4578 Macromolecule007,40, 4578-4585

Effect of Molecular Weight on the Mechanical and Electrical
Properties of Block Copolymer Electrolytes

Mohit Singh,” Omolola Odusanya’* Gregg M. Wilmes* Hany B. Eitouni,*$
Enrique D. Gomez} Amish J. Patel} Vincent L. Chen,* Moon Jeong Park
Panagiota Fragouli® Hermis latrou, ® Nikos Hadjichristidis, ™ David Cookson# and
Nitash P. Balsarax'+8

Environmental Energy Technologies &sion, Lawrence Berkeley National Laboratory, Weisity of
California, Berkeley, Berkeley, California 94720; Department of Chemical Engineeringetsity of
California, Berkeley, Berkeley, California 94720; Materials Sciencegdibn, Lawrence Berkeley
National Laboratory, Uniersity of California, Berkeley, Berkeley, California 94720; Department of
Chemistry, Uniersity of Athens, Panepistimiopolis Zografou, 157 71 Athens, Greece; and Australian
Synchrotron Research Program, Bldg 343,0Adced Photon Source, Argonne National Laboratory,
9700 South Cass#&nue, Argonne, lllinois 60439

Receied December 25, 2006; Rsed Manuscript Receéd March 23, 2007

ABSTRACT: The relationship between ionic conductivity, morphology, and rheological properties of polystyrene-
blockpoly(ethylene oxide) copolymers (SEO) doped with a lithium salt, LiiN(GR),], is elucidated. We focus

on lamellar samples with poly(ethylene oxide) (PEO) volume fractignsanging from 0.38 to 0.55, and PEO
block molecular weightdVlpeo, ranging from 16 to 98 kg/mol. The low-frequency storage moduBis4t 90°C
increases with increasingpeo from about 4x 10°to 5 x 107 Pa. Surprisingly, the conductivity of the SEO/salt
mixtures with the molar ratio of Li to ethylene oxide moieties of 02also increases with increasiMpeo,

from 6.2 x 107°to0 3.6 x 1074 S/cm at 90°C. We comparer with the conductivity of pure PEO/salt mixtures,
opeo, and find thato/[¢poped Of our highest molecular weight sample is close to 0.67, the theoretical upper limit
for transport through randomly oriented lamellar grains.

Introduction containing block while a nonconducting block imparts the
desired mechanical properties. One example of such a composite
electrolyte is shown schematically in Figure 1a, where all of
the conducting lamellae are oriented perfectly in the direction
IQf ion transport. The electrical conductivity of this electrolyte

is given by

Polymer membranes with high ionic conductivity are impor-
tant for applications such as solid-state batteries and fuel’cells.
The performance of these materials depends not only on their
electrical properties but also on other properties such as sheal
modulus, permeability, etc. The mechanical properties of
polymer electrolytes, for example, are particularly important in
secondary solid-state lithium batteries. Repeated cycling of these Omax = POpeo 1)
systems leads to dendrite formation, reducing battery life and
compromising safety.Recent theoretical work indicates that Where¢ is the volume fraction of the conducting phase and
dendrite growth can be stopped if the shear modulus of currentdeeois the conductivity of pure PEO. We call the conductivity
polymer electrolytes can be increased by 3 orders of magnitudeOf the electrolyte in Figure lamaxbecause any other orientation

without a significant decrease in ionic conductivity. Several  of the conducting pathways would lead to a lower conductivity.
studies have shown that cation transport is intimately coupled For example, for the orientation shown in Figure 1b, where the
to segmental motion of the polymer chafifsHigh ionic conducting channels are orthogonal to the direction of ion

conductivity is obtained in soft polymers such as rubbery transport, the conductivity of the block copolymer would be
poly(ethylene oxide) (PEO) where rapid segmental motion Zero. Equation 1 is based on the assumptions that the conductiv-
needed for ion transport results in a decrease in the rigidity of ity of a PEO nanostructure is identical to that of bulk PEO, and
the polymer’ There is, thus, a clear need to develop methodolo- the nanostructures are perfectly aligned relative to the electrodes.
gies for decoupling the electrical and mechanical properties of In practical applications, which require 2800 um  thick
polymer electrolytes. polymer films, one expects to obtain randomly oriented lamellae.

Several workers have studied the possibility of using PEO- For such cases, it has been argued that (2/3)Uma><'_28 We
containing block copolymers as electrolyfe38 In these thus anticipate that the improved mechanical properties of block

systems, the conducting pathways are provided by an EO copolymer electro_ly_tes are obtained with a concomitant loss in
electrical conductivity.
c g " Many groups have studied copolymers where a nonconducting
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Figure 1. Schematic of a lamellar phase in two different orientations Q. . O
relative to the direction of transport, indicated by the arrows: (a) parallel & 102 | SEO(74-98): r=0.02 q i
orientation, (b) orthogonal orientation. -_— T=90 °C DDE\JIFFP
I i i 1 1 1 PEERTTTT BRI BEEERTTI MECERTITT BRI RTTT T M RTTTT MRt BRI
This enables decoupling of mechanical and electrical properties 10
of polymer electrolytes. We thus focus on results obtained in 102 10" 10° 10" 10% 10°® 10* 10° 10°

systems where the nonconducting phase is continuous.
Out of the 20 papers that we found on the subject of ion Frequency (HZ)

conduction in block copolymefs?27 13 have either comb graft ~ Figure 2. Typical data showing real and imaginary impedaizteand

copolymers with oligomeric PEO chains grafted on one of the £+ 'éSPectively, as a function of the ac frequency.

blockg0.12-15,19-22.24 or |ow molecular weight PEO-containing

macromolecule®27 The design of these materials is driven molecular weight and the polydispersity index (PDI) of the PS block

: : . _were obtained using gel permeation chromatography measurements
by conventional wisdom that the conductivity of PEO ho using a Waters 2690 separations module and a Viscotek triple

mopolymers decreases with increasing molecular WERINL. getector system calibrated with polystyrene standards. The PDI of
Attaching several oligomeric PEO chains to one block leads t0 (1o pg piock and the SEO copolymer were found to be less than

independent control over the volume fraction of the conducting o equal to 1.10 and 1.20, respectively, for the copolymers studied.
phase and the molecular weight of the chains within that phase.The volume fraction of each block was determined uskhguclear

We refer to these kinds of copolymers as grdftock copoly- magnetic resonance (NMR) spectroscopy. We use SEGQfy) to
mers (the grafts are invariably oligomeric PEO). In an important denote each diblock copolymer wheceandyy are the molecular
systematic study of a variety of grafblock copolymers, Mayes ~ Weights of the PS and PEO blocks, respectively, in kg/mol. The
and co-worker$~17 report that block copolymers with enhanced PEO homopolymer used in this study (with a number-averaged
conductivity are obtained when the conducting block is attached Molecular weight of 20 kg/mol) was purchased from Fluka.

to a soft rubbery block rather than a hard glassy block. If this ~ Polymer electrolytes were prepared by blending a SEO/benzene
is generally true, then the increase in modulus attainable in solution with the necessary amount of a 10 wt % solution of
ionically conducting block copolymers would be extremely }"[N(S%ZC';S)?] in T:"F 'E an argon _%Ilovgbo?(. The ?Olui'on ng‘s
limited. The existing literature on polymer electrolytes leads to reeze-dried in a glovebox-compatible desiccator for 1 week to

he followi lusions: h ductivity of . remove all the solvent. The ratio of Li ions to ethylene oxide
the following conclusions: (1) The conductivity of composite  \gieties r, in our electrolytes was varied from 0.02 to 0.10. The

polymer electrolytes decreases with increasing modulus of the gried SEO/LI[N(SQCFs),] mixture was pressed into 1 mm thick
nonconducting block. (2) lonic conductivity decreases with disks using a mechanical press with pressures of up to 3000 psi at
increasing molecular weight of the polymer electrolyte and room temperature. Glovebox integrity was maintained during all

levels off in the high molecular weight limf. of the processing steps. NMR was used to check that the samples
In this work, we report on the electrical and mechanical were completely dry after completion of the measurements.
properties of a series of polystyrengoly(ethylene oxide) (SEO) Electrolyte Characterization. The ac impedance spectroscopy

block copolymers. Our data enable a critical evaluation of the measurements were made using a homemade test cell on thermo-
validity of the conclusions listed above. In particular, we show stated pressed samples in the glovebox, using a Solartron 1260
that the conclusions listed above are not generally valid. The frequency response analyzer connected to a Solartron 1296 dielectric
outcome of our work is a strategy for designing block copolymer interface and blocking stainless steel electrodes. We calculate ionic
electrolytes with high modulus and high conductivity that is conductivity from the complex impedance dakt = Z' — iZ")

: . . - . collected at temperatures between 90 and d2Q@vhere the PEO
considerably simpler than the strategies reported in the Ilterature.domains are above their crystalline melting points. All of the

samples were annealed at 120 for 2 h and cooled to room

Experimental Section temperature prior to commencement of the conductivity measure-

Electrolyte Preparation. The polystyrenéslockpoly(ethylene ments. The frequencyy() of the ac voltage was varied from 10
oxide), SEO, diblock copolymers were synthesized via sequential to 1¢° Hz. Figure 2 shows a typical plot of real and imaginary
high-vacuum anionic polymerization, usisgebutyllithium as the impedanceZ' andZ", respectively, for SEO(7498) withr = 0.02.

initiator and P4ert-butylphosphazene base as the promoter for the At low frequencies, polarization effects result in frequency-
polymerization of ethylene oxide. The synthetic procedure used in dependent impedance daf4,(Z' 0 w, 2 0 < a < 2).32 At high
this study is described in refs 30 and 31. The number-averagedfrequencies the impedance spectra are dominated by ionic mobility,

Table 1. Characteristics of Copolymers Used in This Study

copolymer Mn(PS) (g/mol) Mn(PEO) (g/mol) ¢ morphology d spacing (nm)
SEO(36-25) 36 400 24 800 0.38 hexagonally perforated lamellar 458
SEO(74-98) 74 000 98 100 0.55 lamellar 98193.4
SEO(406-54) 39700 53700 0.55 lamellar 6641.4
SEO(406-31) 39700 31300 0.42 hexagonally perforated lamellar 39096

SEO(16-16) 16 200 16 300 0.48 lamellar 3440.3
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Figure 3. (a, upper) SAXS profiles at 90C obtained from SEO/salt mixtures with= 0.02. The SAXS data are displaced vertically for clarity.
The primary scattering peak for each sample is identified by an arrow. (b, lower) Transmission electron micrographs of the pure SEO copolymers:
(a) SEO(16-16), (b) SEO(36-25), (c) SEO(46-31), (d) SEO(46-54), (e) SEO(7498). The PEO phase is darkened by Rusaining.

resulting in az' plateau. The bulk resistance of the electrolRe, for about 2 min when they were transferred from the glovebox to
is read as the high-frequency plateau in the real impedancé®data, the rheometer. All other experiments on SEO/salt mixtures were
and the ionic conductivity is given by conducted without loss of glovebox integrity.
The morphological characterization of the samples is based on
OZL 2) transmission electron microscopy (TEM) and small-angle X-ray
RA scattering (SAXS). Slightly different annealing protocols were used

in these experiments to obtain well-ordered samples to facilitate

wherelL is the electrolyte thickness arllis the area in contact  determination of the morphology. For TEM experiments, the
with the current collectors. The reported results are indistinguishable polymer samples were subjected to a pressure3ff00 psi at 120
from those based on the diameters &f vs Z' Nyquist plot °C for 3 min in a hydraulic press. Thin sections (ca. 50 nm) were
semicircles to determinB. The ac voltage amplitude was varied prepared using an RMC Boeckeler PT XL cryo-ultramicrotome
from 10 to 200 mV for each sample to ensure that the impedance operating at—100 °C. The contrast between the PEO and PS
measurements were made in the linear regime. domains was enhanced by Ru€aining. Imaging was done using

Rheological measurements were performed using an ARES a JEOL 200CX microscope operating at 100 kV. SAXS data were
rheometer from Rheometric Scientific Inc. with parallel plate obtained at the 15-ID-D beamline at the Advanced Photon Source
geometry. The annealing history for the rheological and conductivity (APS) at Argonne National Laboratory, Argonne, IL, using
measurements was identical. Approximately 1 mm thick samples hermetically sealed samples. The samples were annealed in an oven
were placed between 8 mm diameter plates for SEO, and 50 mmat 145°C for 4 h, cooled to room temperature, and transferred to
diameter plates for PEO, in a closed oven with gralinosphere. the beamline. The data were obtained as a function of decreasing
The salt-containing SEO samples were exposed to the atmospheréemperature, starting at 14C.
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110° . | | | ionic conductivity increases with salt concentration due to the
X o increase in the number of charge carriers. At high salt
— | ~®90°c ] concentrations, transient cross-linking of the polymer chains and
€ g10* i neutral ion pairs result in reduced conductiVitfhis trend is
o 1 qualitatively similar to that observed in PEO homopolymer/
12 4 salt system8%:37
2 610 T In Figure 5a we plot the conductivity of our electrolytes,
'S as a function oMpgg, the average molecular weight of the PEO
'..3 410 ] chains, at a fixed value of = 0.02. We find a systematic
S increase in conductivity witMpeoin the SEO-based electrolytes
© with no indication of a plateau in the range of molecular weights
g 210* i studied. The observed trend is opposite to that obtained in PEO
(&) homopolymer/salt mixtures, where the conductivity decreases
¢ ] with increasing molecular weight and reaches a plateau for
0 L L L ! molecular weights above 1 kg/m#l.Data obtained from the
0.02 0.04 0.06 0.08 0.1 0.12 PEO homopolymer/salt mixtures with= 0.02 are shown in
r Figure 5b. In Figure 5c, we plat/omax VS Mpeo, Whereomax =
Figure 4. lonic conductivity vs salt content ranging from= 0.02 to ¢opeo(eq 1). The PEO volume fraction in our SEO electrolytes
r = 0.10 of SEO(36-25) at selected temperatures. varies from 0.38 to 0.55. The ratio/omax hormalizes the
measured conductivity for the expected linear increaseviith
Results and Discussion increasingp. It is evident from Figure 5c¢ that/omax increases

with Mpgg i.e. the ionic conductivity of the SEO electrolytes
is mainly affected byMpgo and not by block copolymer
composition. It is worth noting that is a function of botitMpgo

Table 1 lists the characteristics of the different SEO copoly-
mers used in this study. We present experimental results
obtained by TEM, SAXS, ac impedance spectroscopy, and . . ; .
rheology. Because of the lack of qualitative changes in propertiesa‘nd temperature (Figure 5a), whiftomax is only a function of
with salt concentration, we focus on data obtainer=t0.02. Meeo (Figure 5c).

The ac impedance data obtained from mixtures of a 20 kg/mol  In an attempt to explain the reason behind the observed
PEO homopolymer and Li[N(S&ZFs),], and rheological data  relationship between the molecular weight of the PEO block
obtained from pure PEO, serve as the baseline for evaluatingand ionic conductivity, we examine the factors that govern the
the properties of our composite electrolyte. Because of the ionic conductivity of SEO/salt mixtures. They are (1) degree
hygroscopic nature of the salt, extreme precautions were takenof dissociation of the Li[N(S@CFs)] salt, (2) diffusion coef-

to avoid moisture contamination in our samples (see Experi- ficients of the dissociated ions (Land [N(SQCFs)] ") in the
mental Section). nanoscale PEO channels, and (3) accessibility and nature of the

In Figure 3a we show SAXS data obtained from SEO/salt diffusive paths used by the ions as they travel through the
mixtures withr = 0.02. SAXS data obtained from pure SEO €lectrolyte. We do not have any direct measurements of the
Sampies were indistinguishabie from the data shown in Figure degree of dissociation of the salt. The dissociation of the salt
3a. In each case, we observe a primary Scattering peqi;at depends on the local dielectric properties of the medium. The
Om, indicated by arrows in Figure 3a. The SAXS profile of dielectric constant of PEO is higher than that of PS, and we
SEO(16-16) with a higher order scattering peak agf,3ndicates expect the salt to reside exclusively in the PEO domains. It is
the presence of a symmetric lamellar phasg,(@eak is absent intuitive to anticipate gradients in the dielectric properties of
due to a minimum in the form factor of the |ame||ae)_ However, the PEO domains with a lower dielectric constant near the PS
|ong-range order as gauged by the presence of Sharp primary.nterface when CompaI'Ed to that near the center of PEO lamellae.
and higher order peaks is lacking in all of the other samples. There are two possible reasons for this. (1) Itis easier for dipoles
We attribute this to slow diffusion in strongly segregated block on the PEO chains to reorient when they are far from the
copolymers and the complexity of morphologies found in the interface as PEO chains have limited mobility at the interface.
vicinity of ¢ = 0.4033-35 The morphology of our samples was ~ (2) A higher dielectric constant at the center of the PEO lamellae
thus further clarified by TEM. Typical micrographs obtained Would bring more ion pairs to the center, further increasing the
from the SEO copolymers, shown in Figure 3b, indicate that dielectric constant as the ion pairs themselves serve as dipoles.
SEO(36-25) and SEO(4631) have a hexagonally perforated Therefore, the degree of dissociation of Li[N(&ZPs),] would
lamellar morphology while the other samples have a simple be less in the “interfacial volume” near the junctions of the PS
lamellar morph0|ogy_ There is good agreement between the and PEO blOCkS, Compared to the rest of the PEO domains.
|ength scale of the periodic Structurds’determined by SAXS The PS-PEO interfacial area per unit volume decreases with
(d = 27/qy) and TEM. On the basis of the similarity in the increasing molecular weight. In addition, the interfaces become
SAXS profiles obtained with and without salt, we conclude that more sharply defined with increasing molecular weight due to
the addition of salt at low concentrations does not affect the increased segregation between the blocks. These factors lead
morphology of the SEO copolymers. (We were unable to study to the conclusion that the increase in conductivity Wiheo
the morphology of SEO/salt mixtures by TEM due to lack of may be due to the expected increase in the concentration of
access to a moisture-free microtoming facility. Attempts to dissociated ions with increasifdeeo
address this limitation are currently underway.) The TEM and  An increase in L diffusion coefficient with increasing
SAXS data rule out the presence of an interpenetrating network molecular weight may also lead to the observed trend in Figure

phase in our electrolytes. 5. It has been argued that dissociated libns are tightly
In Figure 4 we show the dependence of ionic conductivity coordinated with the ether linkages in PE&and disruption of
onr in SEO(36-25). The conductivity has a maximum rats this coordination could lead to faster ion transport. This

0.067, regardless of the temperature. At low salt concentrations,disruption may be due to (1) the presence of polystyrene/poly-
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Figure 6. Log—log plot of the domain spacingl, vs chain lengthiN
for the SEO/salt mixtures with = 0.02.

molecular weight. Thus, the changes i IREO coordination

in the interfacial region cannot be the reason for the observed
increase in ionic conductivity with increasilpeo In contrast,

it is known that block copolymer chains stretch when they form
ordered phases due to the traditional balance of energy and
entropy3® The extent of stretching depends on copolymer chain
length,N, and the Flory-Huggins interaction parameter between
the blocks,y. (We use a reference volume of 0.1 has the
basis for bothy andN.) The productyN in our SEO diblock
copolymers ranges from 25 to 130 at 9D,*%*lindicating that

our systems are not in the weak segregation limit. An indication
of the stretched nature of our PEO chains is the scaling of the
domain spacingd, with N, the average number of 0.1 Am
monomers per chaiff. In Figure 6, we plotd vs N. A least-
squares power law fit yieldsl (nm) = 0.4IN°68 (both the
prefactor and exponent were free parameters in the fit), which
is the expected result in the strongly segregated fitnit/e
propose that the stretched PEO chains in our high molecular
weight block copolymers may not be as tightly coordinated with
Li* ions as PEO chains in the low molecular weight copolymers,
which, in turn, leads to enhanced”Ldiffusion coefficients.
Some support for this proposal is contained in computer
simulations of charge transport in stretched PEO ch&ins.

The observed ionic conductivity can be related to the diffusion
of ions in the nanostructured domains following the work of
Sax and Ottind® The materials studied in ref 28 were
polycrystalline, composed of randomly oriented lamellar block
copolymer grains, and transport occurred exclusively in one of
the lamellae. The authors argued that diffusion in these materials
would be slower than that in a pure material by a factor of 2/3,
irrespective of the average grain size, because one-third of the
random diffusive steps are not effective for transport. On the
basis of these arguments, it follows tha@pmax = 2/3. It is
reasonable to assume that our samples are polycrystalline
because we have not taken any steps to align the lamellae. The
azimuthally symmetric SAXS patterns and TEM data presented
in Figure 3 support our assumption. It is interesting to note that
the value ofa/omax Of the SEO(74-98)-based electrolyte, our
most conductive electrolyte, is close to the theoretical maximum
value of 0.67. Since we have not yet characterized the grain
structure of our samples, we cannot rule out the possibility that
the observed trend in Figure 5 is due to differences in grain

(ethylene oxide) interfaces or (2) changes in conformation of structure.

the PEO chains due to self-assembly. We know that the

Our experimental results lead to two remarkable conclu-

interfacial area per unit volume decreases with increasing sions: (1) it is possible to make self-assembled conducting
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Figure 7. Rheological measurements on SEO{26) (triangles), SEO- 1 10 100
(36—25)/salt withr = 0.02 (circles), and PEO (diamonds) samples at [radls]
90 °C. Storage modulu&'(w) is shown with filled symbols, and the @
loss modulusG"”(w) is shown with hollow symbols. (b) 108
I
nanostructured electrolytes with continuous high modulus
nonconducting phases, and (2) the magnitude of the conductivity 107 %
of such electrolytes is in the range of the theoretical upper limit ﬁ&% % @ % @ @ % @ % % % @ % @ % % % %
that can be expected from such systems. It is important to note 6 AAAALDDALDL
that our samples have not been subjected to any special 10 Lannass s .
processing steps to ensure that the PEO lamellae are connected
or aligned. Connectivity of the PEO phase occurs reproducibly 2, 105 B _
by quiescent annealing at 12C. It has been suggested that ED
highly connected network phases are essential for high con- 4 O SEO(36-25)
ductivity >1944We show here that this is not the case. 10"+ 0 SEO(74-98)|
In Figure 7 we show the frequency) dependence of the 3 = SEO(40-31)
storage and loss shear mod@, andG", respectively, of the 10° | X SEO(40-54)| 1
pure SEO(36-25), SEO(36-25) with r = 0.02, and the pure T=90°C A SEO(16-16)
PEO homopolymer. The data obtained from the pure SEO(36 102 sl s
25) and SEO(3625) withr = 0.02 are indistinguishable. The 1 10 100
frequency independence of the moduli and the fact @iat o [rad/s]

an order of magnitude larger th&? indicate that our composite
electrolytes are, to a good approximation, elastic solids. The
data in Figure 7 confirm that the addition of small amounts of
salt has no detrimental effect on the mechanical properties of jng. Volel et al*6 have conducted systematic studies of the effect
our material. The value &' obtained from our SEO(3625) of sample preparation methods on charge transport in amorphous
electrolytes is 100 times larger than the plateau modulus of pure pEQ/salt mixtures. They obtained samples by drying the
PEC" and 6 orders of magnitude larger than that of the PEO polymer electrolyte from two different solventacetonitrile and
homopolymer used in this study. (The molecular weight of the methyl formate-and obtained different transport properties at
PEO homopolymer is similar to that of the PEO block in the temperatures both below and above the melting temperature.
SEO(36-25) copolymer.) In parts a and b of Figure 8, we show This was attributed to different distributions of physical cross-
the frequency dependence Gf and G", respectively, for the  |inks that arise due to the coordination between ldns and
series of SEO copolymers studied here. The higher molecularethylene oxide moieties on different chains. It is therefore not
weight copolymers that exhibit high ionic conductivity yield surprising that literature values ofeo of the amorphous state
storage shear moduli on the order of Ra. It is evident that vary by about a factor of 547 These results indicate the
the mechanical properties of the electrolytes are governedimportance of quantification of pure PEO/salt mixtures when
primarily by the PS phase. By adding the PS block to the PEO reporting the conductivity of composite electrolytes.
chain, we have demonstrated independent control over the Given the fact that the motivation for studying block
mechanical and electrical properties of the electrolyte. In copolymers is to exert independent control over the electrical
particular, we have shown that the shear modulus of the and mechanical properties of the electrolyte, it is important to
electrolyte can be increased by several orders of magnitude withmeasure both properties simultaneously. Because of the com-
relatively little change in ionic conductivity. plexity of the materials, it is important to obtain conductivity
Comparison with Literature on Block Copolymer Elec- from frequency-dependent ac impedance measurerfreais|
trolytes. In order to evaluate the properties of block copolymer modulus using frequency-dependent rheological measurements,
electrolytes, it is essential to obtain an accurate measure of therather than values obtained from measurement at an isolated
conductivity of pure PEOgpeo Below the crystalline melting  frequency*® In an important publication, Mayes and co-workers
temperature of the PEO/salt mixture, one might expect con- evaluated the mechanical and electrical properties of graft
ductivity values that depend on processing history because manyblock copolymer electrolytes with poly[oligo(oxyethylene)
aspects of the crystalline phase of polymers such as spherulitemethacrylate] (POEM) as the conducting block and a soft poly-
size, crystal fraction, long period, etc., are affected by process- (laurel methacrylate) nonconducting blo€kvalues ofo/omax

Figure 8. Frequencyw, dependence of the (a) storag&, and (b)
loss moduli,G", of SEO copolymers.
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