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Background

The 1967 discovery of the selective interaction of metal cations with cyclic oxyethylene
sequences was the begin of the host-guest chemistry, the cornerstone of supramolecular
chemistry!?. The term crown ether was defined to describe the ability of the oxyethylene cyclic
molecules to crown cations. The interaction of the ether groups with cations by ion-dipole
interactions is especially favored in the crown ethers. This is due to the fact that a favorable
conformation is imposed by the alicyclic structure. The ability of crown ethers to interact
selectively with cations opens new possibilities in technological applications; such as ion
selective electrodes, the development of liquid or supported liquid membrane, the design of
extraction systems for purification, recovery or decontamination, and the production of catalysts
for organic or inorganic reactions &

However, the crown ethers have limitations in technological applications, since they are low
molecular weight compounds. They are soluble in most solvents so their use in separation and
reuse is complicated. Moreover, they possess low thermal and chemical stability. Therefore, a
physical support is required for most applications so they are immobilized and their migration is
reduced.

The preparation of polymers with crown ethers extends the possibilities of new technological
applications related to sensors, actuators (4. 8] permselective membranes, (6] catalysis, M etc.
Hence, some research work has been focused on the use of this type of polymers, especially
for species separation, a problem of great industrial interest (8-13]

One of the aims of this work was study the effect of the small variations in the chemical
structure in the properties of the membranes. This type of analysis can provide key information
for the development of new membranes based on polymers with specific properties. The
membranes must show high local and/or segmental mobility at the working temperature
(generally around ambient temperature), together with dimensional stability. In this sense, the
study of crown ethers anchored to the structure of a polymer is very interesting. To accomplish
the objective, two membranes of poly(methyl methacrylate-co-(1,4,7,10-tetraoxacyclododecan-
2-yl) methyl methacrylate) (10/90 and 25/75) has been synthesized and analyzed by using
Differential Scanning Calorimetry gDSC), dynamic mechanical analysis (DMA) and Broadband
Dielectric Spectroscopy (BDS)[M'1 1, Unfortunately, the response of polymers to perturbation
fields can only be obtained in a few decades of time/frequency in the case of mechanical force
fields so that obtaining information over a long frequency/time range requires the application of
the temperature-frequency/time superposition principle, which only holds for thermorheological
simple systems. This disadvantage can be overcome using broadband dielectric spectroscopy
(BDS), a technique that enables analysis of the chains response over more than 10 decades in
the frequency domain.
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Methods

The two copolymers will be called hereafter CR4AMA X/Y where X stand for the molar fraction of
(1,4,7,10-tetraoxacyclododecan-2-yl)methyl methacrylate (CR4MA) and Y stands for the molar
fraction of methyl methacrylate (MMA). The structures of monomers appear in Figure 1. The
monomer (1,4,7,10-tetraoxacyclododecan-2-yl) methyl methacrylate (CR4MA) was prepared
following a specific synthetic route.'”!

The glass transition temperatures of CR4MA 10/90 and CR4MA 25/75 membranes were
measured with a DSC-Q20 from TA Instruments at a heating rate of 10K/min. The gas used in
the measurement, in order to obtain an inert atmosphere, was N,.

Dynamic mechanical thermal analyzer DMA-Q800 TA-Instruments was used for the evaluation
of the complex modulus (E ) and mechanical loss factor (tan &). The temperature range over
which properties was measured from 143 to 453K at a heating rate of 3 K/min. The tests were
carried out at different frequencies 0.3, 1, 3, 10 and 30 Hz in a tension mode.

BDS analysis was performed on a Novocontrol Broadband Dielectric Spectrometer System. The
isothermal measurements were carried out from frequencies between 10" to 10° Hz and from
133 to 453K in 5K intervals, on disc-shaped films of about 80 pum thickness and 20 mm

diameter.
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Figure 1. Monomers used to synthesize CR4MA10/90 and CR4MA 25/75.
Results

Glass transition temperature evaluated from DSC spectra was taken as the intersection of the
base line of the glassy region with the tangent to the endotherm in the middle point. The values
of T4 for CR4MA 10/90 and CR4MA 25/75 membranes are 382.28K and 365.81K respectively.

Figure 2 shows the storage and loss modulus of MMA/CR4MA (90/10) membrane at five
frequencies (0.3, 1, 3, 10 and 30 Hz) in the temperature range studied. This Figure clearly
shows the existence of four relaxations. In the isochrone of 1 Hz, we can observe an a-
relaxation process, which is associated with the glass transition temperature, at ~413 K. At
lower temperature, three secondary relaxations associated with local movements of side chain
can be observed. The B-relaxation process centered at ~283K appears intimately overlapped
with the y-relaxation centered at ~273K and finally, &-relaxation emerges near 153K. For
MMA/CR4MA (25/75) membrane, a similar mechanical behaviour was obtained.
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Figure 2. Storage and loss modulus as a function of the temperature at 0.3, 1, 3, 10 and 30 Hz
for CR4MA 10/90.

R}/ comparing Vogel-Fulcher-Tammann-Hesse (VFTH) e} equation with the Doolittle expression

I and by using the Arrhenius plot, the fraction of free volume at the glass transition
temperature and the free volume expansion coefficient «,=(1/V)(@V /0T), are estimated. The

values obtained for both membranes are near to 0.025 and 4-10™K™", respectively.

Owing to the high contributions of the conductivity processes to the dielectric loss, the
frequency at the peak maximum for a-relaxation cannot be detected in the dielectric spectra.
However, pure ohmic conduction can be removed if ¢" is obtained from &' using Kramers-
Kroning equation [15]. As an example, in Figure 3 the loss permittivity as a function of the
temperature are plotted at several frequencies for CR4MA 10/90 membrane.
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Figure 3. The loss permittivity as a function of temperature for CR4MA 10/90 at several
frequencies (a) before and (b) after having removed the conductivity.

The spectrum obtained for CR4MA 25/75 membrane is similar to that one obtained for the
CR4MA 10/90 membrane. From our analysis results, it is observed that the strength of the
secondary processes is higher for the membrane with lower crown-ether content. This fact can
be related with the steric effects imposed by the crown units.
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