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Size monodispersed poly(methyl methacrylate-ethylene glycol dimethacrylate)
packing materials were prepared by a multi-step swelling and polymerization method with
cyclohexanol or toluene as porogenic solvent. When toluene was applied as a porogen,
the seed polymer severely affected the porous structure, while no effect was observed
with cyclohexanol compared chromatographically with those prepared by the

corresponding suspension polymerization methods.

A multi-step swelling and polymerization method has been utilized to prepare size monodispersed polymer
particles.]) A crosslinking agent and some porogenic solvent can be applied with the monomers to afford the size
monodispersed porous polymer particles which are suitable for separation media for high performance liquid
chromatography (HPLC).2.3) Usually, polystyrene seed particles prepared by an emulsifier free emulsion
polymerization are utilized as a seed polymer and size monodispersed poly(styrene-divinylbenzene) particles have
been prepared through this method to utilize as a packing material in HPLC.4) These size monodispersed polymer
packing materials showed excellent column efficiency with very low column pressure drop even in a reversed
phase mode due to their good size monodispersity without any fines,3) however, the polystyrene seed polymer
acted as a porogenic solvent to afford a larger contribution of macro pore region than those prepared by the
corresponding suspension polymerization method.5.6) These findings may be explained based on a solubility of
seed polymer into the monomers and porogenic solvent which are applied to the swelling method.

Usually, porogenic solvents involving large molecular weight moiety such as linear polymer afford the
porous particles with very large pores and this influence of the polymeric seed is reported to be very sensitive by a
change of an amount of polymer as well as a molecular weight of polymer.3.7) Therefore, it is very important to
investigate the influence of seed polymer on porous structure of size monodispersed particles in the swelling
method because the combinations and ratio of monomers and porogenic solvents tend to be decided based on the
knowledge of the traditional suspension polymerization in which any seed polymer is not usually utilized. Here,
the influences of seed polymer on the porous structure of the size monodispersed poly(methyl methacrylate-
ethylene glycol dimethacrylate) particles (Ma-gel) were investigated using toluene and cyclohexanol.

Polystyrene seed polymer (1 um in a diameter) was prepared by a typical emulsifier free emulsion
polymerization.8) Size monodispersed poly(methyl methacrylate-ethylene glycol dimethacrylate) particles were
prepared by a multi-step swelling and polymerization method (MSP) using cyclohexanol or toluene as the
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porogen?) and the calculated size of the final swollen particle was 6 um in diameter. The corresponding
suspension polymerization (SPM) was also utilized to the preparation of the size polydispersed Ma-gel without the
use of the seed polymer and the particles were used without size classifications. For the investigation of the
porous structure of the particles, chromatographic characterization is applied because actual properties in
chromatographic separations give more realistic information of the particles as separation media.

First of all, pore size and pore size distribution were

determined in a size exclusion mode using polystyrene 8
standard samples as well as alkylbenzenes in 7 L . Ma-chn
tetrahydrofuran (THF). Two kinds of Ma-gels were o
prepared by MSP and SPM and the calibration curves on 8 on
the total four Ma-gels are depicted in Figs. 1 and 2. ; 5 | * : L

The Ma-gels prepared using cyclohexanol as a 2, | L4 l. .
porogen showed no differences in pore size distribution and = onm
a volume of pores between MSP and SPM (Fig.1), 3 om
however, those prepared with toluene as a porogen o L ." o a
provided severe differences (Fig.2). Since methyl
methacrylate, ethylene glycol dimethacrylate, and 10 5 1| 1I5 ;
cyclohexanol are not good solvent to polystyrene, the seed Elution volume / ml
particle is not dissolved in the oil droplet consisting of the Fig.1. Calibration curve (cyclohexanol).
monomers and the porogen, 10) which results in completely m; MSP, @; SPM, Mobile phase; THF,

C s . . C Flow rate; 0.5 ml/min. Detection; UV 254 nm.

same properties in pore size and pore size distribution as
well as the volume of pores in both methods. On the other 8
hand, when a good solvent to the polystyrene seed, toluene s L - Ma-tol
is involved in the swollen particles, the seed polymer is o
dissolved in the oil droplet in MSP to afford porous 6 on
particles with relatively large pores, while SPM gives S5 1 ..
almost non-porous particles in spite of the use of toluene as i ' .-
a porogenic solvent. The similar non-porous particles were °4r -
also obtained by SPM using xylene or ethylbenzene as a 3 ° n
porogenic solvent and an unexpected appearance of these o L ‘. . % .
non-porous particles in SPM can be only explained by a
complete phase separation between the monomers and the 10 5 11 1.1 5 ;
porogenic solvent which means toluene dose not work as a Elution volume / ml
porogen. Since only one difference in both methods is the Fig.2. Calibration curve (toluene).

m; MSP, @; SPM, Mobile phase; THF,

f pol 1 i it i )
use of polystyrene seed polymer in MSP, it is clear that Flow rate; 0.5 ml/min. Detection; UV 254 nm.

toluene involving the dissolved polystyrene seed polymer
acts as a porogenic solvent to provide porous structures.11)

A retention selectivity in a reversed phase mode also indicated a very interesting phenomenon (Fig. 3). A
retention selectivity on both of Ma-gel with toluene (Ma-tol-MSP) and with cyclohexanol (Ma-chn-MSP) was
similar, because chemical composition and surface chemistry9) were almost identical, however, the Ma-tol-MSP
showed preferable retention to polycyclic aromatic hydrocarbons (PAH) in a aqueous acetonitrile. Since the Ma-
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gel does not include an aromatic functional group, this interesting retention selectivity is archived mainly by the
difference in the nature of porogenic solvents that is an influence of seed polymer.

In a multi-step swelling and polymerization method,
hydrophilic monomer and/or solvent tend to labilize the 1
dispersion of the swollen particles due to the solubility.
Therefore, toluene, xylene, and cyclohexane have been
usually applied as the porogenic solvents. Although
cyclohexanol is a very suitable porogenic solvent to methyl

0.5
methacrylate gels12) and applicable to the swelling method, i

wO

the size monodispersity of the final particles become worse

log k' (Ma-tol-MSP)

NO

mainly due to an ease of coalesce of the swollen particles.

-0

Actually, a rapid stirring of the dispersion of the swollen

0 0.5 1
with much worse size monodispersity in Ma-chn-MSP than log k' (Ma-chn-MSP)

particles and/or long swelling time resulted in the particles

that in Ma-tol-MSP. So that, if Ma-tol-MSP affords better Fig.3. Retention selectivity in 60% acetonitrile.

chromatographic properties than Ma-chn-MSP, it must be a  1; benzene, 2; toluene, 3; ethylbenzene, 4; propyl-
benzene, 5; butylbenzene, 6; amylbenzene, 7;
very useful method to prepare poly(methyl methacrylate- naphthalene, 8; anthracene, 9; pyrene, 10; tri-

ethylene glycol dimethacrylate) packing materials with phenylene, 11; diphenylmethane, 12; o-terphenyl,
. . . 13; triphenylmethane.
excellent size monodispersity.

An application of Ma-gel is of course a separation of polypeptide in a reversed phase gradient mode.13) A
very nice commercial Ma-gel, Shodex DE 613 can not provide good separation of a mixture of polypeptide due to
the micro porosity of the particle. A large molecular weight peptide BSA (MW = 68,000) was reported to be
excluded from the pores.13) Both of Ma-gels using toluene and cyclohexanol provided a separation of
polypeptide, however, the Ma-gel with cyclohexanol showed worse peak shape especially for cytochrome C (Fig.
4). These findings are explained based on a difference in pore size distribution of both particles and Ma-gel with

toluene is clearly a better separation medium for the separation of polypeptide.
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Fig.4. Separation of polypeptide. )

1; naphthalenemethanol, 2; cytochrome C, 3; lysozyme, 4; BSA, Mobile phase; A; ZQ% ‘
acetonitrile with 0.1% trifluoroacetic acid, B; 60% acetonitrile with 0.1% trifluoroacetic acid,
Gradient; from 100% A to 100% B in 20 min. Detection; UV 280 nm.
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Here, the unexpected effect of the seed polymer is turned into a good method to prepare the good Ma-gel for
the polypeptide separation.
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