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ionic block copolymers

E. loannou, G. Mountrichas, S. Pispas, E. |. Kamitsos

Theoretical and Physical Chemistry Institute, National Hellenic Research Foundation
© 48 Vass. Constantinou Ave., 116 35 Athens, Greece

P. Papadopoulos, G. Floudas

Department of Physics and Foundation for Research and Technology-Hellas,
Biomedical Research Institute (FORTH-BRI), University of loannina,
P.Q. Box 1186, 45110 loannina, Greece

In recent years, interest has been focused on solid-state materials that exhibit en-
hanced ion transport properties. Polymer solid electrolytes constitute a class of materi-
als of high promise for technological applications like in batteries, fuel cells, sensors
and other electrochemical devices™ 2. The advantages of their use include lack of corro-
sive liquids, wide potential range of electrochemical stability, improved mechanical prop-
erties and ability for thin film processing®.

- Inthe present study, block copolymers of polystyrene-polymethylmethacrylate (SMAA)
of various compositions have been prepared by anionic polymerization and have been
used as templates for the production of ‘single-ion’ polymer electrolyte systems. Lithium
ions were introduced as the effective component that contributes to ionic conductivity of
these hybrid materials. The structure has been studied by infrared spectroscopy (IR},
differential scanning calorimetry (DSC), small-angle X-Ray scattering (SAXS), while the
dynamics of these systems have been investigated by dielectric spestroscopy (DS).

Bl Bu ofp DPELC DPE LG . Table 1. Molecular characteristics of
E) 78 c' @ BMA i' the prepared block copolymers

Sample M., ;ﬁ’;’é
MaOH SMAA1 | 44500 | 1.06 | 84

SMAA1LI | 45500 | 1.06 | 82

Lion Dlnxanonu - SMAA2 34500 | 1.06 72
HCL 83" C SMAA2LI | 35400 | 1.06 70
SMAA3 | 29200 | 1.06 | 56.9

SMAA3Li | 30300 | 1.06 | 54.8

Figure 1 presents the synthesis of block copolymers, while Table 1 gives their molecular characteristics.

The structure of the initial materials and of the ionic block copolymers resulting from
the introduction of Li + ions was investigated by IR spectroscopy in the mid-IR region.
The results depicted in Figure 2 reveal the characteristic bands of each component and
their change upon salt concentration. The band at ca. 1699 cm, attributed to the asym-
metric stretching, v, (CO,), of carboxylic acid, dlsappears upon formation of the Li* -
polymer salt. In addltlon the band at ca. 1548 cm!, attributed to the v as(CO, "} mode with
the carboxylate anion being now coordinated to Li+ ions*, appears enhanced upon in-
creasing Li* concentration and demonstrates clearly the formation of the Li* -polymer salt.
Thus, the introduction of Li* ions within the methylmethacrylate phase is clearly manifest-
ed by IR spectroscopy, showing the successful synthesis of these hybrid materials.
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Furthermore, the SAXS spectra indicate that introduction of Li* ions favors the im-
provement of structural organization in each system, e.g. SMAA1Li forms cylinders of
MAA1Liin a hexagonal lattice while SMAA2 manifests a lamellar morphology upon intro-
duction of Li* jons.
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Fig. 2. ATR transmittance specira of SMAA1 and of ionic block copolymers resulted
from Li* ion introduction.

The dynamics of each system were investigated by dielectric measurements, which
provide information on the type of relaxation mechanisms and the corresponding char-
acteristic relaxation times. The mechanism of conductivity is affected by the concentra-
tion of MAALL, while the ionic conductivity of all samples increases by about.3-4 orders

~ of magnitude upon introduction of Li* ions (~10° 8/m). Furthermore, for the initial sys-
tems (SMAA) a process related to very local movements was observed and it was attrib-
uted to formation of hydrogen bonds between carboxylic groups. Finally, another mech-
anism was observed for the hybrid systems (SMAALI), and this was related to:movement
of carboxylate groups, which are rearranging to accommodate Li+ ions.
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