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Two series of model amphiphilic polymer
conetworks were synthesized by group transfer
polymerization (GTP). The first one contained méthy
methacrylate (MMA) and the second one 2-butyl-Iybct
methacrylate (BOMA) as hydrophobic monomers.
Methacrylic acid (MAA) was used as the hydrophilic
monomer for both series. Network synthesis wasoperéd
by sequential monomer/cross-linker additions tomfor
conetworks in a wide range of compositions and
architectures. All conetwork precursors and theaetables
were characterized in organic solvents by gel patioe
chromatography andH NMR. The polymer conetworks
were investigated in terms of their degree of swgliin

chains, with broad length distributions between ¢hass-
linking points [3,4].

Two series of amphiphilic model conetwork were
synthesized by group transfer polymerization (GT#))
The hydrophilic monomer was methacrylic acid (MAA)
introduced via the polymerization of tetrahydropyia
methacrylate (THPMA) followed by the removal of the
protecting group by acid hydrolysis after the cHisking
reaction. The hydrophobic polymers were the glassy
poly(methyl methacrylate) (PMMA) and the rubbery
poly(2-butyl-1-octyl methacrylate) (PBOMA). The
resulting two conetwork series were characterized
gravimetically in terms of their swelling behavior water

aqueous media and in THF. The nanophase separatedand tetrahydrofuran (THF) over the whole range of

structure was proved by atomic force microscopy and

small-angle neutron scattering measurements for the

triblock copolymer model conetworks.
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Introduction

Amphiphilic polymer conetworks (APCN) [1-5] represe
an emerging class of soft materials. These speccds-
linked polymer systems have some unique propesies
great application potential. These materials cosepri
covalently bonded hydrophilic and hydrophobic podym
chains. Therefore, APCNs can swell in both aquean$
organic media, and may adsorb both polar and néer-po
solutes. For most of APCNs nanophase separatioar®cc
[4,5]. Possible applications of APCNs include uses
supports for enzymes, antifouling surfaces, madrice the
preparation of inorganic nanoparticles and for drug
delivery, scaffolds for tissue engineering and for
implantation and use in soft contact lenses [1\2del
conetworks are composed of polymer chains of well-
defined molecular weight and composition [1,5]. Mo$
the APCNs reported in the literature so far canhet
considered as model conetworks because they canpris
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ionization. The nanophase separation of both tinetegork
series was analyzed and proved by small-angle oreutr
scattering and atomic force microscopy.

Experimental

Conetwork FormationAll the conetworks in this
study were synthesized by GTP. The reactions wamgéed
out at room temperature under, Natmosphere. 1,4-
Bis(methoxytrimethylsiloxymethylene)cyclohexane
(MTSCH) and ethyleneglycol dimethacrylate (EGDMA)
were used as initiator and cross-linker, respelgtive
Network syntheses were performed by sequential
monomer/cross-linker additions. ABA triblock copigr-
based model conetwors were prepared with different
compositions, and two less ordered conetworks \aése
synthesized.

Gel Permeation Chromatography (GPC) ahd
NMR GPC and'H NMR were used to determine the
molecular weights (MWs) and compositions for alk th
conetwork precursors and the extractables.

Measurements of the Degree of Swelling (DS).
The polymer conetworks were characterized in teohs
their degree of swelling (DS) in aqueous mediaiantHF
over the whole range of ionization. The DSs were
calculated as the ratio of the swollen conetworkssna
divided by the dry conetwork mass.
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Figure 1. Effect of conetwork architecture on the degrees of swelling of the conetworks in water and in THF at their

uncharged and fully charged states.

Small-Angle Neutron Scattering (SAN®3JI the
(hydrolyzed and uncharged) conetworks of this stwdye
characterized using SANS in,0. SANS measurements
were performed on the 30 m NG7 instrument at thetéle
for Neutron Research of the NIST.

Atomic Force Microscopy (AFMAFM images of
the dried microtomed samples (hydrolyzed and urggdr
were recorded with a Nanoscope Il scanning probe
microscope from Digital Instruments.

Results and discussion

The first step for the preparation of block and
statistical copolymer-based model conetworks was th
synthesis of the corresponding linear copolymetb wiell-
defined chain length. The MW, molecular weight
distributions (MWD) and composition of these copoéyr
chains were investigated by GPC afd NMR. The
determined precursor MWs and compositions wereddan
be quite close to the expected values and the MWé&re
narrow.

The DSs in water and THF follow exactly the
opposite pH dependencies. In water, all the congdsvo
start to swell above pH 7 and the DS increases thithpH
due to the ionization of the weakly acidic MAA \)it
confirming the importance of electrostatics in dimgl In
THF, the conetworks showed the opposite behavior. |
particular, the DSs in THF decrease as the iomnadi the
MAA units in the conetworks increase. This is doethe
incompatibility of THF with the ionized MAA units.

The DSs of the two conetwork series in water and
in THF in the ionized and nonionized states of M&A
units strongly depend on composition. The compmsiti
dependence of the DSs can be interpreted accottimg
compatibility of the conetwork units. The MMA, the
BOMA and the uncharged MAA units were compatible
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with THF and not compatible with water. In the ull
charged states of the MAA segments in water, then@$
bearly depending on composition. For charged MAA in
THF, the conetworks produce low DSs.

Figure 1 displays on the effect of conetwork
architecture on the DSs. There is no significaretelence
of the DS on the architecture in the case of urggthMAA
units in either of the solvents because of the full
compatibility or incompatibility of the monomer asiwith
the solvent (as described before). For fully chdriypAA
units in water, the architecture had a significeufiuence
on the DSs. The architecture dependence of thecBSde
attributed to the different phase behavior of the triblock
copolymer-based model conetworks compared to tee le
ordered conetwork structures. In particular, thetistical
copolymer model conetwork swells more than the rothe
three types of conetworks because the randomlyitalised
solvated units drag along the nonsolvated unitscirig
them to contribute also to swelling. In the trilkoc
copolymer-based model conetworks, there is phase
separation, resulting in the shrinkage of one typblocks
(hydrophobic MMA and BOMA in water or NBIA ™ salt in
THF) and to lower DSs.

Figure 2 shows the SANS profiles of all the APCNS i
the uncharged state in,O. Figures 2a and 2c illustrate the
effect of conetwork composition, while Figures 2id&2d
present the effect of conetwork architecture. har MMA
series only the higher MAA-containing conetworkwsh
maxima indicating scattering domains. For theskldck
copolymer-based conetworks the average distanveebat
the scattering centers (asv@n.y) calculated to be in the
range of 8.5-9 nm.
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Figure 2. SANS profiles of APCNs in D,O in the uncharged state.

For the BOMA conetwork series all SANS profiles
exhibited single peaks, consistent with conetwork
nanophase separation. In particular, the spacitweaa the
scattering centers varied from 7.7 nm to 12.8 nrthadv,

of the linear copolymer precursors of the conetwork
increased. The absence of higher harmonics could be
attributed to the polydispersity of the scatteriognters
or/and to their short-range liquidlike order [7,8].

Figures 2b and 2d show the SANS profiles of the
four isomeric APCNs having different architecturbsthe
case of MMA series only the two triblock copolyreerd
the statistical copolymer model conetworks, whitethe
case of the BOMA series all scattering curves ekhib
maxima, manifesting the presence of scattering ecent
However, the peak of the randomly cross-linked ARG
very weak, possibly reflecting some correlationwssn
EGDMA cross-linker residues or BOMA unimolecular
micelles. The peaks of the three other APCNs waratéd
approximately at the same-values, suggesting similar
distances between the scattering centers of tlseseeric
APCNSs.

Figures 3a and 3b and Figures 4a and 4b display
AFM images for the equimolar triblock and statiatic
copolymer-based model APCNs. The images were
measured in phase mode, which distinguishes betivarh
(bright) and soft (dark) phases.
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The model conetwork based on the triblock
copolymer MAA-b-MMA 3-b-MAA 1o displays large
spherical domains of a size of 40 nm, while the MAéo-
MMA 3, copolymer based model conetwork exhibits smaller
and elongated domains of a broadly distributed giza
range of 4-20 nm with the average of some 10 nne Th
domain size of 40 nm in the former conetwork igéarthan
the characteristic size of 9 nm determined by SANSEs
indicates that the contrast difference betweerptieses is
not high enough to see distinguishable morphologig¢he
higher resolution. Note that both polymer phasesbaliow
their glass transition temperaturesig)( The SANS
measurements can give complementary information to
AFM. The domain size of 10 nm in the statistical
copolymer model conetwork corresponds to the EGDMA
cores, and this is in perfect agreement with theNSA
measurements.

The conetwork based on the triblock copolymer
MAA 1o-b-BOMA 1-b-MAA |4 (Figure 4a) presented large
and spherical domains of a size of approximatelynd0
(domain sizes ranged from 28 to 55 nm), whereaster
conetwork exhibited smaller and elongated domakesih
the case of MMA series conetworks (average 10 Aing.
domain size of 40 nm in the former conetwork igydar
again than the characteristic size (13 nm) detexchiny
SANS. Note that in the case of BOMA series one ipely
phase (the MAA) was below i,
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and (b) the statistical

The SANS measurements gave again complementary
information to AFM. The domain size of 10 nm in the
statistical copolymer model conetwork corresporashe
EGDMA cores and is in good agreement with the SANS
measurements (scattering center spacing of 12 nm).
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