into 
account not only the streugtb of adsorption of the substances that are to be separated 
but also their relative rates of adsorption and diffusion. Therefore, mean pore radii 
of 60 nm have been found suitable with KEM for the separation of acids, whereas 
for RX? and for the separation of hydrocarbons this pore size might be too small. 

Other amdyti~ applications of the materials listed in Table 1 are under study 
aid will be published elsewhere_ 
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