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Novel Routes to Functional (Meso)Porous Cross-
Linked Polymers Using (Semi-)Interpenetrating
Polymer Networks as Nanostructured Precursors

Daniel Grande,*" Isabelle Beurroies,” Renaud Denoyel2

Summary: Semi-interpenetrating polymer network (semi-IPN) and IPN systems based
on poly(D,L-lactide) and a functional vinylic polymer can be effectively used as
nanostructured precursors to novel functionalized (meso)porous networks. Indeed,
the extraction of uncross-linked oligoesters from semi-IPNs as well as the quanti-
tative hydrolysis of the polyester sub-network associated with semi-hydrolyzable
IPNs constitute straightforward and versatile strategies for engineering (meso)porous
cross-linked polymers with miscellaneous functionalities. The versatility of both
complementary routes was illustrated through the generation of methacrylic porous
networks with acidic (COOH, SO,H) functions as well as styrenic porous networks
with acidic (COOH, SO;H) or basic (pyridine) functions. The potentialities afforded by
the two approaches were discussed, and more particularly the porous networks
derived therefrom were characterized by several physico-chemical techniques.

Keywords: aliphatic polyesters; extraction; hydrolysis; (meso)porous polymers;
(semi-)interpenetrating polymer networks (IPNs)

Introduction

Over the last decades, much attention has
been paid to the design of porous materials
as they are involved in a wide range of
applications, e.g. nanofiltration and separa-
tion membranes, monoliths for chromato-
graphic techniques, size/shape-selective
nanoreactors as well as catalytic supports.m
Organic porous materials have unique
properties over their inorganic nanostruc-
tured analogues, such as tunable mechan-
ical properties, ease of functionalization,
and lower production cost. The design of
mesoporous polymeric materials with con-
trolled morphology is not a trivial task.[*! In
this context, the preparation of ordered
nanoporous polymers through the selective
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degradation of one block from self-organized
block copolymers has well been established
by many groups.m In contrast, the use of
(semi-)interpenetrating polymer networks
(IPNs) as nanostructured precursors to
(meso)porous polymer networks has been
put forward only by a handful of research
groups.[*!

IPNs represent an intimate association
of two independently cross-linked poly-
mers, at least one of which is synthesized in
the immediate presence of the other.l”! Due
to their peculiar interlocking framework,
they have been the subject of widespread
interest after it was discovered that they
may develop microphase-separated co-con-
tinuous morphologies. It is noteworthy that
if one of the sub-networks is degradable
under specific conditions, and the other one
is stable under identical conditions, (meso)-
porous networks can be designed from such
IPNs by resorting to selective degradation
methods. In this regard, IPN systems based
on a hydrolyzable polyester, such as poly
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(D,L-lactide) (PLA), and a vinylic polymer
containing a non-hydrolyzable skeleton can
be considered as appropriate precursors.
In continuation of recent systematic stu-
dies on the generation of (meso)porous
polymer networks from PLA/poly(methyl
methacrylate) (PMMA) (semi-)IPNs from
one of us,[S] this report is concerned with the
synthesis and characterization of functiona-
lized porous frameworks engineered from
miscellaneous functional (semi-)IPNs based
on PLA and either methacrylic copolymers
with acidic (COOH, SO;H) functions or
styrenic partners containing acidic (COOH,
SO3H) as well as basic (pyridine) functions.

Experimental Part

Materials

Dihydroxy-telechelic PLA (M, ("H NMR)=
1,700 gmol*; My /M, (SEC)=1.2) was syn-
thesized by ring-opening polymerization of
D,L-lactide initiated by the ethylene glycol/
tin (II) octanoate system, as reported else-
where.”l 4.4 47- -triisocyanato- tnphenylmet-
hane (Desmodur® RU 1.25mol L ™" in dich-
loromethane solution) was provided by
Bayer. Dibutyltin dilaurate (DBTDL, Fluka)
was used as received. Methyl methacrylate
(MMA), methacrylic acid (Figure 1, MAA),
styrene (S), 4-vinyl pyridine (Figure 1,4 VP),
and para-divinyl benzene (DVB) were
purchased from Aldrich and distilled under
vacuum prior to use. 4-vinylbenzoic acid
(Figure 1, 4VBA, Alfa Aesar) and diur-
ethane dimethacrylate (DUDMA, Aldrich)

were used as received. Tetra-n-butyl ammo-
nium 2-acrylamido 2-methyl propane 1-sulf-
onate (Figure 1, AMPS") and tetra-n-butyl
ammonium styrene 4-sulfonate (Figure 1,
SS*) were prepared by classical ion-exchange
reactions from 2-acrylamido 2-methyl pro-
pane 1-sulfonic acid (Fluka) and sodium
styrene 4-sulfonate (Alfa Aesar), respecti-
vely. AIBN (Merck) was purified by recrys-
tallization in methanol.

Preparation of Functional Semi-IPNs

PLA-containing methacrylic semi-IPNs
were prepared by bulk free-radical copo-
lymerization of MMA with DUDMA and/
or MAA or AMPS”, initiated by AIBN, in
the presence of PLA oligomer. The homo-
geneous initial mixture was introduced into
a2 mm-thick mould, heated to 65 °C for 2 h,
and then cured at 110 °C for 2 h. Similarly,
styrenic semi-IPNs were prepared by bulk
free-radical copolymerization of S with
DVB and/or 4VP or 4VBA or SS7, in the
presence of the oligoester. In all instances,
the initial AIBN concentration was kept
constant at 2 mol % with respect to the total
initial vinylic group concentration.

Extraction of PLA from Semi-IPNs
PLA-containing semi-IPNs were extracted
for 24h at 40°C in a Soxhlet apparatus
with dichloromethane (solvent reflux). The
recovered sol fractions and extracted net-
works were dried under vacuum prior to
further analyses. The amounts of sol fract-
ions were calculated as the mass percen-
tages of the extractables.
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Figure 1.
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Functional (meth)acrylic and styrenic monomers used for the synthesis of the corresponding semi-IPN and IPN

systems.
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Synthesis of Functional IPNs

IPNs composed of PLA and functional
vinylic sub-networks were synthesized by
the so-called in-situ sequential method,[8]
following a procedure detailed in a previous
report on PLA/PMMA -based systems.'>"!

Hydrolysis of PLA Sub-Network in IPNs
PLA-based IPNs were immersed in a mix-
ture containing methanol and a 0.5mol L™!
NaOH aqueous solution (H,O/MeOH =
60/40vol %) at 65 °C. After 48 h, the react-
ion medium was neutralized by a 0.1 mol L™
HCI solution, and the residual networks
were rinsed abundantly with distilled water
up to neutral pH. For each network, the
fractional mass loss (Am) was assessed as
follows: Am = (mg — mq) / mo, where my and
mq stand for the initial mass of the sample
and its residual mass after vacuum drying,
respectively.

Instrumentation

'H NMR spectra were run using a Bruker
AC 200 NMR spectrometer operating at a
resonance frequency of 200 MHz. The size
exclusion chromatography (SEC) equip-
ment comprised a Spectra Physics P100
pump, two PL gel 5 pm mixed-C columns
(Polymer Laboratories), and a Shodex RI
71 refractive index detector. The eluent
was tetrahydrofuran (THF) at a flow rate of
1 mL min~'; the calibration was performed
using polystyrene (PS) standards. Fourier
transform infra-red (FTIR) spectra were
recorded between 4000 and 450cm ™! on a
Bruker Tensor 27 DTGS spectrophotome-
ter in attenuated total reflection (ATR)
mode. Glass transition temperature (7,)
and thermoporosimetry analyses were per-
formed by differential scanning calorimetry
(DSC) using a TA Instruments 2010 calori-
meter. The scans were run from —50 to
250 °C for T, analyses and from —50 to 5°C
for thermoporosimetry, at a heating rate of
20 and 1°Cmin "}, respectively.[S] Scanning
electron microscopy (SEM) analyses were
performed using a LEO 1530 microscope
equipped with a high-vacuum (10~'°mm
Hg) Gemini column. The accelerating
tensions ranged from 1 to 5kV. Prior to

Copyright © 2010 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

analyses, the samples were cryo-fractured
and coated with a Pd/Au alloy (4nm) in a
Cressington 208 HR sputter-coater. The
specific surface area values were quantified
by nitrogen sorption porosimetry at 77K
using a Micromeritics ASAP 2010 gas
adsorption instrument, and the data were
exploited using the BET method in the
relative pressure (P/P’) range from 0.05
to 0.3.

Results and Discussion

Design of Functional Porous Networks
from Semi-IPNs
Miscellaneous semi-IPN systems composed
of uncross-linked PLA sub-chains entra-
pped in vinylic sub-networks bearing var-
ious functionalities were prepared by bulk
free-radical copolymerization of mono-
functional comonomers and a divinylic
cross-linker, in the presence of PLA olig-
omers. The experimental conditions emp-
loyed were identical to those previously
used for similar systems, namely an AIBN-
initiated cross-linking reaction at 65 °C for
2h, followed by a 2h curing process at
110°C to ensure completion.>® The
incorporation of all vinylic comonomers
within the network structures was checked
by FTIR through the total disappearance of
the C=C stretching bands around 1640 cm™".
Functionalized porous polymer net-
works were readily generated by mere
extraction of un-cross-linked PLA oligo-
mers from the corresponding PLA-contain-
ing semi-IPNs (Figure 2). Such an extrac-
tion was effected using a good solvent for
PLA at 40°C, namely a temperature far
below the T, values of the methacrylic or
the styrenic networks (i.e. 100-160°C) to
avoid the potential collapse of their result-
ing porous structures./’ Regardless of the
PLA composition, the nature, composition
and cross-link density of the vinylic partner,
the oligoester extraction was quantitative in
all instances, as indicated by sol fractions
close to the initial PLA compositions. The
latter assertion was confirmed by the total
disappearance of the characteristic bands of
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Figure 2.

1

Preparation of functional porous vinylic networks from semi-IPNs.

PLA (C=0 and C-O stretching bands at
1745 and 1185cm™', respectively) in the
FTIR spectra of the residual networks. The
COOH functionality was evidenced by
FTIR with the presence of stretching bands
due to free and hydrogen-bonded OH
groups around 3550 and 2600 cm ', respec-
tively.l'”) In the case of SO5(H)-functiona-
lized networks, strong absorption bands
were generally detected at 1260-1050 cm ™!
and weak bands at 1050-1000cm " due to
the asymmetric and symmetric stretching of
SO; groups.[w] The pyridine functionality
was evidenced with the presence of the
C=N stretching band around 1595 cm~'.11%

The morphology of semi-IPNs, before
and after extraction, was examined using
SEM. The non-extracted samples exhibited
compact and non-porous structures. In
sharp contrast, the micrographs of extrac-
ted semi-IPNs revealed highly porous
structures with the pore sizes dependent
on the structural parameters used (Figure 3a
as an example, Tables 1 and 2).

Figure 3.

We also determined pore sizes by ther-
moporosimetry through DSC measure-
ments using water as the penetrant solvent.
Thermoporosimetry is a quantitative and
sensitive technique allowing for a reliable
determination of pore size distributions in a
wide array of (meso)porous materials,
provided pore diameters are smaller than
200-300 nm.""! As a matter of fact, from the
melting thermograms of water contained in
the porous networks, the melting tem-
perature depression (T, — Tmo) could be
correlated to the pore diameter (Dp) as
follows:"! D, =2.[0.68 —32.33 / (T — Timo) ],
where Ty, and Ty, are the melting tem-
peratures of confined and bulk water, res-
pectively. The pore diameter ranges thus
obtained are listed in Tables 1 and 2; an
example of pore size distribution is pre-
sented in Figure 3b. Overall, the results
determined by SEM and DSC-based ther-
moporosimetry were in reasonable agree-
ment to each other. Both analyses turned
out to be complementary as SEM was more

b)
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(@) SEM micrograph of porous network derived from a methacrylic semi-IPN (see Table 1, entry 6 for
characteristics), and (b) corresponding pore size distribution profile as determined by DSC-based thermo-

porosimetry.
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Table 1.
Pore diameters of methacrylic porous networks derived from corresponding semi-IPNs as determined by SEM
and DSC-based thermoporosimetry.

entry methacrylic semi-IPN precursor D, (nm) SEM D, (nm) DSC

1 PLA/poly(MMA-co-MAA) 25/75 wt % 50 — 450 20 — 200"
(MMA/MAA = 50/50 mol %, 1mol % DUDMA)

2 PLA/poly(MMA-co-MAA) 50/50 wt % 75 — 475 50 — 300"
(MMA/MAA = 50/50 mol %, 1mol % DUDMA)

3 PLA/poly(MMA-co-MAA) 50/50 wt % 150 — 600 -
(MMA/MAA =50/50 mol %, 10 mol % DUDMA)

4 PLA/polyMAA 50/50 wt % 50 — 400 20 — 200"
(MMA/MAA:0/100 mol %, 1mol % DUDMA)

5 PLA/poly(MMA-co-AMPS”) 25/75wt % 40 —175 20 — 150
(MMA/AMPS* = 95/5mol %, 1mol % DUDMA)

6 PLA/poly(MMA-co-AMPS®) 50/50 wt % 25— 200 30 — 200
(MMA/AMPS* = 99/1mol %, 1mol % DUDMA)

7 PLA/poly(MMA-co-AMPS™) 50/50 wt % 15 — 200 20 —180
(MMA/AMPS™ = 95/5 mol %, 1mol % DUDMA)

8 PLA/poly(MMA-co-AMPS®) 50/50 wt % 50 — 250 20 — 200

(MMA/AMPS* = 95/5 mol %, 5mol % DUDMA)

7Lthermoporosimetry permitted determination of pore diameters up to 200-300 nm. For larger pore sizes, the
melting peaks of “confined” and bulk water were not resolved: “confined” water behaved as a bulk solvent.

appropriate to characterize the larger pore Preliminary analyses by N, sorption
sizes (Dp>200nm), while thermoporosi- porosimetry allowed for the determination
metry was more accurate to determine the of specific surface areas, thus providing
smaller pore diameters (D, <200nm). values between 5 and 50m?*g .

Table 2.
Pore diameters of styrenic porous networks derived from corresponding semi-IPNs as determined by SEM and
DSC-based thermoporosimetry.

entry styrenic semi-IPN precursor D, (nm) SEM D, (nm) DSC

9 PLA/poly(S-co-4VBA) 25/75 wt % 10 — 210 15 — 200
(S/4VBA =95/5mol %, 1mol % DVB)

10 PLA/poly(S-co-4VBA) 50/50 wt % 10 — 290 30 — 300
(S/4VBA =99/1mol %, 1mol % DVB)

n PLA/poly(S-co-4VBA) 50/50 wt % 10 — 300 15— 200
(S/4VBA = 95/5 mol %, 1mol % DVB)

12 PLA/poly(S-co-4VBA) 50/50 wt % 10 — 350 15 — 270
(S/4VBA =95/5 mol %, 5mol % DVB)

13 PLA/poly(S-co-SS™) 25/75wt % 25 — 65 20 —70
(MMA/SS* = 95/5 mol %, 1mol % DVB)

14 PLA/poly(S-co-SS*) 50/50 wt % 20 — 140 20 — 100
(MMA/SS* = 99/1mol %, 1mol % DVB)

15 PLA/poly(MMA-co-SS™) 50/50 wt % 30 —100 25 —70
(MMA/SS* = 95/5 mol %, 1mol % DVB)

16 PLA/poly(MMA-co-SS*) 50/50 wt % 30 — 120 30 — 80
(MMA/SS™ = 95/5 mol %, 5 mol % DVB)

17 PLA/poly(S-co-4VP) 25/75 wt % 50 — 125 20 — 150
(S/4VP =50/50 mol %, 1mol % DVB)

18 PLA/poly(S-co-4VP) 50/50 wt % 50 — 250 20 — 250
(S/4VP =50/50 mol %, 1mol % DVB)

19 PLA/poly(S-co-4VP) 50/50 wt % 70 — 500 20 — 200"
(S/4VP =50/50 mol %, 10 mol % DVB)

20 PLA/poly4VP 50/50 wt % 50 — 500 20 — 300"

(S/4VP =0/100 mol %, 1mol % DVB)

Tthermoporosimetry permitted determination of pore diameters up to 200-300 nm. For larger pore sizes, the
melting peaks of “confined” and bulk water were not resolved: “confined” water behaved as a bulk solvent.
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Design of Functional (Meso)Porous

Networks from IPNs

Various IPNs constituted of PLA and
methacrylic sub-networks were synthesized
by the in-situ sequential method, i.e. by
mixing all the precursors homogeneously,
and then forming both networks via two
successive and non-interfering cross-linking
processes.°®®1 Hence, the PLA sub-net-
work was first generated at room tempera-
ture for 20 h from the dihydroxy-telechelic
PLA oligomer through a DBTDL-cata-
lyzed end-linking reaction with Desmo-
dur™ RU as a triisocyanate cross-linker.
Subsequently, the methacrylic sub-network
was created at 65°C by AIBN-initiated
copolymerization of MMA with DUDMA
and/or MAA or AMPS” (2h), and finally
cured at 110°C for 2 h (Figure 4). Styrenic
IPNs were synthesized in a similar way
using S and/or 4VP or 4VBA or SS* as
vinylic comonomers and DVB as a cross-
linker for the second sub-network formed.
In all instances, the [NCO]y/[OH], and the
[DBTDL]y/[PLA]y initial ratios were equal
to 1.4 and 0.44 respectively, in order to
attain the higher conversion for the PLA
sub-network formation.!*"!

All IPN samples were first subjected to a
dichloromethane extraction for 24h at
40°C, and the values of sol fractions were
lower than 10 wt %, indicating a near com-
pletion of the cross-linking processes. It is
noteworthy that IPNs were transparent,
before and after extraction, strongly sug-
gesting good chain interpenetration of both
constitutive sub-networks, and microdomain

' o,o-dlOHPLA ® monofunctional comonomers

0 triisocyanate

o divinylic cross-linker

functional(meso)porous

vinylic network

Figure 4.

sizes smaller than about 150-200 nm, acc-
ording to Okay.["?!

Advantage of the well-known hydrolytic
degradability of PLA was taken to engineer
functionalized (meso)porous networks with
narrow pore size distributions through the
hydrolysis of the PLA sub-network asso-
ciated with partially hydrolyzable IPNs. As
specified in Figure 4, this degradation was
conducted at 65°C using a mixture of a
NaOH aqueous solution and methanol.
The hydrolysis was performed at an inter-
mediate temperature between the T, of
PLA sub-network (i.e. 20-45°C) and those
of vinylic sub-networks (i.e. around 100-
160 °C) to avoid the collapse of the residual
porous structures, while allowing for an
efficient degradation of PLA.

All IPN samples and the corresponding
single networks as model systems were
subjected to hydrolysis under identical
conditions. The PLA-based single network
was completely degraded within 10 min.
According to '"H NMR and SEC analyses,
the degradation products were composed of
oligolactides, lactic acid, and cross-linker
residues, indicating that the hydrolysis
affected both ester and urethane functions.
To understand how the conditions selected
for PLA degradation might affect the
structure of residual networks during the
partial hydrolysis of IPNs, the correspond-
ing single networks were analyzed after
undergoing the same experimental condi-
tions. Styrenic single networks remained
unchanged, while slight mass losses (Am <
10wt %) were assessed for methacrylic

AIBN
—
a) 65°C,2h
b) 110°C,2h
PLA-based
IPN

PLA
65°C, 48 h | hydrolysis

0.5 mol L ' NaOH /
methanol (60/40 vol. %)

Design of functional (meso)porous vinylic networks from IPNs.
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Table 3.

Pore diameters of methacrylic porous networks derived from corresponding IPNs as determined by SEM and

DSC-based thermoporosimetry.

entry methacrylic IPN precursor D, (nm) SEM D, (nm) DSC

21 PLA/poly(MMA-co-MAA) 25/75wt % 25 —150 20 — 150
(MMA/MAA = 50/50 mol %, 1mol % DUDMA)

22 PLA/poly(MMA-co-MAA) 50/50 wt % 15 — 250 10 — 200
(MMA/MAA = 50/50 mol %, 1mol % DUDMA)

23 PLA/poly(MMA-co-MAA) 50/50 wt % 50 — 200 10 — 200
(MMA/MAA = 50/50 mol %, 10 mol % DUDMA)

24 PLA/polyMAA 50/50 wt % 25 — 100 10 — 70
(MMA/MAA:0/100 mol %, 1mol % DUDMA)

25 PLA/poly(MMA-co-AMPS”) 25/75wt % 15— 75 15— 45
(MMA/AMPS* = 95/5mol %, 1mol % DUDMA)

26 PLA/poly(MMA-co-AMPS®) 50/50 wt % 10 — 80 15 — 50
(MMA/AMPS* = 99/1mol %, 1mol % DUDMA)

27 PLA/poly(MMA-co-AMPS™) 50/50 wt % 15— 120 30 — 150
(MMA/AMPS™ = 95/5 mol %, 1mol % DUDMA)

28 PLA/poly(MMA-co-AMPS®) 50/50 wt % 15 — 140 15 — 160

(MMA/AMPS* = 95/5 mol %, 5mol % DUDMA)

analogues. Mass loss decreased with inc-
reasing the concentration of the dimetha-
crylate cross-linker. As to IPN samples, mass
loss values higher than or close to the initial
compositions of PLA were reached after
48 h, indicating a quantitative degradation of
the PLA sub-network. FTIR analyses of

Table 4.

residual networks confirmed their pure
vinylic structures through the total disap-
pearance of the characteristic bands asso-
ciated with the PLA component (N-Hyrethane
and C=O stretching bands around 3370 and
1740cm ™ respectively), while showing the
presence of the desired functionalities.

Pore diameters of styrenic porous networks derived from corresponding IPNs as determined by SEM and DSC-

based thermoporosimetry.

entry styrenic IPN precursor D, (nm) SEM D, (nm) DSC

29 PLA/poly(S-co-4VBA) 25/75 wt % 10 — 140 15 — 140
(S/4VBA = 95/5 mol %, 1mol % DVB)

30 PLA/poly(S-co-4VBA) 50/50 wt % 20 — 170 15 — 150
(S/4VBA = 95/5 mol %, 1mol % DVB)

31 PLA/poly(S-co-4VBA) 50/50 wt % 10 — 100 15— 120
(S/4VBA =90/10 mol %, 1mol % DVB)

32 PLA/poly(S-co-4VBA) 50/50 wt % 10 — 200 15— 160
(S/4VBA = 95/5 mol %, 5mol % DVB)

33 PLA/poly(S-co-SS™) 25/75 wt % 25 — 50 20 — 50
(MMA/SS* = 95/5mol %, 1mol % DVB)

34 PLA/poly(S-co-SS*) 50/50 wt % 25 — 65 20— 70
(MMA/SS™ = 99/1mol %, 1mol % DVB)

35 PLA/poly(MMA-co-SS*) 50/50 wt % 25— 60 35 —70
(MMA/SS™ = 95/5mol %, 1mol % DVB)

36 PLA/poly(MMA-co-SS*) 50/50 wt % 30 —75 25 — 60
(MMA/SS* = 95/5mol %, 5mol % DVB)

37 PLA/poly(S-co-4VP) 25/75 wt % 15 — 50 10 — 45
(S/4vP =50/50 mol %, 1mol % DVB)

38 PLA/poly(S-co-4VP) 50/50 wt % 20 — 100 15 — 150
(S/4VP =50/50 mol %, 1mol % DVB)

39 PLA/poly(S-co-4VP) 50/50 wt % 25 —150 20 — 200
(S/4VP =50/50 mol %, 10 mol % DVB)

40 PLA/poly4VP 50/50 wt % 15 — 100 15 — 130

(S/4vP =0/100 mol %, 1mol % DVB)

Copyright © 2010 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Figure 5.
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(a) SEM micrograph of porous network derived from a methacrylic IPN (see Table 3, entry 26 for characteristics),
and (b) corresponding pore size distribution profile as determined by DSC-based thermoporosimetry.

SEM and DSC-based thermoporometry
analyses clearly showed that the functional
vinylic networks resulting from PLA hydro-
lysis displayed porous structures with pore
diameters smaller and pore size distribu-
tions narrower than those determined for
their analogues derived from the corre-
sponding semi-IPNs (Tables 3 and 4,
Figure 5 as an example). Actually, the
higher degree of chain interpenetration
in IPN precursors may account for the
decrease of pore sizes associated with resi-
dual networks and the narrowing of their
pore size distributions. In IPN systems, the
peculiar interlocking framework of both
constituting sub-networks indeed restricts
the spatial scale of phase separation to
domains sizes of hundreds or even tens of
nanometers, as inferred from the transpar-
ency of all samples. The IPN approach thus
provides a valuable alternative for engi-
neering mesoporous functional networks.

Furthermore, the specific surface areas
were generally higher in IPN systems than
in their semi-IPN analogues, in accordance
with the occurrence of smaller pore sizes:
values as high as 80m’g~! were thus
obtained in preliminary analyses by N,
sorption porosimetry.

Lastly, it is interesting to point out that
the true density values of porous networks
derived from IPN as well as semi-IPN
systems — as determined by helium pycno-
metry at 25 °C — were very close to those of
corresponding single networks (around 1.1-
1.2). As the latter structures were compact
and non-porous, such a match strongly

Copyright © 2010 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

suggested that the porous networks inves-
tigated were characterized by open pores
or interconnected channels through which
a fluid (gas or solvent) could flow. Further-
more, the pore volume (V,) and the por-
osity ratio (P) values were evaluated
through measurements of equilibrium mass
swelling ratios in water. P values ranged
from 0.2 to 0.5, depending on the PLA
content in the precursors. Within experi-
mental error, it can be assumed that such
P values were in good agreement with those
expected, especially taking into account the
quantitative removal of the PLA partner
from the semi-IPN or the IPN precursory
networks.

Conclusion

This report broadens the spectrum of fun-
ctionalized porous frameworks that can be
engineered through the use of (semi-)IPNs
as nanostructured precursors. The extrac-
tion of un-cross-linked PLA from semi-
IPNs as well as PLA hydrolysis from
partially hydrolyzable IPNs provide strai-
ghtforward and effective routes to tune
the porosity and functionality of porous
three-dimensional scaffolds. Thus, PLA
sub-chains, either un-cross-linked in semi-
IPNs or cross-linked in IPNs, may effectively
serve as porogen templates for the genera-
tion of such porous polymeric materials. The
versatility of these complementary appro-
aches has been illustrated through the
generation of methacrylic porous networks
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with acidic (COOH, SOsH) functions as well
as styrenic analogues with acidic (COOH,
SOz;H) or basic (pyridine) functions by
initially incorporating the corresponding
functional vinylic monomers in the stable
partners. Nevertheless, the systems consid-
ered need further investigation to precisely
define the surface functionality of the pores.

The (meso)porous materials with con-
trolled morphology and functionality tailo-
red from functional (semi-)IPNs may find
promising applications in separation tech-
niques as chromatographic supports (func-
tionalized stationary phases) and in the
area of chemistry in confined media as
nanoreactors.
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