ANNALES

UNIVERSITATIS MARIAE CURIE-SKŁODOWSKA
LUBLIN – POLONIA
VOL. LX, 19

SECTIO AA

2005

Influence of diluent composition on the porous structure of
4,4’-diphenyl dimethacrylate - divinylbenzene copolymers
B. Gawdzik* and B. Podko cielna
Faculty of Chemistry, Maria Curie-Skłodowska University,
pl. Marii Curie-Skłodowskiej 5, 20-031 Lublin, Poland,
tel./fax +48-815242251 barbarag@hermes.umcs.lublin.pl
Synthesis of the copolymer of 4,4’-diphenyl dimethacrylate and
divinylbenzene is presented. To obtain these copolymers in the form of the
porous beads suspension-emulsion polymerization was applied. As a poreforming diluent, the mixture of toluene (good solvent) and 1-decanol
(nonsolvent) was used. The influence of the composition of two-component
diluent on the porous structure of the copolymers has been examined. For
copolymer prepared in the presence of larger concentration of toluene in the
mixture with 1-decanol more regular porous structure was obtained.

1. INTRODUCTION
Popularity of porous polymers is caused by their growing applications. These
materials are widely used in different field of medicine, biology and chemistry.
Beside such applications as in drug delivery systems, nuclear imaging, and cell
culturing, porous polymeric beads of different diameters are used as sorbents in
various techniques of chromatography. The application of these copolymers is
closely related to their porous structure and swelling properties. For example
materials for high performance liquid chromatography should be macroporous,
while polymers for ion-exchance and size-exlusion chromatography can change
their dimension during swelling. [1]
Porous polymeric beads are mainly produced by suspension polymerization in
the presence of pore-forming diluents. It has been established that the
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morphology of the copolymers obtained by suspension polymerization is
strongly influenced by the polymerization conditions: monomers, diluent nature,
dilution degree of monomers, volume ratio of diluents to monomers, reaction
temperature, etc. [2-5] The most popular are crosslinked polystyrenes. These
materials are characterized by good mechanical stability caused by the high
percentage of cross-linking. Additionally, they have a reasonably homogenous
chemical structure, deprived of strong binding sites. Although polystyrene based
materials are advantageous due to their chemical stability even at concentrated
alkaline solutions, their modification is sometimes difficult. Additionally these
materials are highly hydrophobic resulting in their rather limited applications.
Copolymers of more polar character are now subject of interest of both scientists
and producers. [6-9] These new materials are obtained from monomers
containing polar functional groups or by chemical modification of the non-polar
styrene-divinylbenzene polymeric matrix.
In this paper preparation of new copolymer of 4,4’-diphenyl dimethacrylate
and divinylbenzene (DPM-DVB) in the from of porous beads is presented. An
influence of diluent composition on the porous structure of copolymers is
discussed. Physicochemical properties of the copolymers obtained under
different conditions are compared.
2. EXPERIMENTAL
Chemicals and Eluents. 4,4’-Dihydroxybiphenyl, bis(2-ethylhexyl)
sulfosuccinate sodium salt (DAC,BP), 1-decanol, tetrahydrofuran (THF) and
methacrylic acid were from Fluka AG (Buchs Switzerland). Divinylbenzene
(Fluka) was washed with 3% aqueous sodium hydroxide solution before using.
, ’ -Azoisobisbutyronitrile was obtained from Merck (Darmstadt, Germany).
Reagent grade acetone, methanol, chlorobenzene, 2-propanol, dichloromethane,
hexane, toluene and sodium hydroxide came from POCh (Gliwice, Poland).




Preparation of 4,4’-diphenyl dimethacrylate (DPM). Methacryloyl chloride
was prepared using the procedure of Rehberg et al. [10]
To 18.6 g of 4,4’ -dihydroxybiphenyl placed in the reactor the solution
containing 300 mL of 3% NaOH was added while stirring. When
4,4’ -dihydroxybiphenyl was completely dissolved 300 mL of methylene
chloride was added and the content of the reactor was cooled to 10oC. At this
temperature 20.8 mL of methacryloyl chloride was dropped. Stirring was
continued for 1 h at room temperature. Then the organic layer was separated,
poured several times with water and dried. Methylene chloride was distilled off
under reduced pressure. The solid product was crystallized from methanol. As a
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final product a colourless crystal compound of mp 152oC was obtained. [11]
This compound was then used for copolymerization with DVB (Figure 1).
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Fig. 1. Chemical structure of the monomers used for the synthesis of the beads

Chemical structure of the monomer – DPM was confirmed by the
spectroscopic methods. The FTIR spectrum of the DPM is shown in Figure 2. In
this spectrum C-H stretching vibrations of aromatic ring backbone methylene
and methyl groups are observed at 3037, 2929 cm-1. The ester carbonyl groups
give a shape band at 1747 cm-1. The aromatic skeletal absorption was observed at
1603 cm-1. The bending vibration of methyl groups is visible at 1493 cm-1.
The 1H-NMR spectrum of the DPM in DMSO is shown in Figure 3. The
methyl group (-CH3) gives a shape band at 2.025; bands at 5.921, 6.308
correspond to methylene group (=CH2 ) while at 7.264, 7.292, 7.721, 7.759 to
phenyl ring.
Figure 4 shows 13C NMR spectrum of this compound. In the spectrum the
signal for the carbonyl group of an ester appears at 166.0 ppm. The four different
types of carbon atoms of the aromatic ring give signals at 122.0, 128.2, 138.1,
and 150.5 ppm. Signal from tertiary carbon is visible at 136.0 while that from
carbon of ethylene group at 127.4 ppm.
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Fig. 2. FTIR spectrum of the DPM monomer

Fig. 3. 1H-NMR spectrum of the DPM
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Fig. 4. 13C-NMR spectrum of this compound.
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Chemical structure of 4,4’ -diphenyl dimethacrylate was additionally
confirmed by GC-MS. As its spectrum was not available in a library an
identification was achieved analyzing molecular and fragment ions. In the
spectrum presented in Figure 5 A molecular ion corresponding to its calculated
molecular weigth (322) is well visible. Two fragment ions are also noticeable.
Ion 69 is associated with cleavaging the bonds –CO– and –O– in methacrylate
group while fragment ion 41 is formed by removing carbonyl group.
One peak in chromatogram (Fig. 5 B) confirms purity of this compound.
Copolymerization. Copolymerization of DPM with DVB was performed in the
aqueous medium. In a typical experiment, 150 mL of redistilled water and 1.4 g
of bis(2-ethylhexyl)sulfosuccinate sodium salt (surfactant) were stirred for 1 h
at 80oC in a three-necked flask fitted with a stirrer, water condenser, and
thermometer. Then the solution containing 10 g of the DPM and 4 g of DVB,
0.18 g of α,α’ -azoisobutyronitrile (initiator) in the solution of diluents mixture
(toluene and 1-decanol) was added while stirring to the aqueous medium
(Tab. 1). Copolymerization was performed for 18 h at 80oC.
The obtained copolymers were washed with distilled water, filtered off, dried
and extracted in a Soxhlet apparatus with boiling acetone, toluene, and methanol.
Microscopic examination showed that the resulting particles have perfectly
spherical shapes with diameters in the range 2-25 µm.
Tab. 1. Experimental parameters of the syntheses of the DPM-DVB copolymers
Diluent
(mL)

Synthesis
No.

DPM/DVB
(g)

Initiator
(g)

A*

B*

1
2
3
4

10/4
10/4
10/4
10/4

0.18
0.18
0.18
0.18

15
12.75
7.50
0

0
2.25
7.50
15

Product

coagulated
microspheres
microspheres
coagulated

*A – Toluene
*B – 1-Decanol

Characterization. IR spectra were determined on a Perkin-Elmer 1700 FTIR
spectrometer using KBr pallets. 1H NMR spectra were recorded on a Brucker
300 MSL instrument (Brucker, Germany) operating at the 1H resonance
frequency of 300 MHz. Chemical shifts were referred to tetramethylsilane
serving as an internal standard. 13C NMR spectrum of the DPM in chloroform
was made at the same apparatus.
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Fig. 5. GC-MS analysis of the DPM: MS spectrum – (A), GC chromatogram – (B)
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GC-MS was made on a Thermo-Finnigan DSQ spectrometer (Finnigan,
USA) hyphenated with a gas chromatograph Trace GC-Ultra equipped
with a fused-silica RTX-5 capillary column (20 m x 0.18 mm I.D., film
thickness 0.20 µm). The conditions were as follows: injector PTV-split
1:20, program temperature 35-320oC with the rate 20oC min-1; MS electron
ionization at 70 eV, temp. of ion volume 220oC.

Such parameters as specific surface areas, pore volumes, pore size
distributions, and the most probable pore diameters were determined by the
method of nitrogen adsorption on the surface of the studied stationary phases in a
dry state. The specific surface areas were calculated by the BET method [14]
assuming that the area of a single nitrogen molecule is 16.2 Å2. These
determinations were made using an adsorption analyzer ASAP 2405
(Micrometrics Inc., USA). The measurements of the surface properties of the
copolymers were preceded by activation of the samples at 200oC for 2 h. The
beads were examined using an atomic force microscope (AFM), AFM
Nanoscope III (Digital Instruments, USA) operating in contact mode. The images
presented in this article contain 512 x 512 data points which were obtained
within a few seconds. The typical force applied to obtain these imagines ranged
from 1.0 to 100 nM.
Thermograms were run on a Paulik Erdey derivatograph (MOM, Budapest,
Hungary).
The swellability coefficient B was determined from equilibrium swelling in
acetone, methanol, tetrahydrofurane (THF), dichloromethane, and hexane using
the centrifugation method. [12, 13] B was expressed as:

B=

V s − Vd
x 100%
Vd

(1)

where: Vs - the volume of the copolymer after swelling,
Vd - the volume of the dry copolymer.
3. RESULTS AND DISCUSSION
To obtain fine polymeric microspheres a combined suspension – emulsion
polymerization was used. [15, 16] In this technique, monomers, initiators are the
same as in classic suspension polymerization. Only stabilizers of high molecular
weights are replaced by anionic surfactants. The surfactant should exceed the
critical micelle concentration (cmc). Consequently more uniform particles with
diameters in the range 2-30 m were formed. Polymeric microspheres with the
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diameters in the range 5-15 m obtained by this technique can be used as column
packings in high performance liquid chromatography (HPLC).
Porous Structure Characterization. In Table 1 parameters of the synthesis
conditions for the copolymer of DPM-DVB are presented. From these data one
can see that the composition of the diluent is directly associated with the
formation of final product. In the presence of pure toluene or pure 1-decanol the
beads are not formed. Beads with perfectly spherical shapes are formed when the
mixture of diluents was used. The obtained beads are macroporous. Comparing
their pore volume one can see that the diluent composition has important
influence on the beads porous structure. Figure 6 presents curves of the pore
volume distribution versus the radii for both porous copolymers (syntheses
Nos. 2 and 3). For copolymer No. 2 synthesized in the presence of larger
concentration of toluene (good solvent) uniform pore size distribution is visible.
Increase of 1-decanol (nonsolvent) concentration leads to bimodal pore size
distribution (copolymer No. 3).
The specific surface area, pore volume, contribution of micropores, and the
most probable pore diameter for these samples are presented in Table 2. From
these data one can see that for copolymer No. 3 specific surface area and pore
volume are larger than those for the sample No. 2. The latter copolymer is
generally less porous. It is important that both materials are characterized by the
lack of micropores in their internal structures. This feature causes that these
materials are interesting from HPLC point of view.
Tab. 2. Characterization of the porous structure of the obtained porous beads
Copolymer
No.

Specific surface
area (m2/g)

Volume of
micropores
(cm3/g)

Pore volume
(cm3/g)

The most
probable pore
diameter (Å)

[[[[

2
3

95
180

0.13
0.27

-

40
45/100

Swelling Studies. It should be noted that some micropores can appear after
swelling the copolymer by the good solvent.
To investigate swelling behavior of the DPM-DVB beads, the samples were
swollen in acetone, methanol, THF, dichloromethane and hexane. The results of
swellability coefficients suggest that both samples of porous beads have similar
tendency for swelling (Tab. 3). Their swellability coefficients are the same or
insignificantly different in all chosen solvents. These results additionally confirm
that in the porous structures of copolymers Nos. 2 and 3 micropores are not
existed.
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Fig. 6. The pore volume distribution versus the radii for the copolymer No. 2 (A); and
copolymer No. 3 (B).
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Fig. 7. Contact-mode AFM imagines for the copolymer No. 2 (A); and copolymer No. 3
(B). Magn.x 135 000.
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Tab. 3. Swelling properties
Swellability coefficient, B (%)

Copolymer
No.

acetone

methanol

THF

dichloromethane

hexane

2
3

30
32

22
22

30
30

28
28

20
22

AFM. Differences in the surface texture of the studied polymers are shown in
Figure 7. In the photos by the atomic force microscope one can see that
copolymer No. 2 has more regular porous structure. For polymer No. 3 larger
pores are typical.
Thermogravimetric Analysis. Thermal resistances of copolymers Nos. 2 and 3
are almost the same. Their initial decomposition temperatures are noted at 260oC
while final decomposition temperature at 900oC. Both copolymers decompose in
two stages. The first stage of decomposition is observed in the range of
260-420oC, and the second stage takes place between 430-900oC.
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