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Triflate salts of Mg(ll), Zn(Il), and Cu(ll) in liquid, low weight poly(ethylene glycol) dimethyl ether (PEGM-
(400)) to determine their conductivity and to ascertain their possible use as electrolyte media, have been
studied. Their liquid structures have been studied by energy-dispersive X-ray diffraction. By this technique,
the cation geometrical coordination has been determined. Furthermore, the local structure of the bivalent
cations has been singled out by application of the difference method to isomorphic solutions. We found that
the investigated cations have an octahedral coordination, with the exception of Cu, which displays two apical
bonds longer than the planar ones. We also found that the polymer chain is coordinated to the cations Mg
and Zn through the oxygen atoms of the polymer units 1, 5, and 9.

Introduction similar behaviors, and they can give a general model of the
cations mobility in the polymeric media.

Knowledge of the structure, as in many other areas of material
science, is an essential foundation to build an understanding of
the physical behavior, that is, in this particular case, the

For a long time, polymer electrolyte materials formed by
incorporating inorganic salts into ion-coordinating polymers
have been studielt® They are very interesting electrochemical
supports, since they offer good conductivity even if they keep mechanism of ionic conductivity in complexes of polyethers
the characteristic properties of plastic materi@lEhe high and . y omp ot poly '
medium molecular weight poly(ethylene oxide) (PEO) has been . T_he transport mechanism for ions in polymeric elec_:trolytes
one of the most studied polymers because of its exceptional s highly d_ependent on the polymer host gn_d on the ion type.
aptitude to solvate ionic salts. It has been studied in relation to The considered properties for the .qpumlzatlo.ns .Of these
various monovalent, bivalent, and trivalent cations, associatedelecnolyt_e_S are (1) ”L”T‘ber and mobility of doping ions and
with various anions, such as halogens, perclorates, and triflates.(z) fle?<|b|||ty of polyme.rlc host. .

These solid systems show a multiphase structure (constituted. In high nl13(JIecuIa_r weight systems, the dynamic bond_ percola-
by an amorphous phase, a pure crystalline PEO phase and élon model_ descrlb_es Iong-ra_mge cation transport. Th|§ model
crystalline complex phase) that hampers their structural study. 's only valid for cations forming r_ather weak bonds with _the
It represents a negative aspect for the conductivity; in fact, theseether oxygen of the polymer chain. In IQW ”.‘O'ecu'ar weight
systems achieve high conductivity at about 2@and suffer polymer systems such as PEG, the self-diffusion of the polymer

from low conductivity below 65C because of high crystallinity. chaln_s to which t_he cation Is attacH_éugwes an important
The possibility of introducing plasticizét,in order to reduce contrlbupon to cation transport. The dlfference in the transport
the crystallinity at low temperatures, has been studied. A low mechanism between anions and cations is due fo the much

molecular weight liquid svstem. constituted by the same PEO weaker interaction of the anions with the ether oxygen: the
-lght 119 y ' oY anions are believed to move between the voids in the polymer
monomer unity, has been added to the solid systems.

: matrix 1®> These factors include the interaction of the cation with
Hence, the study of polyelectrolytic systems has been

ded to | lecul iaht PEO hich the polymer, ionic association, and polymer segmental motion.
extended to low molecular weight parent systems, whic They are not independent; for example, the interaction of the
give rise to completely amorphous multivalent salt solutions.

LT X cation with the ether oxygen atoms of the polymer backbone
The hypothesis is that these “model solutions” are able to Yo poly

) decreases the polymer segmental motion, as seen in the increase
represent the more complex long chain systems, as far as th

lectri ductivi dth I | . . ¢ f the glass transition temperature with increasing salt concen-
electric conductivity and the solute solvent interactions, froma i ™ |t is also expected that the various anigation

structural point of view, are concerned. Poly(ethylene glycol) interactions, which define the ionic association in the complex,

(P.EG)’ and poly(ethyle_ne_ glycol) dimethyl e;her (P.EGM) be mediated by the interactions of the cations with the ether
oligomers have been principally used. They, with multivalent oxygen atoms.

salts, give rise to slightly more viscous liquid solutions with a The local structure surrounding the cation as defined by the

good concentration of metal.ether oxygen atoms ratio up to coordinating ether oxygen atom has been studied using various
1:1012 These solutions can be more easily studied than the PEO- . 9 yoer ) g varic
techniques. The most suitable technique for the determination

based solutions, provided they maintain, at a microscopic level, of the metal coordination geometry is X-ray diffraction, which
i rticularl ful also for liqui mples.
* Corresponding author. E-mail: r.caminiti@caspur.it. s particularly useful also for liquid samples

t Universitadi Roma “La Sapienza’. No structural studies about these solutions have been per-
* Universita“Tor Vergata”. formed so far; only structural hypotheses have been made
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TABLE 1: Compositions of Some Polymer Electrolytes

solution density (g cr¥) concn (m) =g
PEGy—LICF3SO; 0.977 1.135 "7
PEGo—Cu(CRSO;), 1.282 1.132 ;
PEGo—2Zn(CRSOs)2 1.278 1.134
PEGo—Mg(CR:SOy), 1.213 1.135

through the IR band shifts caused by the ether oxygen of the
polymer chains, whether involved in the metal coordination or
not. Eventually, there are no other studies involving metals such
as Cu, Zn, and Mg. In this study we present the structural |
determination of Mg, Zn, and Cu triflate salts in PEGM (400) | =
liquid solutions. T e .
The properties of conductive polymers strongly depend on L:___]U[—J-
parameters such as the degree of cation solvation by the B
polymer, respo.nsible. for the .mo.bility of the_ cation in solution, Figu 1 Pho?(‘) of the energy dispersive X-ray noncommercial
and thg formatlon of ionic pairs in the SO'.UtI.OnS'.The strljlctur'al diffractometer, Dipartimento di Chimica, Istituto Nazionale di Fisica
determination of the degree of association in solution is, ge|ia Materia, Universitali Roma “La Sapienza”.
therefore, important since it can give hints on the conduction

mechanism. transmission of the sample was measured under the same
In the present study, we have proposed a complete structureconditions.
for the solvated cation Mg and Zn; i.e., not only has the cation  From the ratio
coordination been determined but also we have found how the
polymer chains wrap the cations. I(E)/1(E) = e HEX
To achieve the goal, we have used the “difference metHod”.
Solutions of different salts with the same concentration have
been prepared. Subtracting the radial distribution function of ;.4 7 below for the absorption correctiois.
different solutions, one to the other, the only contributions refer 1. f,0rescence lines present in the B keV range due

to the metal interactions provided the two metals are isomorphic. 1 the \W source and to the cations (zn and Cu) do not disturb

our measurements, since they are outside the region of our
Experimental Section interest.

A Seifert and Riclhigh-voltage power supply with a stability
better than 0.1% was used. The detecting system consists of an
EG&G liquid nitrogen cooled ultrapure Ge SSD (ORTEC,
Model 92X) connected to a PC via ADCAM hardware. The
current pulse coming out of the detector is converted into a
digital signal, which is visualized on a computer screen through
. . a multichannel analyzer (MCA). The collimating system is
between the oxygen atoms in the ether and the cations from g, ,qeq of four adjustable width W slits purposely placed to

the salllt ;nd M s;]andsb f%r. Zn,l %L.J' I\/llg.) wire F’Fe%?red in a reduce the X-ray beam angular divergence. The X-ray tube and
controlled atmosphere by directly dissolving the suitable amount 4, detecting system holding arms can rotate in the vertical plane

of salts into the liquid PEGM and by subsequent stirring until around a common center in order to reach the desited 2
Eomoggenlzat;on was ach|§vedaA T\EWL'CFESQ solution . ___scattering angle. Step motors, allowing reproducibility within
as been also prepared and characterized In comparnsong ggq for the scattering angles, accomplish the movement of

Elemental analysis was performed by atomic absorption with a y, arms, The diffractometer is shown in Figure 1. Measurement
Varian Spectra AA30 instrument. Table 1 reports the data angles werd = 26°, 21°, 15.5, 10.5, 8.0, 5.0°, 3.5, 3.0, 2

relating to the polymeric solutions used in this work. 0°, 1.5, 1.0°, 0.5, and they supply a scattering parameter
Techniques.1. Conductiity. The conductivity measurements jnterval q of 0.15-18.325 AL (q = [47/hdE sin 6).
were carried out by impendence spectroscopy (65 kHz 10 10 The total intensityl scattered by the sample and measured
Hz) using the Solarton Model 1250 frequency response analyzer,py an energy dispersive detector in approximation of single
controlled by a desktop computer. A glass cell with two Pt gcattering and transmission geometry can be expressed as
blocking electrodes was used for measurements.
2. X-ray Diffraction.The X-ray diffraction experiments were T(E,G) = Kl(E) P(E,0) Aco(E.0) I (E,0) (1)
carried out by employing a noncommercial X-ray energy
scanning diffractometéf.*® The diffractometer is constituted it
by an X-ray generator (water-cooled W target, with 3.0 kW
maximum power), a solid-state detector (SSD), connected to a|(E,0) =
multichannel analyzer by an electronic chain, a collimator o e , , ,
system, step motors, and a sample holder. The bremsstrahlung oo (E,0) + E'lo(E) P(E'.0) Anc(E.E'0) lin(E'0) )
component of the X-ray source (a standard tungsten tube, used Cont™= Ely(E) P(E,0) A {E.0)
at 45 kV and 35 mA) was used.
The primary beam intensithy(E) was directly measured by  wheref is the scattering angl& is the photon energy recorded
using the same voltage (45 kV) and reducing the tube current by the detector, anf' is the initial energy of a photon scattered
to 2 mA at the zero scattering angle without sample. The inelastically and observed at the eneigy

we obtained the experimentat4®)!, which was used in egs 6

Material. The end-capped (methyl groups) poly(ethylene
glycol), 400 MW, (PEGM(400)) was purchased from Fluka,
and it was used without further purification. The multination
triflate salts, namely Cu(GS0s),, Zn(CRS0;),, and Mg(Ch-
SQOs),, Fluka products, were dried prior to use.

The PEG—M(CF3S0;), solutions (wherex = 20 is the ratio
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From Compton’s incoherent scattering, we have the expres-

sion

2E sinf 6 1

==F mc 1- (ZEsinZO)

®)

m¢
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TABLE 2: Metal —Oxygen Distances 1), Number of Nearest
Neighbors (), and Standard Deviation @) Used for All the
Samples

M R(A) n o (A)
Zn 2.13 6 0.11
Mg 2.09 6 0.11
Cu 1.93 4 0.09

2.30 2 0.11

K is the scale factor between the intensity reaching the detector

and the intensity scattered by a stoichiometric unit of the sample. (yms) variation in interatomic distance to bg, These values
lo(E) is the energy spectrum of the primary beam measured ataye reported in Table 2.

6 = 0°. P(E,0) is the polarization factor by a scattering of a
primary radiation with polarizatiod(E) that is

P(E,0) = (1 + co¥ 20)/2 + sin’ 20D (E)/2 (4)
with

(I)(E) = [lp,n(E) - Ip,p(E)]/[Ip,n(E) + Ip,p(E)] (5)

Results and Discussion

1. Conductivity. The conductivity of the solutions was
determined in order to ascertain their possible use as electrolyte
media. The Arrhenius plots of the solutions were determined
by following the impedance response of symmetrical cells at
different temperatures. The results are reported in Figure 2. The

where I and I, are intensities of the normal and parallel
polarization components, respectively, with respect to the —s— Cu(CF,S0,),
scattering plane. —e—7n(CE,SO,),
Acon(E,0) is the X-ray elastic absorption coefficient: 1E-3 —a— Mg(CF,S0,),
Aco(E.0) = expl-u(E)t sect)] ® Z 1 . T LEh5O,
< \v\'\,
Annc(E,E',0) is the X-ray inelastic absorption: 23 .\_\v\'
b e \I \'\'
A (EE0) = exp[—u(E)t sec] — exp[—u(E)t secd] @ z \.\.\.
et —u(E)t seck-u(E)t] sech b5 Aa_ e
2 1E-44 A T
After correction of the experimental data for the escape peak & ] A e
suppression, the intensity data were handled by means of our (3 \
DIF1 program written in FORTRAN. This program also made \‘
the necessary absorption corrections to combine the sets of data
taken at different angles, as described in the paper of Nishikawa
and lijimal®
Normalization to a stoichiometric unit of volume containing 1E'52 9 3'0 v 3'1 3'2 3'3 3.4
one metal atom was performed: normalized concentrations are - - . ) : *
reported in Table 1. 1000/T (K-l)

Radial distribution functiond)(r), were calculated from the
static structure functiongq):

i(@) = loHE) — H cf(@) ®)
n
according to the expression
D(r) = dnr’po + 2/ ["i(c) M(c) sin(ar) dg  (9)

In this equatiorpo = [Zinifi(0)]%V, whereV is the stoichiometric
volume of chosen unity; is the number of atoms per unit
volume, andf is the scattering factor per atom

M(@) = [2,(0) ,(a)] exp(—0.01c)

is the sharpening factor. As the upper integration limit, we chose
Omax = 18.325 AL,

Figure 2. Conductivity of symmetrical cells at different temperatures
(Arrhenius plot) for the PEGM-based systems.

conductivity trends approach the curvature typical of amorphous
phases.

The conductivity in these systems is lower than the corre-
sponding Li-based electrolyte, which may be a consequence of
the high ionic charge on the cations causing restrictions on chain
dynamics through transient cross-links.

Over the whole temperature range, the Cu solution shows
the best characteristics. This behavior can be related to the
hardness of the divalent cations, since harder cations show a
larger conductivity. Because of similar donicities of the oxygen
in water and in ethers, exchange rates can be expected to follow
a similar trend. The exchange rate of solvent coordinated to a
cation is affected by many factors such as cation radius and
charge, though for the metal cations more specific electronic

Theoretical peaks were calculated by a corresponding Fouriereffects are often dominant.

transform of the theoretical structuréunction for pairs of
interactions (Debye function):

io(Q) = prfqsin(rpqq)(rpqq)*l exp(-1/20°, ) (10)

using the same sharpening factor and the sgmeg value as

Among divalent-cation-based systems, those containing mer-
cury cations show very reasonable conductivity levels, not
dissimilar to those found for lithium systems and much higher
than other divalent-cation-based systéfw.On the basis of
the hard-soft classification of acid and bases, the hardness of
the divalent cations follows the trend Ffg C&" > Ni2", Cl2™,

for the experimental data and assuming the root mean squareZzn?*, Co*t, Pi?+t > CP*, Hg?t.
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Figure 3. Structure functionqi(q) M(q) for the PEGM(400) solutions,  Figyre 4. Correlation functions, Diff() = [D(r) — 4at2p], for the
with Zn(CKSQy)2, Cu(CRSGy),, and Mg(CESQy), salts and pure  pEGM(400) solutions, with Zn(GB0s),, Cu(CRSOy),, and Mg(Ck-
PEGM(400) SOy), salts and pure PEGM(400).

As Hg?" is a soft cation, much weaker interactions would be similarly, we do not observe sensible differences when three
expected with the hard ether-oxygen-coordinating group than gjfferent cations are present in the PEGM solution. Particularly,

Mg?* or C&* would experience. Consequently, ¥igwould the presence of the cations does not affect the long-range
be expected to be mobile, while ¥igor C&" would be  structure, where the solversolvent interactions dominate, but
immobile. there are some small differences in the short-range main peaks,
Measured transference numbers for cations other than lithium common to three solutions, which will be minutely discussed.
show some interesting features. Notably, ¥@ppears to be The contributions due to the triflate ion intermolecular

immobile while Hg* has a transference number close to that interactions, with geometry obtained by theoretical calculations,
of alkali metals, despite carrying the same charge. These resultsand to the PEGM oligomeric unity intermolecular interactions
have been brought together through a comparison of cationhave been subtracted form the experimeitél) of the three
transference numbers and water exchange rates around aqueousslutions. A model chain has been considered for the PEGM.
cations, as determined by Eig&hAn essential prerequisite for ~ The 1—4 atom interaction distances may vary between 2.51 A
significant cation mobility appears to be a high lability of the and 3.73 A, following the configuration cis or trans. Since such

cation—polymer bond. Thus, while strong catiepolymer distances may concern the metal coordination peak, the con-
bonds are necessary for polymer electrolyte formation, labile figuration that better represents the first and the second peak of
bonds are necessary for cation mobility. the pure liquid has been chosen.

2. X-ray Structure Determination. In Figure 3 the structure Hence, the metal coordination peak has been isolated; see

function in the formgi(q) M(q) of the three solutions and pure  Figure 5a-c. The coordination number has been determined to
PGEM(400) are reported. The curves all display a similar be six, the M-O distances are respectively 2.09 and 2.13 A
oscillation period and amplitude, indicating that the solutions for Mg and Zn; also, the Cu ion is hexacoordinated, but it has
structure is not significantly altered by the presence of the four bonds Cu-O at 1.93 A and two at 2.30 A, Figure 6a.
cations. In Figure 4 the correlation functions, in the form D)ff( The presence of the cations does not alter very much the pure
= [D(r) — 4xrpg], for solutions and pure solvent are reported. solvent’s local structure. It allows us to analyze the structure
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Figure 5. Experimental correlation functiori3(r) (—), the theoretical
peak shape function for triflate and PEGM (400®)( and their
difference @4): (a) Zn(CRSGs), PEGM (400) solution; (b) Mg(C§F

S0O;), PEGM (400) solution; (c) Cu(GSG0s), PEGM (400) solution.

by the difference method, i.e., by subtracting i) curves

of two different solutions, if the cation concentration is the same
in both cases. The resulting curve isolates the cat@ation
and catior-solvent interactions and is free from the solvent
solvent contributions.

We analyzed the curves by subtracting each paiD6f);
hence, the resulting difference curves @€)z, — D()wug,
D(r)cu — D(r)mg, andD(r)zn — D(r)cu. The difference curves
of the experimentaD(r) were compared to theoretical peak
shapes.

In Figure 7a the ZAPEGM and Mg-PEGM D(r) are
reported and their difference is plotted in Figure 7b. Similarly,
in Figure 8a the C«PEGM and Mg-PEGMD(r) are reported,;
their difference is plotted in Figure 8b. The third pair®fr),
in Figure 9a,b, represents ZPEGM and Ct-PEGD(r) and
their difference, respectively.

First we analyze the first peak of the curves. It gives infor-
mation on the metatlfirst neighbor interaction, i.e., a metal
oxygen interaction (it is very unlikely that the metal binds

Caminiti et al.

0 1 2 3 4

Figure 6. Difference between the correlation functiobgr) and the
theoretical peak shape function for triflate and PEGM (469), the

peak shape function of MO interactions @), and their difference
(a): (a) Zn(CKRSGs), PEGM (400) solution; (b) Mg(C§S0;), PEGM

(400) solution; (c) Cu(C§s0s), PEGM (400) solution.

The difference curve plotted in Figure 7b shows two main
peaks at 2.1 and 3.2 A, each of them with a shoulder at larger
distances (2.6 and 3.7 A, respectively).

Contributions of six metatoxygen interactions, at slightly
different lengths (2.09 A for Mg and 2.13 A for Zn), reproduce
the first peak at 2.1 A. The metal coordination number has been
determined by studying the(r) separately and by studying the
difference curve. In both cases, we find the same coordination
for the two cations at the same distance. Another indication of
the coordination number is given by the absence of negative
peak in the difference curve. Mg is a typically hexacoordinated
cation and the difference curve immediately gives information
on the coordination of the cation, which is compared to it. Zn
can be either hexacoordinated or tetracoordinated, but in the
latter case, the difference of the coordination would yield a
negative peak of the differend®(r). The positive peak in the
difference curve of the MgPEGM and Zr-PEGM D(r) is

through a carbon atom), and, hence, on the coordination of thestrictly correlated to the different number of scattering electrons

cations.

that the two cations have.
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Figure 8. (a) Cu-PEGM D(r) (—) and Mg-PEGM D(r) (@). (b)

Figure 7. (a) Zn—PEGM D(r) (—) and Mg—PEGM D(r) (@). (b) > \
Curve difference obtained.

Curve difference obtained.

The difference curve between EREGM and MG-PEGM distances of 2.13 and 2.09 A, respectively. Cu(ll) has a slightly
D(r) (Figure 8b) reveals, instead, a slightly different coordina- distorted symmetry with four planar bonds at 1.93 A and two
tion. In this case, we have to consider both peaks at 1.93 andapical bonds at 2.3 A.

2.3 A, which have almost similar intensity and are both typical ~ To analyze how the polymer chain is bonded to the different
figures of a first coordination sphere. The two evident peaks cations, we have analyzed tbdr) at larger distances.

are fitted by two different CaO lengths: four distances at 1.93 The octahedral coordination obtained with six oxygen atoms,
A and two distances at 2.3 A. Cu is known to display a Jahn  coming from PEG, implies a second coordination sphere formed
Teller effect. There are two opposite bonds of the octahedron by twelve M—C contributions. Considering an isomorphic
coordination, either larger or shorter lengths compared to the conformation for Zn and Mg, the second sphere reproduces
remaining four planar ones. In this case we could clearly observe exactly the second peak in the difference curve at 3.2 A. It does
this effect; since it would be impossible to fit the first peak at not provide any information about the O atoms involved in the
1.93 A with six Cu-O bonds, it would be largely overestimated. coordination. They may be in any point of the chain and may

The bond distances we have obtained for Mg(ll), Zn(ll), and come from one chain or from more chains, and they are always
Cu(ll) in PEGM solutions can be tested by analyzing the third bonded to two C atoms.
difference curve reported in Figure 6b. It is evident that Cu has  The length of the chains would allow a single chain to tie an
a distorted octahedral coordination. The difference curve M atom, but the models where two consecutive oxygens are
between the ZrPEGM and the C4PEGM D(r) yields a used result in large sterical strain. To understand how many
negative peak exactly at 1.93 A; in Figure 8b we observed this chains coordinate the metal ion, we can take into account that
peak as positive since we were subtracting a curve g, the ratio metal/polymer chains is 1/2, and assume that, on
However, we compared the difference experimeb@l to a average, two polymer chains are bonded to one cation.
theoretical peak shape calculated with the parameters we An aid to determine this geometry comes from the examina-
obtained in the first two curves and we found a very good tion of peaks successive to the second peak. The modest height
agreement. Therefore, we can conclude that both Zn(ll) and Mg- of the peak successive to 4.0 A imposes a limited number of
(I1) have an octahedral symmetry in a PEGM solution at bond contributions in this area. This implies that three oxygen atoms
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Figure 9. (a) Zn—PEGMD(r) (—) and Cu-PEGMD(r) (®). (b) Curve
difference obtained. 40
of the same polymer chain are bonded to the metal atom, 6 20
being the coordination nhumber of Mg and Zn. The polymer
chain has eight monomer units, i.e., nine oxygen atoms available
for the coordination. The oxygen atoms have many possible
ways to bind the metal, but we can restrict them. 40
Two of the three O atoms must be the O terminals that drive
to the extremity a Cklgroup only. Thus, the two extremities
do not provide contributions beyond the second coordination
sphere.
The O that ties the third site could be the fourth or the fifth.
If the third or the second oxygen were interested in the bond, r,
the chain could not depart enough and the contributions before  -40

5.0 A would too large.

For the two isomorphic systems, a model has been proposed

The PEGM O atoms involved in the metal coordination &re 1
5°—9°, considering the coordination of the central O atom in a
PEGM (400) with an average length chain of eight monomer
units. In Figure 10 the possible model for coordination in the
Mg(CFRSGs), is shown.

As far as the solution containing copper is concerned, if we
consider its difference curves with Mg and Zn, we notice that
it is not isomorphic to the other two. The only structural
information that we can obtain for this solution comes exclu-

Caminiti et al.
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Figure 11. (a) (Zn—Mg) experimental difference curve-j, theoretical
peak shape difference of the proposed model, forPZBGM and Mg-
PEGM solutions @). (b) (Mg—Cu) experimental difference curve-(

), the theoretical peak shape difference of the interactiorgOMn
Mg—PEGM and Ct-PEGM solutions@®). (c) (Zn—Cu), experimental
difference curve+), and the theoretical peak shape difference of the
interactions M-O in Cu—PEGM and Mg-PEGM solutions @).

sively from the first peak. The three experimental difference
curves are compared with the theoretical peak shape difference
curves in Figure 11. In Figure 11a, the difference curve, between
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Zn and Mg solutions, is compared with the theoretical curve (2) Sadaoka, Y.; Sakai, Y.; Akiyma, H. Mater. Sci.1986 21, 235.
obtained from the total model. In Figure 11b,c the two other (3) Fabry, P.; Montero-Ocampo, C.; Armand, S&ns. Actuators988
difference curves are compared with the theoretical ones, 151 ‘ o
obtained from the theoretical first peaks differences, regarding  (4) Jensen, J. IRuel Cells: Trends in Research Applicationgpleby,
the Cu solution. A. J., Ed.; Hemisphere: New York, 1987; p 145.

; ; ; (5) Appleby, A. J. InFuel Cells: Trends in Research Applications

If thg Cu.solutlon hqd been |somor.ph|c to the other ones as Appleby, A. J.. Ed.. Hemisphere: New York, 1987 p 19.
far as its difference with that of Mg is concerned, we would .

. . ) (6) Gray, F. M.Solid Polymer Electrolytes, Fundamentals and Tech-
have obtained a difference curve like the-2vig curves. nological Application:VCH: New York, 1991.
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