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We investigate the spatial distribution of chemical phases in dry block copolymer electrolytes. The
constituent blocks of these copolymers can be chosen to produce a material which combines the
conductivity of soft nanoscale channels with the rigidity of a non-conducting glassy matrix. Hence
block copolymer electrolytes are favorable candidates for the solid electrolytes in energy-technology
devices such as fuel cells and solid state batteries [1]. By imaging the distribution of ionic species in
block copolymer electrolytes we aim to increase our understanding of the mechanism of ionic
conductivity in these materials.

In this work we focus on lamellar poly(styrene-block-ethylene oxide) (PS-PEO). The PEO phase
provides the conductive channels and ionic species introduced into the system co-ordinate with the
ethylene oxide groups of the PEO block. Thin films (<100nm) of PS-PEO electrolyte have been
prepared by spin casting from a solution of the polymer and the salt sodium hexafluorophosphate
(NaPFs) onto holey silicon nitride membranes. The samples are then annealed at 90°C. A bright-
field TEM micrograph showing the microphase structure of the PS-PEO film supported across a hole
in the silicon nitride membrane is presented in Figure 1. The mass fraction of sodium ions in the
block copolymer is of the order of 1%.

The chemical phases in the block copolymer electrolyte are distinguished by low-loss energy filtered
TEM spectrum imaging (EFTEM SI). This approach involves the acquisition of a series of images at
adjacent energy positions in the plasmon peak range of the electron energy loss spectrum using a
small energy-selecting slit. The plasmon peak is characteristic of the chemical composition of the
sample and is far more intense than the core loss edges used for conventional elemental mapping.
Thus low-loss EFTEM SI presents a convenient method for the quantitative analysis of radiation
sensitive materials such as polymers.

For our EFTEM SI measurements we employ a 200kV monochromated Zeiss Libra microscope.
Typically the EFTEM slices are recorded from 2-60eV in 1eV steps using an energy slit of 5eV. In
order to distinguish the chemical phases of the specimen we apply multivariate statistical analysis
(MSA) to the EFTEM SI data [2]. This allows us to identify the principal components of the EFTEM
SI and to reconstruct a noise-reduced dataset. The plasmon peaks corresponding to the identified
phases are then extracted and used for MLLS fitting. Using this technique we have identified three
main phases in the PS-PEO electrolyte. Figures 2a, 2b, and 2c show the MLLS fits for the first (PS),
second (PEO) and third phase, respectively. The combined RGB image is shown in Figure 2d. We
propose that the third phase, which is located at the edge of the PEO domains, gives the spatial
distribution of salt ions in the block copolymer.
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FIG. 1. Bright-field TEM micrograph of a thin film of PS-PEO spin cast over holey silicon nitride.
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FIG. 2. Colored MLLS fits corresponding to phase 1 (PS), phase 2 (PEO) and phase 3 shown in (a),
(b), and (c), respectively. Combined RGB image shown in (d).
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