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ABSTRACT: A novel class of amphiphilic conetworks
(APCNs), poly(N-vinylimidazole)-I-poly(tetrahydrofuran)
(PVIm-I-PTHF) (“I” stands for “linked by”), was prepared by
free radical copolymerization of telechelic PTHF dimethacry-
late macromonomer and N-vinylimidazole in ethanol as a
suitable cosolvent for all the components. Low amounts of
extractables were obtained indicating successful conetwork
formation. A series of transparent, macroscopically homoge-
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neous PVIm-I-PTHF conetworks with a wide composition range of 25—89 wt % PTHEF were prepared. Investigations by DSC
revealed the existence of two distinct glass transition temperatures (Ty) in the vicinity of the T, of homopolymers proving
microphase separation of PVIm and PTHF in these conetworks. Surprisingly, the crystallization of PTHF is strongly suppressed and
prevented at lower than 38 wt % PTHEF in the presence of the glassy, amorphous PVIm in these APCNs. The amphiphilic nature of
the PVIm-I-PTHF conetworks was proved by their uniform swelling in both nonpolar (tetrahydrofuran, carbon tetrachloride) and
polar solvents (water, methanol) in a broad composition range, indicating bicontinuous (cocontinuous) phase separation in these

novel, unique bicomponent polymeric materials.

1. INTRODUCTION

Imidazole and its derivatives play a crucial role in biomacro-
molecules of living organisms (e.g, in proteins and nucleic acids)
as well as in chemistry and in the chemical industry. For instance,
its applications range from catalysts and ionic liquids to pharma-
ceutical compounds and a variety of specialty chemicals. Synthetic
polymers with imidazole moieties, especially polymers contain-
ing vinylimidazole and benzimidazole, have recently received
significant interest in order to utilize the unique chemical properties
of the imidazole ring, e.g, as component in fuel cells’ and metal ion
complexing membranes,” gene delivery vectors,” electrophoresis
medium,”* ion imprinted matrices,” enzyme immobilization carrier,®
corrosion protective coatings,” polyampholyte microgels,® catalysts,”
and catalyst supports,'® etc. These recent examples clearly
indicate that poly(N-vinylimidazole) (PVIm) is a versatile poly-
mer, and it possesses a variety of unique properties and provides
several new application possibilities. Although conventionally
cross-linked PVIm has been prepared and studied in recent
years,"' ™' the structural and thus property variation and the
mechanical stability of such hydrogels are rather limited. Con-
sidering the recent rapid developments in the field of amphiphilic
conetworks,'®”* PVIm-based conetworks are expected to lead
to a number of novel materials with interesting structures and
properties. However, according to the best of our knowledge,
amphiphilic conetworks and gels with PVIm as the hydrophilic
component have not been reported yet.
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Amphiphilic conetworks (APCN)'®* belong to a rapidly
emerging class of novel nanophasic macromolecular systems.
A polymer conetwork in general consists of at least two different
polymer chains connected with chemical bonds to each other.
APCN:ss are specifically composed of chemically bonded, other-
wise immiscible hydrophilic and hydrophobic macromolecules.
Such a cross-linked macromolecular assembly, in which one of
the polymer chains serves as the cross-linker for the other
polymer, is depicted in Scheme 1. These materials are able to
swell in and interact with both hydrophilic and hydrophobic
solvents and materials, respectively. As a consequence, APCNs
behave as either specialty hydrogels or hydrophobic gels depend-
ing on the nature of the swelling medium.** It has also been
found by a variety of techniques, such as DSC, TEM, AFM,
SAXS, SANS, and solid-state NMR, that the polymeric compo-
nents form separated nanodomains in APCNs, 2!~ 23252846464
Over the past few years, special attention has been paid to
these novel unique materials due to their special nanostructures
and properties. As a consequence, wide ranges of potential
applications of APCNSs, such as controlled drug release
matrices,””3' 3* biomaterials,196’35’36 tissue engineering scaffolds, >
immunoisolation membranes,” contact lenses,***' pervaporation
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Scheme 1. Amphiphilic Conetwork (APCN) Structure
Consisting of Chemically Bonded Hydrophilic and
Hydrophobic Polymer Chains (Hydrophobic

Polymer Is Depicted as Cross-Linker)

— Hydrophilic polymer
~ Hydrophobic polymer
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membranes,”” antifouling surfaces,” " enzymatic catalysis sup-

ports,30 sensors,44 and nanoreactors or nanotemplates of nano-
hybrids,*"*° have already been investigated. Utilizing one of the
nanophases as nanoreactor has yielded novel nanohybrid materi-
als with nanocrystalline inorganic particles.”’ These examples
indicate that the unique properties of APCNs make them useful
in many different fields, such as medicine, optics, catalysis,
electronics, sensors, actuators, mechanics, etc.1o¥1%2

We have aimed at the synthesis of poly(N-vinylimidazole)-
l-poly(tetrahydrofuran) (PVIm--PTHF) (“I” stands for “linked by”)
APCNSs, that is, combining the hydrophilic PVIm with the
hydrophobic PTHEF in one single network structure, followed
by investigating the properties of the resulting new materials.
Methacrylate—telechelic poly(tetrahydrofuran) (PTHFDMA)
was selected as the hydrophobic macromolecular cross-linker.
Attempts for APCN synthesis by PTHFDMA in conjunction
with acrylic acid/amide,** ¢ methacrylic acid,*** and isopro-
pylacrylamide**® have recently been reported. The resulting
conetworks were characterized in terms of their swelling beha-
vior and thermal properties.*> On the other hand, PTHF is one of
the best biocompatible polymers*” with low immunogenicity
among the polymeric materials used in medical applications
nowadays. Thus, considering the advantageous and unique
properties of PVIm and PTHF, we have attempted to connect
these two macromolecules into amphiphilic conetwork struc-
tures. Herein, we report on the synthesis and characterization
of a series of new cross-linked macromolecular architectures,
PVIm-I-PTHF amphiphilic polymer conetworks.

2. EXPERIMENTAL SECTION

2.1. Materials. N-Vinylimidazole (VIm, Aldrich) was vacuum-
distilled from CaH, (95%, Aldrich) at 72 °C and kept under nitrogen
until used. Hydroxyl-ended poly(tetrahydrofuran) (Terathane 2000
polyether glycol, PTHF, average M, ~ 2000) was purchased from
Fluka. 2,2"-Azobis(2-methylpropionitrile) (AIBN, Aldrich) was recrys-
tallized from methanol before use. Triethylamine (Et;N, >=99.5%) and
methacryloyl chloride (MACI, >=97%) were purchased from Fluka and
were distilled under vacuum (Et;N room temperature, MACI
30—32 °C). Dichloromethane (DCM, 98%, Scharlau) was refluxed
over CaH, (95%, Aldrich) and freshly distilled before use. n-Hexane
(96%, Scharlau) was stored over concentrated H,SO, (Freak, Ltd.) and
then was passed through a basic aluminum oxide (99%, Aldrich) column
to remove the acidic impurities. Finally, it was refluxed over CaH, and

freshly distilled before use. Freshly distilled absolute ethanol and benzene
(Spektrum 3D) were used as solvents for the copolymerization and
homopolymerization, respectively. Methanol (99.97%, Spectrum 3D),
acetone (Molar Chemicals Ltd.), tetrahydrofuran (min. 99%, Spectrum
3D), and carbon tetrachloride (Chemolab Ltd.) were used as received.
Distilled and deionized water was used in experiments with water.

2.2. Preparation of PVIm Homopolymer. The PVIm homo-
polymer was synthesized by radical polymerization of N-vinylimidazole
(VIm) in benzene with AIBN as an initiator. The desired amount of
monomer (1.92 mL, 21.2 mmol) was dissolved in benzene, and then the
initiator stock solution (18.5 mg, 0.11 mmol) was added to the reaction
mixture. Oxygen was removed by a freeze—thaw process. The reaction
mixture in a glass reactor tube was kept in an oil bath under nitrogen with
constant stirring at 70 °C for a period of 48 h. Then the polymer was
dissolved in methanol (30 mL) and precipitated in acetone. The
precipitated polymer was filtered and dried first in air and then in
vacuum oven at 60 °C. The yield was 67%. The polymer was analyzed by
"H NMR spectroscopy.

2.3. Preparation of PVIm-/-PTHF Conetworks. First, the
macromolecular PTHFDMA cross-linker was prepared by reacting
o,w-dihydroxy poly(tetrahydrofuran) (PTHFDOH) with methacryloyl
chloride (synthesis details and analysis data of PTHFDMA are given in
the Supporting Information). The resulting methacrylate—telechelic
PTHF (PTHFDMA) was characterized by GPC (M, = 2170, M,,/M, = 1.65)
and by 'H NMR for end-group functionality (F, = 2.0). The
APCN samples were prepared by carrying out free radical copolymer-
ization of VIm using PTHFDMA as cross-linker and AIBN as initiator as
it is shown in Scheme 2. For the synthesis of APCNs, the desired
amounts of the cross-linking agent and comonomer of 1 g of total mass,
initiator stock solution, and common solvent, EtOH, were measured
into glass vials. The total volume of the solutions was 6 mL. Table 1
shows the applied ratios of the components. The AIBN concentration
was adjusted to the total concentration of the comonomers in order to
keep the [comonomer]/[AIBN]*® ratio constant at 0.988 value. The
reaction mixtures were homogenized, and the oxygen was removed by
nitrogen purging. The solutions were poured into Teflon molds in an
AtmosBag (Sigma-Aldrich) under a nitrogen atmosphere. Then the
molds were closed under nitrogen and kept in an oven at 65 °C for a
period of 3 days. Subsequently, the molds were cooled to room
temperature, and the solvent was evaporated, followed by drying the
conetworks under vacuum overnight. The resulting cross-linked poly-
mers were extracted with tetrahydrofuran (THF) and methanol
(MeOH) for 1 week with both solvents. The amounts of extractables
were determined gravimetrically by evaporating the solvents followed by
drying the residues to constant weight in vacuo. Finally, the extracted
conetworks were dried to constant weight under vacuum at 50 °C.

2.4. Methods. '"H NMR spectroscopy was used to obtain the
chemical composition and the purity of the monomers and polymers,
both commercial and synthesized, used in this research. '"H NMR
spectra were obtained on a Varian Unity INOVA spectrometer operat-
ing at "H frequency of 400 MHz. Samples were dissolved in appropriate
deuterated solvents (CDCl;, DHO). TMS at 0 ppm and CDCl; at 7.28
ppm were used as internal reference for 'H NMR.

The composition of the conetworks was determined by elemental
analysis with a Heraeus CHN-O-RAPID instrument. The chemical
compositions were calculated from the atomic percentages of carbon,
nitrogen, and hydrogen.

Mettler TGS0 instrument was used for differential scanning calorim-
etry (DSC) analysis to determine the glass transition temperatures of the
synthesized polymers. The midpoint of the specific heat increase in the
transition region during the second heating is reported as the glass
transition temperature (Tg). Programmed heating cycles from —120 to
200 °C were used at a heating rate of 10 °C/min under a nitrogen
atmosphere.
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Scheme 2. Formation of Poly(N-vinylimidazole)-I-Poly(tetrahydrofuran) (PVIm-I-PTHF) Conetwork by Radical Copolymeri-
zation of N-Vinylimidazole (VIm) with Telechelic Poly(tetrahydrofuran) Dimethacrylate (PTHFDMA) Macromonomer
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Table 1. Feed Ratios, Amounts of Extractables, Composition of the Conetworks and Average Molecular Weights (M,.) of PVIm in

the Conetworks

extractables (%)

sample code VIm/PTHF feed ratio (wt %) THF
V-25 80/20 13
V-38 70/30 14
V-47 60/40 1.1
V-59 50/50 12
V-74 40/60 14
V-89 30/70 2.8

methanol PVIm/PTHF in conetwork (wt %) M, of PVIm
9.2 75/25 3260
5.7 62/38 1770
4.5 53/47 1220
2.8 41/59 750
2.9 26/74 380
3.6 11/89 130

Swelling, that is solvent uptake ratios of the conetworks, was
determined gravimetrically in nonpolar (THF, CCl;) and polar
(MeOH, H,O) solvents. The experiments were carried out as follows:
the dried polymer samples were placed in the selected solvent at room
temperature and were left to swell until constant weight. The samples
were removed from the solvent at certain time intervals, wiped with a
filter paper and weighed, and then placed again in the solvent bath. The
equilibrium swelling ratios (Q) were obtained at constant weight and
calculated by the following relation

m — moy

Q =

mo

where m and m are the weights of the swollen and the dry conetworks,
respectively.

3. RESULTS AND DISCUSSION

Synthesis of PVIm-I-PTHF Conetworks. In order to obtain
conetworks between immiscible polymer chains by copolymer-
ization of a telechelic macromonomer and a low molecular
weight monomer, few basic requirements should be met in the
course of the synthetic process.>* First, the macromonomer
should copolymerize with the monomer; that is, the copolymer-
ization reactivity ratios should allow efficient copolymerization.
Second, the kinetic chain length of the polymer formed from the
low molecular weight monomer should be long enough for the
incorporation of at least two cross-linking macromonomers.
Third, and most importantly, phase separation between the
components of such polymerization systems should be avoided
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during the conetwork preparation. Taking into account these
requirements, the radical copolymerization of N-vinylimidazole
(VIm) with PTHFDMA was carried out as shown in Scheme 2 by
using various feed ratios in ethanol, a cosolvent for VIm, PVIm,
and PTHEF, at 65 °C with AIBN as initiator under a nitrogen
atmosphere (see Table 1 for feed amounts). The control of
the composition of the conetworks was attempted by varying
the feed ratios of the VIm monomer and the macromolecular
PTHFDMA cross-linker. Feed compositions with 30 to 80 wt %
of cross-linker were copolymerized. After terminating the copo-
lymerization by cooling to room temperature and opening the
molds, gelation was observed in every case, indicating network
formation. In order to determine the efficiency of the curing
reaction, all the resulting materials were extracted with THF and
subsequently with methanol for removing the unreacted hydro-
phobic PTHF and the hydrophilic VIm and PVIm, respec-
tively, which did not incorporate into the conetworks. As
shown in Table 1, the amounts of extractables are in the range
of 4—10.5%. These low extractable values convincingly in-
dicate successful conetwork formation by the applied process.
As exhibited in Figure 1, transparent, macroscopically homo-
geneous samples were obtained in all cases. This means that
macroscopic phase separation of the immiscible components,
leading to opaque materials, is prevented by the covalent
bonds between the hydrophilic and hydrophobic polymer
chains in the conetworks.

As shown in Table 1, considerable deviations exist between the
feed ratios and the composition of the resulting PVIm-/-PTHF
conetworks, especially at lower VIm contents in the feed (for the

dx.doi.org/10.1021/ma200700m |Macromolecules 2011, 44, 4496-4502
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Figure 1. Transparent dry (left) and water swollen (right) poly(N-
vinylimidazole)-I-poly(tetrahydrofuran) conetworks (sample V-47 in
Table 1).
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Figure 2. Composition of the PVIm-I-PTHF conetwork series: N-
vinylimidazole (VIm) content in the conetworks as a function of the
relative amount of VIm in the feed. The solid line represents 1:1 feed/
conetwork composition.

sample codes in this table, V stands for the VIm component,
while the numbers indicate the wt % PTHF content in the
conetworks after extraction). The differences between feed ratios
and conetwork compositions are better illustrated in Figure 2
displaying the relative amounts of PVIm in the conetworks as a
function of the VIm content in the feed. The higher the amount
of VIm in the feed, the closer the VIm content in the conetworks
to the feed ratios. Taking into account that the reactivity ratios in
the VIm/ethyl methacrylate (EMA) radical copolymerization*®
were found to be r; = 0.35 and r, = 3.47, nearly random
copolymerization can be expected in the VIm/PTHFDMA
system, on the one hand. However, due to the lower reactivity
of VIm in this copolymerization, the resulting copolymers, the
conetworks in our case, should contain less VIm than that in the
feed. At higher VIm contents in the feed, the difference between
the feed and conetwork compositions becomes smaller. This can
be explained by the effect of the molecular weight, concentration,
and viscosity of the macromonomer on the reactivity ratios.
According to the findings by Miiller et al,*”® the apparent
reactivity of the macromonomers decreases with the increasing
molecular weight, concentration, and viscosity. Thus, the de-
creased reactivity of the PTHFDMA macromonomer compared
to its low molecular weight counterparts, such as EMA, leads to
higher VIm content in the conetworks than that expected on the
basis of the reactivity ratios of the VIm/EMA copolymerization.
This means that the physical effects on the apparent reactivity of
the macromonomer in cases when the reactivity of its polymer-
izing group is higher than that of the comonomer are advanta-
geous to obtain conetwork compositions closer to feed ratios.
The higher deviations at high macromonomer concentrations,
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Figure 3. Differential scanning calorimetry thermograms (second scan)
of PVIm-I-PTHF conetworks, poly(N-vinylimidazole) (PVIm), and
poly(tetrahydrofuran) dimethacrylate (PTHFDMA).

like for samples with 74 and 89 wt % of macromonomer, can be due to
imperfect copolymerization caused by the high viscosity of the feed.
The average molecular weights of the hydrophilic PVIm
segments between two cross-linking points (M) in the conet-
works were calculated by the following formula®*
WPVim

M, = 0.5

Mprhr
WPTHF

where Wpyim, Wprhar, and Mpryr stand for weight fraction of
PVIm, the weight fraction of PTHF, and the number-average
molecular weight of PTHFDMA, respectively. This estimation of
M. of PVIm in the conetworks does not consider loops or loose
ends. As to lose ends, previous studies®* indicate negligible
unreacted bismacromonomer cross-linker in the conetworks at
high conversions; thus, complete incorporation of the bismacro-
monomer cross-linker in the extracted conetworks was taken into
account for M, calculation. On the other hand, it is an interesting
structural aspect of these and similar conetworks that the M, for
the macromolecular cross-linker, that is, for PTHF in this case, is
constant (2170 g/mol) in all the PVIm-I-PTHF conetworks. As
given in Table 1, the M. of PVIm changes from 130 to 3250 in the
PVIm-I-PTHF conetworks. Obviously, the low M, values for
samples with 74 and 89 wt % PTHF reflect the high PTHF
content and indicate that macromonomer coupling also occurs in
these conetworks connected to relatively short PVIm segments.

DSC Analysis. In order to obtain information on the mis-
cibility of components in the transparent PVIm-I-PTHF conet-
works, DSC measurements were carried out. Figure 3 shows the
DSC thermograms of the PVIm-I-PTHF series with varying
compositions and of the homopolymers of PVIm and PTHF as
well. The PTHF homopolymer has a glass transition temperature
(Ty) at —87 °C and a melting peak at 25 °C due to the
semicrystallinity of this homopolymer. The T, of PVIm can be
found at 171 °C. The DSC curves of all the PVIm-I-PTHF

4499 dx.doi.org/10.1021/ma200700m |[Macromolecules 2011, 44, 4496-4502
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Figure 4. Glass transition temperature (Tg) values of PVIm-I-PTHF
conetworks as a function of composition. The red line represents the T,
of the PTHFDMA macromonomer, and the blue line displays the T, of
the PVIm homopolymer.
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Figure 5. Melting point (T,,) and the extent of crystalline content (X)
of poly(tetrahydrofuran) as a function of the relative amount of PTHF in
the PVIm-I-PTHF conetworks.

conetwork samples exhibit two distinct glass transitions: one in
the region of the T, of PTHF and another one at around the T, of
PVIm. These findings clearly indicate that the two components,
PVIm and PTHEF, form separate domains in the PVIm-[-PTHF
conetworks. This means that these conetworks can be consid-
ered as chemically forced blends between the immiscible PVIm
and PTHF polymer chains, on the one hand. However, macro-
scopic phase separation is prevented due to the strong covalent
bonds between these chains, on the other hand. The T, values as
a function of PTHF content are depicted in Figure 4. In this
figure, an interesting tendency can be observed for the variation
of Tgs with composition. The T, of PVIm decreases, whereas the
T, of PTHF increases with increasing PTHF content in the
conetworks. For PVIm, the T, change is quite significant. It is
127 °C at 74 wt % PTHF, instead of 171 °C found for the PVIm
homopolymer and conetworks with 25 and 38 wt % PTHF
content. This indicates that PTHF has some plasticizing effect on
PVIm at higher PTHF/PVIm ratios in these conetworks.
Although the T, increase of ~11 °C for PTHF at higher PTHF
contents is not as high as the T, change for PVIm, it is rather
unexpected. The opposite tendency would be expected in case of
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Figure 6. Equilibrium swelling ratios (Q) of the PVIm-I-PTHF conet-
works as a function of the PTHF content in different nonpolar and polar
solvents.

some extent of miscibility; ie., higher T, of PTHF in the
conetworks should be observed at lower PTHF contents than
that of the homopolymer.

The DSC curves in Figure 3 reveal another interestin
phenomenon as well. Since PTHF is a semicrystalline polymer,”
a melting peak at 26.6 °C is observed in the DSC scan of
PTHFDMA. The formation of PTHF microcrystals was also
expected to occur in the PVIm-I-PTHF conetworks. Indeed, the
DSC thermograms (Figure 3) show exothermic peaks in the
range of ~—40 °C, indicating crystallization and endotherms of
melting for conetworks with relatively high PTHF contents.
However, as shown in Figures 3 and S, the melting temperatures
(T,,) of PTHEF are lower in the PVIm-I-PTHF conetworks than
that of the homopolymer PTHF. The presence of just 11 wt % of
PVIm decreases T, of PTHF from 26.6 to 17 °C, and further T,,
decrease takes place with increasing PVIm content, on the one
hand. It can also be seen in Figure 3 that the height of melting
peaks also decreases with the decreasing relative amounts of
PTHEF in the conetworks, and crystallinity cannot be observed in
PVIm-[-PTHF samples with 25 and 38 wt % PTHF, on the other
hand. Evaluation of the melting data shows that the crystalline
ratio of PTHF (with 167 J/g enthalpy of melting”" and normal-
ized to the relative PTHF content) is also decreasing with
decreasing PTHF content in the conetworks (Figure $).
A significant decrease of the crystalline phase, ie., from 50%
for PTHFDMA homopolymer to 15% for the conetwork sample
with 89 wt % PTHF, was found followed by decreasing crystal-
linity with increasing PVIm content in the conetworks. These
findings allow concluding that the crystallinity of PTHF is
significantly suppressed in the PVIm-I-PTHF conetworks, and
both the melting temperatures and the extent of crystallinity are
composition dependent. The crystallization of PTHF is even
completely prevented at lower than 38% PTHF content. Similar
diminishing of the PTHF’s melting peak was observed by Du
Prez et al." for poly(N-isopropylacrylamide)-/-poly(tetrahydro-
furan) conetworks. Suppression of crystallization of poly(ethylene
glycol) (PEG) was also reported for PEG—polyisobutylene
conetworks.'” These results, that is, the significant decrease or
lack of crystalline phases and the melting point suppression of
PTHE in the PVIm-I-PTHF conetworks, might be important for
applications in which crystalline phases are undesired in PTHF
containing polymer products.

4500 dx.doi.org/10.1021/ma200700m |[Macromolecules 2011, 44, 4496-4502
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Hydrophilic and Hydrophobic Swelling: Hydrogel or
Hydrophobic Gel as One Material. Swelling studies of the PVIm-
I-PTHF conetworks were performed in nonpolar and polar
solvents. It was found that transparent gels were formed by
swelling in all cases (Figure 1); that is, the swelling process does
not lead to large, scattering domains to make the materials
opaque. In particular, the equilibrium swelling ratios (Q) were
determined in carbon tetrachloride, tetrahydrofuran, methanol,
and water. Figure 6 displays the swelling ratios in these solvents
as a function of the hydrophobic PTHF content of the conet-
works. The results of the swelling experiments in Figure 6
unequivocally show that the PVIm-I-PTHF conetworks are able
to swell in both hydrophilic and hydrophobic solvents. This
means that these materials behave as hydrogels in water and in
other polar solvents and as hydrophobic gels in nonpolar
solvents. In other words, the PVIm-I-PTHF conetworks indeed
possess amphiphilic character. In water, only the hydrophilic
PVIm phases are able to swell, while the hydrophobic PTHF
phases of the conetworks interact with nonpolar solvents, such as
carbon tetrachloride and tetrahydrofuran. In common solvents
for both components, such as in methanol, both phases are able
to swell. As a consequence, higher Q values are obtained in
methanol than that in the other solvents as shown in Figure 6. It s
also exhibited in this figure that the equilibrium swelling ratios
strongly depend on composition. Higher the hydrophobic PTHF
content, higher the Q values in hydrophobic carbon tetrachloride
and tetrahydrofuran. This observation is the consequence of the
increase of the PTHF content in the conetworks, and this cannot
be related to the changes in the M. of PTHF because it is a
constant value of 2170 g/mol for all the investigated conetworks
as presented in Scheme 2. An opposite tendency is observed for
polar solvents, i.e., water and methanol. The higher the hydro-
phobic content, the lower the swelling ratios in polar solvents. It
is also noteworthy that relatively high equilibrium swelling ratios
are observed, that is, up to ~800% in methanol, ~370% in water,
and ~500% in carbon tetrachloride and tetrahydrofuran. It has to
be noted that further evaluation of the results of these swelling
experiments is rather limited due to the fact that according to our
knowledge realistic theoretical approaches for such three-com-
ponent swollen polymer conetwork gel systems with liquid,
swollen, and nonmiscible (nonswollen) polymeric phases do
not exist at the present time.

The uniform swelling of both components, especially in the
range of ~40—70 wt % PTHF content, in both polar and
nonpolar solvents indicates that cocontinuous (bicontinuous)
phase morphology exists in the PVIm-I-PTHF amphiphilic
conetworks. Such broad composition window for uniform swel-
ling in both kinds of solvents can be utilized for a variety of
applications, for instance, by loading either the hydrophilic or the
hydrophobic phases with desired compounds.

4. CONCLUSION

A series of novel poly( N-vinylimidazole)-I-poly(tetrahydrofuran)
(PVIm-I-PTHF) amphiphilic conetworks were successfully synthe-
sized by free radical copolymerization of methacrylate—telechelic
PTHF macromonomer with VIm comonomer in ethanol, a
common solvent for all the components. The composition of
the APCNs was varied between 25 and 89 wt % of PTHF by
changing the ratio of the hydrophobic macromonomer and the
hydrophilic comonomer in these copolymerizations. Low
amounts of extractables were obtained indicating high extent of

PVIm-I-PTHF conetwork formation. DSC analysis revealed that
these new, transparent materials exhibit two distinct glass transi-
tions in the range of the corresponding homopolymers. This
allows to conclude the existence of phase separation in these
conetworks. Thus, these new macromolecular conetwork assem-
blies can be viewed as molecularly forced blends between otherwise
immiscible polymers. It was also found that the crystallization
ability of the PTHF phase is strongly suppressed, and it is
composition dependent. It is even completely diminished below
40 wt % PTHF content.

The hydrophilic and hydrophobic swelling behavior of the
PVIm-I-PTHF conetworks, i.e,, the amphiphilic nature of these
new materials, was demonstrated by swelling in tetrahydrofuran
and carbon tetrachloride as nonpolar solvents and in water and
methanol as polar solvents. It was found that the equilibrium
swelling ratios depend on the nature of the solvent and conet-
work composition. The higher the hydrophobic content, the
higher the swelling ratio in nonpolar solvents. In contrast, higher
PTHEF content results in lower hydrophilic swelling. It has to be
emphasized that uniform swelling of high extent was observed in
both kinds of solvents in a broad composition range, indicating
bicontinuous (cocontinuous) microphase-separated structure in
these bicomponent novel amphiphilic macromolecular architec-
tures. In fact, one single material, i.e., the PVIm-I-PTHF conetwork,
behaves as either a hydrogel or a hydrophobic gel depending on
the nature of the philicity of the medium. This opens up a
plethora of application opportunities ranging from medical fields
to novel nanomaterials.

B ASSOCIATED CONTENT

© Supporting Information. Detailed synthetic procedure
for the preparation of poly(tetrahydrofuran) dimethacrylate and
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