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ABSTRACT

The battery includes an electrolyte activating one or more
cathodes and one or more anodes. The electrolyte includes
one or more salts in a solvent. The solvent includes one or
more organic solvents and one or more silanes and/or one or
more siloxanes.
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BATTERY HAVING ELECTROLYTE WITH MIXED
SOLVENT

REFERENCE TO RELATED APPLICATIONS

[0001] This application is a continuation-in-part of U.S.
patent application Ser. No. 11/056,866, filed on Feb. 10,
2003, entitled “Electrochemical Device Having Electrolyte
Including Disiloxane;” and also of U.S. patent application
Ser. No. 11/056,867, filed on Feb. 10, 2003, entitled “Elec-
trochemical Device Having Electrolyte Including Trisilox-
ane;” and also of U.S. patent application Ser. No. 11/056,
868, filed on Feb. 10, 2005, enfitled “Electrochemical
Device Having Electrolyte Including Tetrasiloxane;” and
also of U.S. patent application Ser. No. 11/056,869, filed on
Feb. 10, 2003, entitled “Flectrolyte Including Silane for use
in Electrochemical Devices;” which 1s a continuation-in-part
of U.S. patent application Ser. No. 11/053,338, filed on Feb.
8, 2005, entitled “Reduction of Impurities in Battery Elec-
trolyte;” and this application 1s also a continuation-in-part of
U.S. patent application Ser. No. 10/971,912, filed on Oct. 21,
2004, entitled “Battery Having Electrolyte Including Orga-
noborate Salt;” and also of U.S. patent application Ser. No.
11/211,970, filed on Aug. 24, 2005, entitled “Battery Having
Electrolyte Including Substituted Borane Additive;” and
also of U.S. patent application Ser. No. 11/271,4773, filed on
Nov. 10, 2005, entitled “Flame Retardant Battery;” and also
of U.S. patent application Ser. No. 11/272,261, filed on Nov.
10, 2005, entitled “Flame Retardant Battery;” and also of
U.S. patent application Ser. No. 10/072,739, filed on Mar. 3,
2003, entitled “Battery Having Enhanced Energy Density;”
which 1s a continuation-in-part of U.S. patent application
Ser. No. 10/962,125, filed on Oct. 7, 2004, and entitled
“Battery Having FElectrolyte Including One or More Addi-
tives;” which 1s a continuation-in-part of U.S. patent appli-
cation Ser. No. 10/496,231, filed on May 20, 2004, entitled
“Method for Fabricating Composite FElectrodes;” which
claims priority to PCT Application number PCT/US03/
08783, filed on Mar. 20, 2003, entitled “Method for Fabri-
cating Composite Electrodes;” and this application claims
the benefit of U.S. Provisional Patent Application Ser. No.
60/668,878, filed on Apr. 5, 2005, entitled “Flame Retardant
Battery;” each of which 1s incorporated herein in 1ts entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[10002] This invention was made with government support
under W15P7T1-05-C-R403 awarded by U.S. Army Commu-
nications-Electronic Research & Engineering Center. The
government may have certain rights 1n the invention.

FIELD

[0003] The present invention relates to electrochemical
devices, and more particularly to electrolytes for use in
clectrochemical devices.

BACKGROUND

[0004] Recent improvements in portable electronic
devices have increased the demand for batteries with a high
energy density 1n order to increase the longevity of these
devices. A variety of lithium secondary batteries have been
studied to meet these demands. Many of these batteries have
explored the use of lithium metal anodes and carbonaceous
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anodes. Theoretical calculations show that lithium metal
may be able to provide a higher energy density than a
carbonaceous anode.

[0005] Batteries having lithium metal anodes are difficult
to commercialize because they generate dendritic lithium on
the surface of the lithium metal during charge and discharge
cycle. The dendntic lithium can grow toward the cathode
through the separator and cause an internal short in the
battery. This short can result 1n a dangerous release of heat.
Additionally, current can concentrate on the dendrites caus-
ing a localized deposition of lithum on the anode. This
localized deposition can reduce the cycling efficiency of the
battery.

[0006] Further, lithium metal anodes can reduce the
cycling performance of a battery. Conventional organic
clectrolytes 1n contact with lithium metal get reduced and
can form a passivation layer on the anode. When other anode
maternals are employed, the formation of the passivation
layer stops or slows when the surface of the active material
1s covered by a stable passivation layer. However, the
growth of the dendritic lithium permaits the passivation layer
to continue forming and increases the surface area over
which the passivation layer must be formed. The continued
formation of the passivation layer reduces the battery’s
coulombic efliciency and can accelerate electrolyte degra-
dation. There 1s a need for a secondary battery that can take
advantage of lithium metal anodes.

SUMMARY

[0007] The battery includes an electrolyte activating one
or more anodes and one or more cathodes. The electrolyte
includes one or more salts 1n a solvent. The solvent includes
one or more organic solvents and one or more components
selected from a group consisting of silanes and siloxanes. At
least one of the anodes includes or consists of one or more
components selected from the group consisting of lithium
metal, lithium metal alloy and lithium metal intermetallic
compound.

[0008] A method of generating an electrochemical device
1s also disclosed. The method includes activating one or
more anodes and one or more cathodes with an electrolyte.
The electrolyte includes one or more salts 1n a solvent. The
solvent includes one or more organic solvents and one or
more components selected from a group consisting of
silanes and siloxanes. At least one of the anodes 1includes or
consists of one or more components selected from the group
consisting of lithtum metal, lithium metal alloy and lithium
metal intermetallic compound.

[0009] The siloxanes can include one or more silicons
linked to a substituent that includes a poly(alkylene oxide)
moiety or a cyclic carbonate moiety. The siloxane can be a
polysiloxane, tetrasiloxane, a trisiloxane or a disiloxanes.
The silanes can include a silicon linked to one or more
substituents that each include a poly(alkylene oxide) moiety
or a cyclic carbonate moiety. In some instances, at least one
of the one or more organic solvents can selected from a
group consisting ol cyclic carbonates, linear carbonates,
dialkyl carbonates, aliphatic carboxylate esters, linear
cthers, cyclic ethers, and fluorinated carboxylate esters.

[0010] The one or more salts can be an organoborate salt
such as an aromatic bis| chelato]borate or a nonaromatic
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bis[chelato]borate. In some instance, the organoborate is
selected from a group consisting of: bis| benzenediolato(2-
)-0,0'|borate, bis| substituted benzenediolato(2-)-O,0'[bo-
rate, bis|salicylato |borate, bis| substituted salicylato |borate,
bis[2,2'-biphenyldiolato(O,0") |borate, bis|substituted 2,2'-
biphenyldiolato(O,0") |borate), bis|oxalato(2-)-O,0'|borate,
bis[ malonato(2-)-O,0' |borate, bis[succinato |borate, |.al-
pha.-hydroxy-carboxylato |borate, | .alpha.-hydroxy-car-
boxylato |borate, | .beta.-hydroxy-carboxylato [borate,
| .beta.-hydroxy-carboxylato [borate, [.alpha.-dicarboxylato]
borate, and [ .alpha.-dicarboxylato |borate. In some instances,
the organoborate salt 1s a lithium organoborate salt. In one
example, the organoborate salt includes lithium bis-oxalato

borate (L1BOB) or lithium difluoro oxalatoborate (L1D1OB).

[0011] The organoborate salt can be represented by the
tollowing formula:

/9N O\

v, B Y,| M
\/” \J/
- O O -

wherein M™ 1s a metal ion selected from the Group I or
Group 11 elements 1n the periodic table; Y, and Y, are each
selected from the group consisting of: —CX(CR,) CX—,
—CZ/7NCR,) CZZ -, —CX(CR,),CZZ'-,
—S0O,(CR,),,SO,—, and —CO(CR,),SO,—; X 1s =0 or
—NR', Z 15 alkyl, halogenated alkyl, —C=NR', CR'; or R";
7' 1s alkyl, halogenated alkyl, —C=NR', CR'; or R'; R' 1s
halogen or hydrogen; R i1s hydrogen, alkyl, halogenated
alkyl, cyano, or halogen; a1s O to 4 and b 1s 1 to 4.

[0012] The organoborate salt can be represented by the
tollowing formula:

G o
Y/ N\ ./

\O/ AN

RH _

wherein M™ 1s a metal ion selected from the Group I or
Group 1I elements; Y, 1s selected from the group consisting
of —CX(CR,),CX—, —CZ7NCR,) CZZ'-
—CX(CR,) . CZ7Z!-, —S0,(CR,),SO,—, and
—CO(CR,),SO,—; X 1s =0 or =NR!, Z 1s alkyl, haloge-
nated alkyl, —C=NR', CR'; or R'"; 7' 1s alkyl, halogenated
alkyl, —C=NR', CR'; or R'; R" 1s a halogen; R' 1s halogen
or hydrogen; R 1s hydrogen, alkyl, halogenated alkyl, cyano,
or halogen; a1s 0 to 4 and b 1s 1 to 4.

[0013] In addition to organoborate salts or as an alterna-
tive to organoborate salts, the one or more non-organoborate
salts selected from a group consisting of LiClO,, LiBF,,
[1AsF,, LiPF,,  LiSbF,, LiCF,SO,, LiC[F.SO,,
L1C(CF3S0,),;, LIN(SO,C,F;),, LiN(SO,CF;),, LiAICl,,
[1GaCl,, LiSCN, [10O,, [L10,SCF,, L10,CCF,, LiSO/F,
[L1B(C Hx),, Li-methide, Li-imide and lithtum alkyl fluoro-
phosphates.

[0014] The battery can include one or more cathodes that
cach include, fluorinated carbon (CF, ), lithtum vanadium
oxide such as the lithium vanadium oxide represented by
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L1,,,V30g, polypyrrole, H,V;04, metal vanadium oxides
represented by M_H, __ V.0, Cu(Cl,, silver vanadium oxides
such as Ag,V,0,,, LiCu(Cl,, TiS,, MoO,, MoS,, MnQO,,
vV, 0., V.O,,, H,V,0, LiCoO,, L[LiNiO,, LiFePO,,
LiMnO,, LiCoNiMnO,, LiCoNiM'O,, and combinations
thereof. In some instances, the cathode active materials
include or consist of one or more active materials.

BRIEF DESCRIPTION OF THE FIGURES
0015] FIG. 1 is a schematic view of a battery.

0016] FIG. 2 illustrates a cross section of a button cell.

0017] FIG. 3 compares the cycling performance of bat-
teries having an electrolyte that includes a mixture of
siloxane and organic solvent against the performance of a
battery having only organic solvents.

DESCRIPTION

[0018] A battery employing an anode that includes lithium
metal 1s disclosed. The battery employs an electrolyte that
includes one or more salts 1n a solvent. The solvent includes
one or more organic solvents and one or more silicon based
solvents selected from a group consisting of silanes and
siloxanes. When this solvent 1s employed in a secondary
battery, the solvent has been provided surprising cycling
performance. For instance, the battery disclosed in Example
1 has a discharge capacity retention of about 100% even
alter 108 cycles. The passivation layer that results from this
solvent has been studied and shown to be compact and
homogenous. Additionally, this passivation layer appears to
prevent additional consumption of the lithium metal. The
passivation layers formed from conventional electrolytes
that include only organic solvents are often porous and weak
after cycling. The features are characteristic of a high
surface area cause by heavy dendrite formation on the
surface of lithium metals. In contrast, the passivation layer
formed from the current electrolyte appears to be appears to
be denser, stronger, and show fewer dendrites after cycling
illustrating a more stable passivation layer. Without being
bound to theory, 1t 1s believed that these features of the
passivation layer are the source of the improved cycling
performance that results from the disclosed electrolytes.

[0019] The solvent can include polysiloxanes but prefer-
ably includes or consists of tetrasiloxanes, trisiloxanes and/
or disiloxanes. Tetrasiloxanes, trisiloxanes or disiloxanes
can vield an electrolyte with a lower viscosity than electro-
lytes that include similarly structured polysiloxanes. The
reduced viscosity can increase the conductivity of the elec-
trolyte and can improve wetting of electrodes in an electro-
chemical device enough to enhance the homogeneity of the
clectrolyte distribution 1n the cell. The enhanced homoge-
neity can be suilicient to increase the capacity and cycling
properties ol batteries. Accordingly, the cycling perfor-
mance of the battery can be enhanced by the siloxanes in the
solvent and by the passivation layer stability.

[0020] The solvent can also include or consist of one or
more silanes. Silanes can have a viscosity that 1s reduced
even relative to similarly structured polysiloxanes, tetrasi-
loxanes, trisiloxanes or disiloxanes. The additional reduc-
tion 1n viscosity can further increase the conductivity of the
clectrolyte and improve wetting of electrodes 1n an electro-
chemical device enough to further increase the capacity and
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cycling properties of batteries. Accordingly, the cycling
performance of the battery can be enhanced by both the
silanes 1n the solvent and by the passivation layer stability.

[0021] The tetrasiloxanes, trisiloxanes, disiloxanes and/or
silanes can also provide an electrolyte with high ionic
conductivities 1n addition to enhanced cycling properties.
For instance, one or more of the silicons in the tetrasilox-
anes, trisiloxanes, disiloxanes and/or silanes can each be
linked to a first substituent that includes a poly(alkylene
oxide) moiety. The poly(alkylene oxide) moieties can help
dissolve lithium salts employed 1n the electrolyte. Accord-
ingly, the tetrasiloxanes, trisiloxanes, disiloxanes and/or
silanes can provide an electrolyte with a concentration of
free 1ons suitable for use in batteries. Additionally, the
poly(alkylene oxide) moieties can enhance the 10onic con-
ductivity of the electrolyte at room temperatures. For
instance, these siloxanes and/or silanes can yield an elec-
trolyte with an ionic conductivity higher than 1x10™* S/cm
at 25° C. or higher than 3x10™* S/cm at 37° C. At these
performance levels, the electrolytes can be suitable for use
in batteries such as high-energy and long cycle life lithium
secondary batteries, satellite applications, and biomedical
devices such as defibrillators.

10022] The presence of the organic solvents in the elec-
trolyte can further reduce the viscosity of the siloxanes
and/or the silanes. Additionally or alternately, the addition of
organic salts can increase the 1onic conductivity of the
clectrolyte. Examples of suitable organic solvents include,
but are not limited to, cyclic carbonates, linear carbonates,
dialkyl carbonates, aliphatic carboxylate esters, gamma.-
lactones, linear ethers, cyclic ethers, aprotic organic sol-
vents, and fluorinated carboxylate esters. In some 1nstances,
the solvent excludes organic solvents. In some instances, the
solvent excludes siloxanes and silanes. A suitable volume
ratio of the total organic solvents to the total siloxane and
silane 1s greater than 1:4, or 3.7 and/or less than 2:1. The
volume ratio 1s preferably less than 1:4 or 1:1.

10023] FIG. 1 is a schematic view of a suitable battery 22.
The battery 22 includes an electrolyte 40 activating a
cathode 42 and an anode 44. A separator 46 separates the
cathode 42 and anode 44. The cathode 42 includes a cathode
medium 48 on a cathode substrate 50. The anode 44 includes
an anode medium 52 on an anode substrate 54. Although the
battery 1s 1llustrated as including one anode and one cathode,
the battery can include more than one anode and/or more
than one cathode with the anodes and cathodes each sepa-
rated by a separator. Additionally, the battery can have a
variety of diflerent configurations such as stacked configu-
ration, a ‘““jellyroll” or wound configurations. In some
instances, the battery 1s hermetically sealed. Hermetic seal-
ing can reduce entry of impurities into the battery. As a
result, hermetic sealing can reduce active material degrada-
tion reactions due to impurities. The reduction 1n 1mpurity
induced lithium consumption can stabilize battery capacity.

[0024] Suitable cathode substrates 50 include, but are not
limited to, aluminum, stainless steel, titanium, or nickel
substrates. An example of a cathode substrate that can
enhance conductivity 1s a carbon coated aluminum current
collector. The carbon coating may be applied using any
suitable process known 1n the art, such as by coating a paste
made of carbon and a binder. The thickness of the carbon
coating can be less than 15 microns, less than 10 microns,
about 3 microns or less, and less than 2 microns.
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[0025] The cathode medium 48 includes or consists of one
or more cathode active materials. Suitable cathode active
materials include, but are not limited to, L1, VO,, Li1CoO,,
LiN10,, LiN1, _,.Co,Me,O,LiMn, sNi, 50,, LiMn, 5,Co,,
»Ni1, ,5,0,, LiFePO,, LiMn,0,, LiFeO,, LiMc, sMn, 0,
LiMn, -McO,, vanadium oxide, lithium vanadium oxides,
carbon fluoride (CF,..) and mixtures thereof wherein Me 1s
Al, Mg, T1, B, Ga, S1, Mn, Zn, Mo, Nb, V and Ag and
combinations thereof, and wherein Mc 1s a divalent metal
such as Ni, Co, Fe, Cr, Cu, and combinations thereof. In
some 1nstances, X 1s =% before initial discharge of the
battery and/or y 1s 1n a range of 73 to 3 before initial
discharge of the battery and/or X' 1s =0 before mitial
discharge of the battery and/or 1-x'+y'+z'=1 and/or x" 1s 20
or X" 1s 20.2 before 1nitial discharge of the battery. Example
cathode materials include one or more lithium transition

metal oxides selected from the group consisting of L1, VO,
such as [1V,0,, and 11V 0O,,, Li1CoO,, LiN10O,, LiNi1,_

x(;o},MeEOZ, | LiMnD_SN.iD_S()z, .LiMnD_3C00_3NiD_302,,
LiFePO,, LiMn,O,, LiFeO,, LiMc, Mn, .O,, and
LiMnO,.

[0026] The cathode medium 48 can optionally include
binders and/or conductors such as PVDEF, graphite and
acetylene black 1n addition to the one or more cathode active
materials. Suitable binders include, but are not limited to,
PVdF, tluoropolymer, polytetrafluoroethylene or polyvi-
nylidene fluoride present at about 1 to about 5 weight
percent of the cathode active material, and styrene butadiene
rubber (SBR). Suitable conductors and/or diluents include,
but are not limited to, acetylene black, carbon black and/or
graphite or metallic powders such as powdered nickel,
aluminum, titanium and stainless steel.

[0027] A suitable material for the anode substrate 54
includes, but 1s not limited to, titanium, a titanium alloy,
stainless steel, nickel, copper, tungsten, tantalum and alloys

thereof.

[0028] The anode medium 52 includes or consists of one
or more components selected from the groups consisting of
lithium metal, lithium metal alloys, and lithium intermetallic
compounds. The anode active material can include one or
more layers of a material that includes lithium and one or
more layers of other anode materials. Suitable lithium metal
alloys can be a substitutional alloy or an interstitial alloy.
Examples of suitable alloys include, but are not limited to,
[1—S1, Li—B, L1i—S1—B, Li—Al. Another example of a
suitable lithium alloy 1s a lithtum-aluminum alloy. However,
increasing the amounts of aluminum present 1n the alloy can
reduce the energy density of the cell. Examples of suitable
intermetallic compounds include, but are not limited to,
intermetallic compounds that include lithium metal and one
or more components selected from the group consisting of
T1, Cu, Sb, Mn, Al, Ge, S1, Pb, Sn, In, B1, Ag, Ba, Ca, Hg,
Pd, Pt, Te, Zn and La. In some instances, the anode active
material consists of lithium metal. Further, the anode active
medium can serve as both the anode active medium and as
the anode substrate. For instance, the anode can consist of
lithium metal. The reaction potential for lithium metals to
give up electrons 1s generally less than 1 V versus Li/L1™
equilibrium potential. In instances where the anode includes
a substrate, suitable methods for placing the anode active
material on the anode substrate include, but are not limited
to, lamination, deposition, sputtering, or dipping.
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[10029] In some instances, the anode consists of the anode
medium. Accordingly, the anode medium also serves as the
anode substrate. For instance, the anode can consist of
lithium metal.

[0030] Suitable separators 46 include, but are not limited
to, polyolefins such as polyethylene. Illustrative separator
materials also include fabrics woven from fluoropolymeric
fibers including polyvinylidine fluoride, polyethylenetet-
rafluoroethylene, and polyethylenechlorotrifluoroethylene
used either alone or laminated with a fluoropolymeric
microporous 1ilm, non-woven glass, polypropylene, poly-
cthylene, glass fiber materials, ceramics, polytetratluoroet-
hylene membrane commercially available under the desig-
nation ZITEX  (Chemplast Inc.), polypropylene/
polyethylene membrane commercially available under the
designation CELGARD (Celanese Plastic Company, Inc.), a
membrane commercially available under the designation
DEXIGLAS (C. H. Dexter, Div.,, Dexter Corp.), and a
polyethylene membrane commercially available from Tonen
Chemical Corp.

[0031] The electrolyte includes one or more salts in a
solvent. The one or more salts can include or consist of an
organoborate salts. Suitable organoborate salts 1nclude
lithium organoborate salt. The organoborate salt can be a
bis[ bidentate |borate, also known as a bis|chelato Jborate.
Suitable bis|[bidentate]borates include aromatic bis| biden-
tate Jborates such as bis|benzenediolato(2-)-O,0'[borate, bis
| substituted benzenediolato(2-)-O,0'[borate, bis|salicylato]
borate,  bis[substituted  salicylato]borate,  bis[2,2'-
biphenyldiolato(O,0") |borate, and bis|substituted 2,2'-
biphenyldiolato(O,0") |borate]. In some instances, the
organoborate salt 1s a nonaromatic bis|[ bidentate |borate,
such as bis|oxalato(2-)-O,0' |borate, bis| malonato(2-)-O,0"
borate, bis|succinato|borate, |.alpha.-hydroxy-carboxylato

borate, [.alpha.-hydroxy-carboxylato]borate, [.beta.-hy-
droxy-carboxylato |borate, | .beta.-hydroxy-carboxylato]
borate, [.alpha.-dicarboxylato|borate, and [.alpha.-

dicarboxylato [borate. Examples of lithium bis(bidentate)
salts include lithtum bis(tetratfluoroethylenediolato)borate
L1B(OCF,CF,QO),, lithium bis(thexafluoropropylenediola-
to)borate LiB[OCF(CF,)CF,O], and lithtum bis[ 1,2-tetraki-
s(trifluoromethyl)ethylenedialato(2-)O,0-'|borate or lithium
bis(perfluoropinacolato)borate LiB[OC(CF,),C(CF,),0],.
A preferred lithium bis(bidentate) salt 1s lithium bis-oxalato
borate (L1BOB).

[0032] One example of the organoborate salt includes: a
boron linked directly to at least two oxygens and an organic
moiety linking two of the oxygens. In some instances, the
boron 1s also linked directly to two halogens. Another
example of the organoborate salt includes: a boron linked
directly to each of four oxygens; a first organic moiety
linking two of the oxygens; and a second organic moiety
linking the other two oxygens. The first organic moiety and
the second organic moiety can be the same or diflerent. The
first organic moiety and/or the second organic moiety can
be: substituted or unsubstituted; and/or branched or
unbranched; and/or saturated or unsaturated. The backbone
ol an organic moieties extending between the boron linked
oxygens can include only carbons or can include carbons
and one or more oxygens. In some 1nstances, one or both of
the organic moieties are halogenated. In one example, the
first organic moiety and/or the second organic moiety 1is
fluorinated.
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[0033] An example of the organoborate salt is represented
by the following Formula I-A:

Y/O‘\B,/O\Y
1 2
_ \O/ \O/ _

wherein M™ 1s a metal ion selected from the Group I or
Group II elements; Y, and Y, are each selected from the
group consisting, of —CX(CR,), CX—,
—CZ7CR,) CZZ-, —CX(CR,),CZZ'-,
—S0,(CR,),SO,—, and —CO(CR,),,SO,—; X 1s =0 or
—NR', Z 1s alkyl, halogenated alkyl, —C=NR', CR', or R";
7! 1s alkyl, halogenated alkyl, —C=NR', CR'; or R"; R' 1s
halogen or hydrogen; R 1s hydrogen, alkyl, halogenated
alkyl, cyano, or halogen; a1s O to 4 and b1s 1 to 4. M™ 1s
preferably selected from Group I and 1s most preferably
lithium. Y, and Y, can be the same or different. Z and Z!' can
be the same or different. The R' can be the same or different
and the R can be the same or different.

[0034] In an example of an organoborate salt according to
Formula I-A, Y, and Y, are each —CX(CR,) CX—; each X
1s =0 and each R 1s hydrogen. In another example of the
organoborate salt, Y, and Y, are each —CX(CR,) CX—;
cach X 1s =0 and each R 1s a halogen. In another example

of the organoborate salt, Y, and Y, are each
—CX(CR,), CX—; each X 1s =0 and each R 1s fluoro.

[0035] In a preferred example of an organoborate salt
according to Formula I-A, Y, and Y, are each
—CZ7'(CR,) CZZ!-; each of the R' 1s hydrogen and each of
the R are hydrogen. In another preferred example, Y, and Y,
are each —CZ7Z(CR,) CZ7Z!-; each of the R' 1s halogen and
cach of the R are halogens. In another preferred example, Y,
and Y, are each —CZZ'(CR,) ,CZZ'-; each of the R' 1s

fluorine and each of the R are fluorine.

[0036] Other suitable organoborate salts for use with the
battery include mono|bidentate Jborates. For instance, the
salt can be a dihalo mono| bidentate Jborate such as a dihalo
oxalato borate. An example of a dihalo oxalato borate 1s a
difluoro oxalato borate. The organoborate salts can be
lithium organoborate salts such as lithium mono| bidentate]
borate. For instance, the salt can be a lithium dihalo mono
| bidentate Jborate such as a lithium dihalo oxalato borate. A

preferred lithtum dihalo oxalato borate 1s a lithtum difluoro
oxalato borate (L1DIOB).

[0037] The organoborate salt can include a boron linked
directly to two halogens and also linked directly to two
oxygens that are linked to one another by an organic moiety.
The organic moiety and/or the second organic moiety can
be: substituted or unsubstituted; and/or branched or
unbranched; and/or saturated or unsaturated. The backbone
of the organic moiety can include only carbons or can
include carbons and one or more oxygens. In some
instances, the organic moiety 1s completely or partially
halogenated. In one example, the organic moiety 1s fluori-
nated.
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[0038] An example of the organoborate salt 1s represented
by the following Formula I-B:

O RH- -

wherein M™ 1s a metal ion selected from the Group I or
Group 1I elements; Y, 1s selected from the group consisting
of —CX(CR,), CX—, —CZ7'(CR,) CZZ'-,
—CX(CR,), CZZ-, —S0,(CR,),SO,—, and
—CO(CR,),SO,—; X 1s =0 or =NR/, Z 1s alkyl, haloge-
nated alkyl, —C=NR', CR'; or R"; Z' 1s alkyl, halogenated
alkyl, —C=NR', CR'; or R'; R" 1s a halogen; R' 1s halogen
or hydrogen; R 1s hydrogen, alkyl, halogenated alkyl, cyano,
or halogen; ais O to 4 and b is 1 to 4. M™ 1s preferably
selected from Group I and 1s most preferably lithium. Z and
7' can be the same or different. The R" can be the same or
different. The R' can be the same or different. The R can be

the same or different.

10039] In an example of an organoborate salt according to
Formula I-B, Y, 1s —CX(CR,),CX—; each X 1s =0 and
cach R" 1s a halogen. In another example of the organoborate
salt, Y5 1s —CX(CR,) CX— and each R" 1s a fluorine.

[0040] In some instances, the organoborate salt is a tri-
dentate borate such as a lithium tridentate borate. Alter-
nately, the organoborate salt can be a tetradentate borate
such as lithium tetradentate borate. An example lithium

tetradentate borate includes LiB| OC(CF,), |,.

[0041] Examples of organoborate salts are disclosed in

U.S. Provisional Patent Application Ser. No. 60/565,211,
filed on Apr. 22, 2004, entitled “Organoborate Salt 1n
Electrochemical Device Electrolytes,” and incorporated
herein 1n its entirety; and i U.S. Provisional Patent Appli-
cation Ser. No. 60/563,850, filed on Apr. 19, 2004, entitled
“Organoborate Salt in Electrochemical Device Electro-
lytes,” and incorporated herein in 1its entirety; and in U.S.
Provisional Patent Application Ser. No. 60/563,848, filed on
Apr. 19, 2004, entitled “Composition Check for Organobo-
rate Salt Employed 1n Electrochemical Device Electrolytes,”
and 1ncorporated herein 1n 1ts entirety.

[0042] The electrolyte can include one or more salts in
addition to the one or more organoborate salts or as an
alternative to the one or more organoborate salts. Suitable
salts for use with the electrolyte include, but are not limited
to, alkali metal salts including lithium salts. Examples of
lithium salts include LiCl10O,, LiBF,, LiAsF ., LiPF, LiSbF,,
Li1CFS0O,, LiC.F.SO,, LiC,F,CO,, LiC(CF;S0,);,
LiIN(SO,C,F),, LIN(SO,CF,),, L1AICl,, [1GaCl,, LiSCN,
[10,, Li1O,SCF,, LiO,CCF,, LiSO./F, LiB(C/H:).,.
L1B, Cl,,, lithium lower aliphatic carboxylate, chloroboran
lithium, lithium tetraphenylborate, LiBr, Lil, LiSCN, LiCl,
imides, Li-methide, Li-imide, lithium alkyl fluorophos-
phates and mixtures thereof. In some 1nstances, the electro-
lyte includes one or more of these salts and excludes
organoborate salts.

10043] In some instances, the electrolyte is prepared such
that the total concentration of the one or more salts 1n the
clectrolytes 1s about 0.1 to 2.0 M, about 0.5 to 1.5 M, or
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about 0.7 to 1.2 M. In some 1instances, the one or more
organoborate salts are preferably present 1n the electrolyte at
a concentration of about 0.1 to 2.0 M, about 0.5to 1.5 M, or
about 0.7 to 1.2 M. In some 1instances, the one or more
organoborate salts are present 1n a concentration less than

1.5 M, or less than 0.1 M, or less than 0.05 M and other salts
are present 1n the electrolyte.

10044] The solvent can include or consist of one or more
polysiloxanes having a backbone with five or more silicons.
One or more of the silicons can be linked to a first substituent
and/or to a second substituent. The first substituent includes
a poly(alkylene oxide) moiety and the second substituent
includes a cyclic carbonate moiety. Suitable first substituents
include side chains or cross links to other polysiloxanes.
Further, each of the first substituents can be the same or
different. In one example of the polysiloxane, each of the
first substituents 1s a side chain. Suitable second substituents
include side chains. Further, each of the second substituents
can be the same or different. Each of the second substituents
can be the same or different. In some instances, the terminal
silicons 1n the backbone are not linked to either a first
substituent or a second substituent. Each of the non-terminal
s1licons can be linked to at least one first substituent or to at
least one second substituent. In some instances, the polysi-
loxane excludes second substituents. One or more of the
s1licons 1n the backbone of the polysiloxane can be linked to
a cross-link to another polysiloxane. The cross-link can
include a poly(alkylene oxide) moiety. Examples of suitable
polysiloxanes are disclosed 1in U.S. patent application Ser.
No. 10/810,019, filed on Mar. 25, 2004, entitled “Polysilox-
ane for Use in Electrochemical Cells,” and incorporated
herein 1n 1ts entirety.

10045] Examples of suitable polysiloxanes have a struc-
ture according to General Formula 11

R, R R R R,

| |
R3—Si—o—fSi—Oﬂﬂ—fTi—Oﬂm—fTi—Oﬂk—Si—m

R Rs R¢ Ry R

where R 1s alkyl or aryl; R, 1s alkyl or aryl; R, 1s represented

by:
—Ryp
R- \ 4
|
— Ry~ CH,—CH—O0+—Rs o O:
(CH,)—O

R, 1s a cross link that links the polysiloxane backbone to
another polysiloxane backbone; R 1s represented by:

R7

|
— Ry—FCH,—CH—0+—Ry;
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R, 1s represented by:

—Ryo
N—o
O;
(CH,)q—O

R- 1s hydrogen; alkyl or aryl; R 1s alkyl or aryl; Rg 1s oxygen
Or an organic spacer; R, 1s an oXygen or an organic spacer;
k 1s O or greater than O; p 1s 3, greater than 3 and/or less than
20; g 1s 1 to 2; m 1s O or greater than 0 and n 1s O or greater
than O and can be 2 to 25. In some instances, n+m+k 1s 3 or
greater than 3. In some 1nstances, m 1s greater than 0 and a
ratio of nim 1s 1:1 to 100:1 and 1s more preferably 5:1 to
100:1. One or more of the alkyl and/or aryl groups can be
substituted, unsubstituted, halogenated, and/or fluorinated. A
suitable organic spacer can include one or more —CH,—
groups. Other suitable spacers can include an alkylene,
alkylene oxide, or bivalent ether moiety. These spacers can
be substituted or unsubstituted. The above spacers can be
completely or partially halogenated. For instance, the above
spacers can be completely or partially fluorinated. In one
example, Ry, 1s represented by: —O—(CH,);—0O— or
—(CH,);—0O— with the oxygen linked to the polyethylene
oxide moiety. In another example, R,, 1s represented by:
—CH,—O—(CH, );— where the single —CH,— group 1s
positioned between the carbonate and the oxygen or
—CH,—O

[0046] In instances, where a polysiloxane according to
Formula II includes one or more cross links, a suitable ratio
for (number of cross links):(m+n) includes, but 1s not limited

to, a ratio 1 a range of 1:4 to 1:200, 1n a range of 1:6 to
1:100, or 1n a range of 1:6 to 1:70.

10047] Each ofthe R, can be the same or different. In some
instances, one of the R, includes a poly(alkylene oxide)
moiety and another R, includes a cyclic carbonate moiety.
The structures of R, can be the same as the structure of R..
In some instances, the R, structures are diflerent from the R..
structures. When m 1s greater than O, the structures of R, can
be the same as the structure of R,. In some 1nstances, the R,
structures are different from the structure of R,. In some
instances, m 1s 0 and R, and R. each have a structure
according to:

Ry

|
— Ry—F CH;—CH—0+—R;

and the structures for R, are different from the structure for
R. or the same as the structure for R..

[0048] When a polysiloxane according to General For-
mula I 1s to be employed 1n an electrolyte, a suitable average
molecular weight for the polysiloxane includes, but 1s not
limited to, an average molecular weight less than or equal to

3000 g/mole.

[0049] The solvent can include or consist of one or more
tetrasiloxanes. Tetrasiloxanes can have a reduced viscosity
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relative to similarly structured tetrasiloxanes. A suitable
tetrasiloxane has a backbone with two central silicons and
two terminal silicons. One or more of the silicons can be
linked to a first substituent and/or to a second substituent.
The fist substituent includes a poly(alkylene oxide) moiety
and the second substituent includes a cyclic carbonate
moiety. Suitable first substituents include side chains or
cross links to other tetrasiloxanes. Further, each of the first
substituents can be the same or different. In one example of
the tetrasiloxane, each of the first substituents 1s a side chain.
Suitable second substituents include side chains. Further,
each of the second substituents can be the same or different.
Each of the second substituents can be the same or different.
In some 1nstances, the terminal silicons 1n the backbone are
not linked to either a first substituent or a second substituent.
Each of the central silicons can be linked to at least one first
substituent or to at least one second substituent. In some
instances, the tetrasiloxane excludes second substituents.
One or more of the silicons 1in the backbone of the tetrasi-
loxane can be linked to a cross-link to another tetrasiloxane.
The cross-link can include a poly(alkylene oxide) moiety.
Examples of suitable tetrasiloxanes are disclosed in U.S.
patent application Ser. No. 11/056,868, filed on Feb. 10,
2003, entitled “Electrochemical Device Having Electrolyte
Including Tetrasiloxane,” and U.S. patent application Ser.
No. 10/971,926, filed on Oct. 21, 2004, entitled “Electro-

chemical Device Having Flectrolyte Including Tetrasilox-

22

ane,” and U.S. Provisional Patent Application Ser. No.
60/543,951, filed on Feb. 11, 2004, entitled “Siloxane,” each
of which 1s incorporated herein in its entirety.

[0050] An example of a suitable tetrasiloxane includes a
backbone with a first silicon linked to a first side chain that
includes a poly(alkylene oxide) moiety. Additionally, a
second silicon 1n the backbone 1s linked to a second side
chain that includes a poly(alkylene oxide) moiety or a cyclic
carbonate moiety. In some instances, the first silicon and the
second silicon are each terminal silicons. In other instances,
the first silicon and the second silicon are each central
silicons.

[0051] As the number of substituents that include a poly-
(alkylene oxide) moiety and/or a cyclic carbonate moiety
increases, the viscosity of an electrolyte can increase unde-
sirably and/or the 1onic conductivity of an electrolyte can
decrease undesirably. As a result, in some instances, the
tetrasiloxane includes no more than two poly(alkylene
oxide) moieties or no more than one poly(alkylene oxide)
moiety. Additionally or alternately, the tetrasiloxane can
include no more than two carbonate moieties or no more
than one carbonate moiety. For instance, a third one of the
silicons and a fourth one of the silicons can each be linked
to entities that each exclude a poly(alkylene oxide) moiety
and/or that each exclude a cyclic carbonate moiety. For
instance, the third silicon and the fourth silicon can each be
linked to substituents such as side chains that each exclude
a poly(alkylene oxide) moiety and/or that each exclude a
cyclic carbonate moiety. In some 1nstances, the entities
linked to the backbone of the tetrasiloxane other than the
first side chain and the second side chain each exclude a
poly(alkylene oxide) moiety and/or a cyclic carbonate moi-
ety. For instance, the entities linked to the backbone of the
tetrasiloxane other than the first side chain and the second
side chain can each be a substituent such as a side chain and
cach of these substituents can exclude a poly(alkylene
oxide) moiety and/or a cyclic carbonate moiety.
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[0052] A silicon on the tetrasiloxane backbone can be
linked directly to a poly(alkylene oxide) moiety or a spacer
can be positioned between the poly(alkylene oxide) moiety
and the silicon. The spacer can be an organic spacer. When
the first silicon and the second silicon are each central
silicons linked directly to a side chain that includes a
poly(alkylene oxide) moiety, the poly(alkylene oxide) moi-
cties each include an oxygen linked directly to the backbone.
The poly(alkylene oxide) moiety can be an oligo(alkylene

oxide) moiety. In some instances, the poly(alkylene oxide)
moiety 1s a poly(ethylene oxide) moiety.

Formula III-A:
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R, 1s represented by: —(CH, );—. In one example: R, ; R,;
R;; R4 R Re; Ry; and R, are each methyl groups.

[0055] Examples of preferred tetrasiloxanes according to
Formula III are represented by Formula III-A through For-
mula III-B. Formula III-A illustrates an example of a tet-
rasiloxane having terminal silicons linked to side chains that
include an organic spacer linking a poly(alkylene oxide)
moiety to a terminal silicon. Formula III-B illustrates an
example of a tetrasiloxane having terminal silicons that are
cach linked to an oxygen included 1n a poly(alkylene oxide)
moiety.

H;C CH; H3C CHj

CH;0(CH,CH,Ow(CH, )3—Si— O—Si—0—Si— 0 —Si— (CH, )30(CH,CH,0)mCH;

[0053] When a silicon is linked to side chains that includes
a cyclic carbonate moiety, the side chain can include a spacer
that links the carbonate moiety to the silicon or an oxygen
can link the cyclic carbonate moiety to the silicon. The
spacer can be an organic spacer.

[0054] In instances where the first silicon and the second
silicons are each termunal silicons, the first and second
silicons can each be linked to a side chain that includes a
poly(alkylene oxide) moiety. Formula III provides an
example of a tetrasiloxane where the first silicon and the
second silicon are each terminal silicons linked to a side

chain that includes a polvethylene oxide moiety. Formula
I11:

wherein R, 1s an alkyl group; R, 1s an alkyl group; R, 1s an
alkyl group or an aryl group; R, 1s an alkyl group or an aryl
group; R< 1s an alkyl group or an aryl group; R, 1s an alkyl
group or an aryl group; R, 1s mil or a spacer; R, 1s nil or a
spacer; Ry 1s a hydrogen, an alkyl group or an aryl group;
R 1s a hydrogen, an alkyl group or an aryl group; R, 1s an
alkyl group or an aryl group; and R, , 1s an alkyl group or an
aryl group; x 1s 1 or greater and/or 12 or less and y 1s 1 or
greater and/or 12 or less. One or more of the alkyl and/or
aryl groups can be substituted, unsubstituted, halogenated,
and/or tfluormated. The spacers can be organic spacers and
can include one or more —CH,— groups. Other suitable
spacers can include an alkylene, alkylene oxide or a bivalent
cther group. These spacers can be substituted or unsubsti-
tuted. The above spacers can be completely or partially
halogenated. For instance, the above spacers can be com-

pletely or partially fluorinated. In one example, R, and R,
are each nil or are each a spacer. In one example, R, and/or

Si—R;—O—F CH,—CH—O

H,C CH; CH; CH,

whereinnis 1 to 12 and mis 1 to 12.

Formula I1I-B:

O
CH3(OCH,CH),0 = 8i = 0= 8i—0=8i—0—8i— O(CH,CH;0),CH;
CH; CH; CH; CH;

whereinnis 1 to 12 and mis 1 to 12.

[0056] Another suitable tetrasiloxane has a backbone with
one of two central silicons linked to a side chain that
includes a poly(alkylene oxide) moiety and the other central
silicon linked to a side chain that includes a poly(alkylene

‘ ipl ST

Ry

oxide) moiety or a carbonate moiety. When each of the
central silicons 1s linked to a side chain that includes a

poly(alkylene oxide) moiety, the poly(alkylene oxide) moi-
eties each include an oxygen linked directly to a silicon 1n
the backbone.

[0057] Another example of a suitable tetrasiloxane is
represented by Formula IV.

Formula I'V:

/351 O—S1—0O0—>51 O—>S173

Ry R>3

wherein: R, 1s an alkyl group or an aryl group; R,, 1s an
alkyl group or an aryl group; R, 1s represented by Formula
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IV-A; R, 1s represented by Formula IV-B or IV-C and each
7. 1s an alkyl or an aryl group. The Zs can be the same or can

be different.

Formula IV-A:
Rys

|
_R24_O_f CHg_CH_OﬂP_ Rzﬁl

wherein R,, 1s an organic spacer or nil; R,. 1s hydrogen,
alkyl or aryl; R, 1s alkyl or aryl and p 1s 1 or more and/or
12 or less. The organic spacer and can include one or more
—CH,— groups. Other suitable spacers can include an
alkylene, alkylene oxide or a bivalent ether group. These
spacers can be substituted or unsubstituted. The above
spacers can be completely or partially halogenated. For
instance, the above spacers can be completely or partially

fluorinated. In one example, R,, 1s represented by:
—(CHy)3—

Formula IV-B:
Rog

O—F CH, —CH—07—Roy:

wherein R, 1s hydrogen, alkyl or aryl; R, 1s alkyl or aryl;
q 1s 1 or more and/or 12 or less.

Formula IV-C:

_Rg[} O

(CH,)r—O

wherein R, 1s an organic spacer and r 1s 1 or 2. Suitable
organic spacers for Formula IV through IV-C can include
one or more —CH,— groups. Other suitable spacers can
include an alkylene, alkylene oxide or a bivalent ether
group. These spacers can be substituted or unsubstituted.
The above spacers can be completely or partially haloge-
nated. For 1nstance, the above spacers can be completely or
partially fluorinated. In one example, R, 1s a bivalent ether
moiety represented by: —CH,—O—(CH,);— with the
—(CH,);— linked to a silicon on the backbone of the
tetrasiloxane. In another example, R, 1s an alkylene oxide
moiety represented by: —CH,—O— with the oxygen
linked to a silicon on the backbone of the tetrasiloxane.

[0058] One or more of the alkyl and aryl groups specified
in Formula IV through Formula IV-C can be substituted,
unsubstituted, halogenated, and/or fluorinated. When R, 1s
according to Formula IV-B, R, can be nil or can be a spacer.
In one example, R,; 1s according to Formula IV-C and R,
1s represented by: —CH,—O—(CH, );,— where the single
—CH,— group 1s positioned between the carbonate and the
oxygen. In an example, the Zs, R,,, R,,, R,., and R, are
each a methyl group. In another example, R, 1s represented
by Formula IV-A and R,, 1s represented by Formula 1V-B
and 1n another example R.,; 1s represented by Formula IV-A
and R, 1s represented by Formula IV-C.

[0059] Examples of tetrasiloxanes according to Formula
IV are represented by Formula IV-D through Formula IV-F.
Formula IV-D represents a tetrasiloxane where each of the
central silicons 1s linked to a side chain that includes a
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poly(ethylene oxide) moiety. The central silicons are each
linked directly to an oxygen included in a poly(ethylene
oxide) moiety. Formula IV-E and Formula IV-F each rep-
resent an example of a tetrasiloxane wherein a central silicon
1s linked to a side chain that includes a poly(alkylene oxide)
moiety and another central silicon 1s linked to a side chain
that includes a carbonate moiety. In Formula IV-E, an
organic spacer 1s positioned between the poly(alkylene

oxide) moiety and the silicon. In Formula IV-F, a silicon 1s
linked directly to an oxygen included in a poly(alkylene
oxide) moiety.

Formula IV-D:
e
H3C /CH3
H:C >Si 0O—Sj O—S; O N -y CHj; whereinn is 1 to 12.
H;C \ CH;
O O
H C/
CH, H
/ \
HEC\ /CH2
O Q
Y
H;C CH,
Formula IV-E:
H3C H3C CH3 THg
H3C—Sl— _Sl_ _SI_O_TI_CH3, whereinnis 1 to 12.
CH3 i CH;
02
O
| I / ] O
1
O
Formula IV-F:
H;C H3C THS TH3
| |
H;C—Si— O0—8Si—O0—8i—0—S8Si—CHj3; wheremnnis 1to12.
o |
CH3 CH3
O
1
H;C
O

[0060] The solvent can include or consist of one or more
trisiloxanes. Trisiloxanes can have a reduced viscosity rela-
tive to similarly structured, polysiloxanes and tetrasiloxanes.
A suitable trisiloxane has a backbone with three silicons.
One or more of the silicons 1s linked to a first substituent
and/or to a second substituent. The {fist substituent includes
a poly(alkylene oxide) moiety and the second substituent
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includes a cyclic carbonate moiety. Suitable first substituents
include side chains or cross links to other trisiloxanes. When
the trisiloxanes includes more than one first substituent, each
of the first substituents can be the same or different. In one
example of the polysiloxane, each of the first substituents 1s
a side chain. Suitable second substituents include side
chains. When the trisiloxanes includes more than one second
substituent, each of the second substituents can be the same
or different. In some 1nstances, the terminal silicons in the
backbone are not linked to either a first substituent or a
second substituent. The central silicons can be linked to at
least one first substituent or to at least one second substitu-
ent. In some instances, the trisiloxane excludes second
substituents. One or more of the silicons 1n the backbone of
the trisiloxane can be linked to a cross-link to another
trisiloxane. The cross-link can include a poly(alkylene
oxide) moiety. Examples of suitable trisiloxanes are dis-
closed 1n U.S. patent application Ser. No. 11/056,867, filed
on Feb. 10, 2003, entitled “Electrochemical Device Having
Electrolyte Including Trisiloxane,” incorporated herein 1n 1ts
entirety, and U.S. patent application Ser. No. 10/971,913,
filed on Oct. 21, 2004, entitled “Electrochemical Device
Having Electrolyte Including Trisiloxane,” incorporated

herein 1n 1ts entirety, and U.S. Provisional Patent Application
Ser. No. 60/543,951, filed on Feb. 11, 2004, entitled “Silox-
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ane,” and incorporated heremn in its enftirety; and U.S.
Provisional Patent Application Ser. No. 60/542,017, filed on
Feb. 4, 2004, entitled “Nonaqueous Electrolyte Solvents for
Electrochemical Devices,” and incorporated herein in 1ts
entirety; and U.S. Provisional Patent Application Ser. No.
60/543,898, filed on Feb. 11, 2004, entitled “Siloxane Based
Electrolytes for Use 1n Electrochemical Devices,” and incor-
porated herein 1n its entirety.

[0061] A suitable trisiloxane includes a backbone with a
first terminal silicon, a central silicon and a second terminal
silicon. The first terminal silicons 1s linked to a first side
chain that includes a poly(alkylene oxide) moiety or that
includes a cyclic carbonate moiety. The second terminal
silicon 1s linked to a second side chain that includes a
poly(alkylene oxide) moiety or that includes a cyclic car-
bonate moiety. The first side chain and the second side chain
can each include a poly(alkylene oxide) moiety or can each
include a cyclic carbonate moiety. Alternately, the first side
can include a poly(alkylene oxide) moiety and the second
side chain can include a cyclic carbonate moiety. In one
example, the second side chain includes a cyclic carbonate
moiety and the first side chain includes an organic spacer
linking a poly(alkylene oxide) moiety to the first terminal
s1licon.

[0062] As the number of substituents that include a poly-
(alkylene oxide) moiety and/or a cyclic carbonate moiety
increase, the viscosity of an electrolyte can increase unde-
sirably and/or the 1onic conductivity of an electrolyte can
decrease undesirably. As a result, the trisiloxane can include
no more than two poly(alkylene oxide) moieties or no more
than one poly(alkylene oxide) moiety. Additionally or alter-
nately, the trisiloxane can include no more than two carbon-
ate moieties or no more than one carbonate moiety. For
instance, each of the entities linked to the central silicon can
exclude a poly(alkylene oxide) moiety and/or a cyclic car-
bonate moiety. Additionally or alternately, the entities linked
to the first terminal silicon other than the first side chain and
the entities linked to the second terminal silicon other than
the second side chain can each exclude a poly(alkylene
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oxide) moilety and/or a cyclic carbonate moiety. In one
example, each of the enfities linked to the silicons in the
backbone of the trisiloxane other than the first side chain and
other than the second side chain exclude both a poly(alky-
lene oxide) moiety and a cyclic carbonate moiety. Examples
of entities that may be linked to the silicons include, but are
not limited to, substituents such as side chains, cross-links

and halogens.

[0063] Formula V provides an example of the trisiloxane.
Formula V:

Rs R, R;

Rg—Si—O0—Si—0—Si—R:

Rg Ry Ry

wherein R, 1s an alkyl group; R, 1s an alkyl group; R, 1s an
alkyl group or an aryl group; R, 1s an alkyl group or an aryl
group; R 1s an alkyl group or an aryl group; R, 1s an alkyl
group or an aryl group; R 1s represented by Formula V-A or
Formula V-B; R, 1s represented by Formula V-C or Formula
V-D.

Formula V-A:
R

|
Rg_o_fCHg_CH_OﬂH_R“:

wherein R, 1s mil or a spacer; R, 1s hydrogen; alkyl or aryl;
R,; 1s alkyl or aryl; and n 1s 1 to 12. The spacer can be an
organic spacer and can include one or more —CH,—
groups. Other suitable spacers can include an alkylene,
alkylene oxide or a bivalent ether group. These spacers can
be substituted or unsubstituted. The above spacers can be
completely or partially halogenated. For instance, the above
spacers can be completely or partially fluorinated. In one
example, R, 1s represented by: —(CH,);—.

Formula V-B:

_R12 O

(CHy)p—0O

wherein R, , 1s an organic spacer and p 1s 1 to 2. The spacer
can be an organic spacer and can include one or more
—CH,— groups. Other suitable spacers can include an
alkylene, alkylene oxide or a bivalent ether group. These
spacers can be substituted or unsubstituted. The above
spacers can be completely or partially halogenated. For
instance, the above spacers can be completely or partially
fluorinated. In one example, R,, 1s a bivalent ether moiety
represented by: —CH,—O—(CH,),— with the
—(CH,);— linked to a silicon on the backbone of the
trisiloxane. In another example, R,, 1s a alkylene oxide
moiety represented by: —CH,—O— with the oxygen
linked to a silicon on the backbone of the trisiloxane.
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Formula V-C:
R4

_RB_O_fCHz_CH_Oﬂq_RISZ

wherein R ; 1s nil or a spacer; R, , 1s hydrogen; alkyl or aryl;
R, < 1s alkyl or aryl; and q 1s 1 to 12. The spacer can be an
organic spacer and can include one or more —CH,—
groups. Other suitable spacers can include an alkylene,
alkylene oxide or a bivalent ether group. These spacers can
be substituted or unsubstituted. The above spacers can be
completely or partially halogenated. For instance, the above
spacers can be completely or partially fluorinated. In one
example, R, ; 1s represented by: —(CH,);—.

Formula V-D:

_Rlﬁ O

(CH)r—O

wherein R, 4 1s an organic spacer and p 1s 1 to 2. The spacer
can be an organic spacer and can include one or more
—CH,— groups. Other suitable spacers can include an
alkylene, alkylene oxide or a bivalent ether group. These
spacers can be substituted or unsubstituted. The above
spacers can be completely or partially halogenated. For
instance, the above spacers can be completely or partially
fluorinated. In one example, R, 1s a bivalent ether moiety
represented by: —CH,—O—(CH,),— with the
—(CH,),— linked to a silicon on the backbone of the
trisiloxane. In another example, R, 1s a alkylene oxide
moiety represented by: —CH,—O— with the oxygen
linked to a silicon on the backbone of the trisiloxane.

[0064] One or more of the alkyl and aryl groups specified
in Formula V through Formula V-D can be substituted,
unsubstituted, halogenated, and/or {fluorinated. In one
example of a trisiloxane according to Formula V, R, 1s
represented by Formula V-A with R, as an organic spacer
and R, 1s represented by Formula V-C with R, ; as an organic
spacer. In another example of a trisiloxane according to
Formula V, R, 1s represented by Formula V-A with R, as nil

Formula V-G:
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and R, 1s represented by Formula V-C with R, ; as nil. In
another example of a trisiloxane according to Formula V, R,
1s represented by Formula V-B and R, 1s represented by
Formula V-D. In another example of a trisiloxane according
to Formula V, R 1s represented by Formula V-A with R, as
an organic spacer and R, 1s represented by Formula V-D. In
another example of a trisiloxane according to Formula V, R,
1s represented by Formula V-A with Ry as an organic spacer
and R, 1s represented by Formula V-D. In some instances,
R,, R,, R;, R, R, and R, 1s each a methyl group.

[0065] Formula V-E through Formula V-H are examples of
trisiloxanes according to Formula V. Formula V-E and
Formula V-F each illustrate a trisiloxane where each of the
terminal silicons are linked to a side chain that includes a
poly(ethylene oxide) moiety. Formula V-E illustrates an
organic spacer positioned between each poly(ethylene
oxide) moiety and the terminal silicon. Formula V-F 1llus-
trates each of the terminal silicons linked directly to a
poly(ethylene oxide) moiety.

Formula V-E:

R
CHgO(CHz(?HZO)H(CHg)g—?i—O—?i—O—?i—(CHz)go(CHz(?HgO)mCHg:
CH; CH; CHs

whereinnis 1 to 12 and mis 1 to 12.

Formula V-F:
CH; CH; CH;

CH;(OCH,CH,),0 —Si— 0 —S8i — 0 —Si—0O(CH,CH,0),,CH;

CHa CHs; CHj,

whereinnis 1 to 12 and mis 1 to 12.

[0066] Formula V-G and Formula V-H each illustrate a
trisiloxane with a terminal silicon linked to aside chain that
includes a cyclic carbonate moiety. Formula V-G illustrates
one of the terminal silicon linked to a side chain that
includes a cyclic carbonate moiety and one of the terminal
s1licons linked to a side chain that includes a poly(ethylene
oxide) moiety. Formula V-H illustrates each of the terminal
s1licons linked to a side chain that includes a cyclic carbon-
ate moiety.

H,CO—FCH,—CH,

H;C CH; CH;
|
04— (CHy); Ti 0—Si—O0—Si—(CH,);0CH, 0O
H,C CH,; CH; >:O:
—0

wherein m1s 1 to 12.



US 2007/0065728 Al

Formula V-H:

CH; CH; CH;s

O S1I—O—81—0—S1 O
/_(\ NN | |
CH; CH; CH,

O

[0067] Another suitable trisiloxane includes a backbone
with a first terminal silicon, a central silicon and a second
terminal silicon. The central silicon 1s linked to a central
substituent. The central substituent can be a side chain that
includes a cyclic carbonate moiety, or that mncludes a poly-
(alkylene oxide) moiety linked directly to the central silicon.
Alternately, the central substituent can be a cross-link that
cross links the trisiloxane to a second siloxane and that
includes a poly(alkylene oxide) moiety.

[0068] In some instances, the trisiloxane includes not
more than two poly(alkylene oxide) moieties or not more
than one poly(alkylene oxide) moiety. Additionally or alter-
nately, the trisiloxane can include not more than two car-

bonate moieties or not more than one carbonate moiety. The
entities linked to the first terminal silicon and the entities
linked to the second terminal silicon can each exclude a
poly(alkylene oxide) moiety and/or each exclude a cyclic
carbonate moiety. Additionally or alternately, the entities
linked to the central silicon, other than the central substitu-
ent, can exclude a poly(alkylene oxide) moiety and/or
exclude a cyclic carbonate moiety. In one example, each of
the entities linked to the silicons in the backbone of the
tristloxane, other than the central substituent, exclude both a
poly(alkylene oxide) moiety and a cyclic carbonate moiety.
Examples of entities that may be linked to the silicons
include, but are not limited to, substituents such as side
chains, halogens and cross-links.

[0069] An example of the trisiloxane 1s represented by the
following Formula VI:

7:8i—0—Si—O0—SiZ5:

wherein R,; 1s an alkyl group or an aryl group; R,, 1s
represented by Formula VI-A, Formula VI-B or Formula
VI-C; and the Zs are each an alkyl or an aryl group and can
be the same or different.

Formula VI-A:

_R21 O

(CH)p—O

wherein R,, 1s an organic spacer and p 1s 1 to 2. Suitable
organic spacers can include one or more —CH,— groups.
Other suitable spacers can include an alkylene, alkylene
oxide or a bivalent ether group. These spacers can be
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substituted or unsubstituted. The above spacers can be
completely or partially halogenated. For instance, the above
spacers can be completely or partially fluorinated. In one
example, R,, 1s a bivalent ether moiety represented by:
—CH,—O—(CH,),— with the —(CH,),— linked to a

silicon on the backbone of the trisiloxane. In another
example, R,, 1s a alkylene oxide moiety represented by:
—CH,—0O— with the oxygen linked to a silicon on the

backbone of the trisiloxane.

Formula VI-B:
Ro3

—F0—CH,—CH+—0—Ruy:

wherein R, , 1s hydrogen; alkyl or aryl; R, 1s alkyl or aryl;
and r1s 1 to 12. The spacer can be an organic spacer and can
include one or more —CH.,— groups. Other suitable spacers
can 1nclude an alkylene, alkylene oxide or a bivalent ether
group. These spacers can be substituted or unsubstituted.
The above spacers can be completely or partially haloge-
nated. For instance, the above spacers can be completely or
partially fluorinated. In one example, R, 1s represented by:

—(CHy)s—.

Formula VI-C:

Ro7

|
O—F+CH,—CH—O ]H Rog-Second Siloxane:

—Ros

where R, 1s mil or a spacer; R, 1s nil or a spacer; R,- 1s
hydrogen, alkyl or aryl; second siloxane represents another
sitloxane and n 1s 1 to 12. When R, and/or R, 1s a spacer,
the spacer can be an organic spacer and can include one or
more —CH,— groups. Other suitable spacers can include
an alkylene, alkylene oxide or a bivalent ether group. These
spacers can be substituted or unsubstituted. The above
spacers can be completely or partially halogenated. For
instance, the above spacers can be completely or partially
fluorinated. When R, 1s a spacer, R, can be linked to a
s1licon in the backbone of the second siloxane. When R, 1s
nil, the poly(ethylene oxide) moiety can be linked to a
s1licon 1n the backbone of the second siloxane. The second
siloxane can represent another trisiloxane. When the second
siloxane 1s a trisiloxane, R, or the poly(ethylene oxide)
moiety can be linked to a central silicon 1n the backbone of
the second trisiloxane.

[0070] One or more of the alkyl and aryl groups specified
in Formula VI through Formula VI-C can be substituted,
unsubstituted, halogenated, and/or fluorinated. In one
example of a trisiloxane according to Formula V, R, 1s
represented by Formula VI-A. In another example of the
trisiloxane, R, 1s represented by Formula VI-B. In another
example, R, 1s represented by Formula VI-C, R, 1s nil, R,
1s nil and the poly(ethylene oxide) moiety 1s linked to a
silicon 1n the backbone of the second siloxane. In another
example, R,, 1s represented by Formula VI-C, R,: 1s a
spacer, R, 15 a spacer linked to a silicon 1n the backbone of
the second si1loxane. In another example, R, - 1s a spacer with
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the same structure as R, .. In another example of a trisilox-
ane according to Formula VI, R, and each of the Z represent
methyl groups.

[0071] Formula VI-D through Formula VI-F are examples

of trisiloxanes according to Formula VI. Formula VI-D
illustrates a trisiloxane where the central silicon 1s linked to
a side chain that includes a poly(ethylene oxide) moiety
linked directly to the central silicon.

Formula VI-D:

I
(CH;3)38i—0 Ti O—Si(CHy)s:
O(CH,CH,0),CH;

wherein n1s 1 to 12.

[0072] Formula VI-E and Formula VI-F illustrate trisilox-
anes having a central silicon linked to a cross link that
includes a poly(ethylene oxide) moiety and that cross-links
the trisiloxane to a second trisiloxane. Formula VI-E illus-
trates the cross link including a spacer positioned between
the poly(ethylene oxide) moiety and each of the trisiloxanes.
Formula VI-F illustrates a silicon 1n the backbone of each

trisiloxane linked directly to a poly(ethylene oxide) moiety.
Formula VI-E:

Formula VI-E:
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increase, the viscosity of an electrolyte can increase unde-
sirably and/or the 1onic conductivity of an electrolyte can
decrease undesirably. As a result, embodiments of the disi-
loxane 1include no more than one poly(alkylene oxide)
moiety and/or no more than one cyclic carbonate moiety. For
instance, the entities linked to the first silicon and the second
silicon, other than the first substituent, can each exclude a
poly(alkylene oxide) moiety and/or a cyclic carbonate moi-
cty. In some instances, the disiloxane excludes a poly(alky-
lene oxide) moieties or excludes cyclic carbonate moieties.

[0074] The second silicon can be linked to a second

substituent selected from a group consisting of a second
side-chain that includes a poly(alkylene oxide) moiety, a
second side-chain that includes a cyclic carbonate moiety, an
aryl group or an alkyl group. In some instances, the second
substituent 1s selected from a group consisting of a second

side-chain that includes a poly(alkylene oxide) moiety and a
second side-chain that includes a cyclic carbonate moiety.
As noted above, the viscosity of an electrolyte can increase
undesirably and/or the 1onic conductivity of an electrolyte
can decrease undesirably as the number of substituents that
include a poly(alkylene oxide) moiety and/or a cyclic car-
bonate moiety increases. As a result, the disiloxanes can
include no more than two poly(alkylene oxide) moiety
and/or no more than two cyclic carbonate moiety. For
instance, the entities linked to the first silicon and the second
silicon, 1n addition to the first substituent and the second

\lifo\‘/\/\ /e\/ 3\/\/81\ /Sl\ 'wherem n is 1 to 12.

L

Si
Formula VI-F:
N A
Sl wheremnis 1to12.
dh
/ ‘\ O\

/‘1\

[0073] The solvent can include or consist of one or more
disiloxanes. Disiloxanes can have a reduced viscosity rela-
tive to stmilarly structured, polysiloxanes, tetrasiloxanes and
trisiloxanes. An example of a suitable disiloxane includes a
backbone with a first silicon and a second silicon. The first
silicon 1s linked to one or more first substituents that each
include a poly(alkylene oxide) moiety or a cyclic carbonate
moiety. The first substituent can be selected from a group
consisting of a first side-chain that includes a poly(alkylene
oxide) moiety, a first side-chain that includes a cyclic
carbonate moiety or a cross link that includes a poly(alky-
lene oxide) moiety and that cross links the disiloxane to a
second siloxane wherein side chains are exclusive of cross

links. As the number of substituents that include a poly-
(alkylene oxide) moiety and/or a cyclic carbonate moiety

substituent, can each exclude a poly(alkylene oxide) moiety
and/or a cyclic carbonate moiety.

[0075] Examples of suitable disiloxanes are disclosed in
U.S. patent application Ser. No. 11/056,866, filed on Feb. 10,
2003, entitled “Electrochemical Device Having Electrolyte
Including Disiloxane,” and U.S. patent application Ser. No.
10/971,507, filed on Oct. 21, 2004, entitled “Flectrochemai-
cal Device Having Electrolyte Including Disiloxane,” and
U.S. Provisional Patent Application Ser. No. 60/543,951,
filed on Feb. 11, 2004, entitled “Siloxane,” and U.S. Provi-
sional Patent Application Ser. No. 60/542,017/, filed on Feb.
4, 2004, entitled “Nonaqueous Electrolyte Solvents for

Electrochemical Devices,” and U.S. Provisional Patent
Application Ser. No. 60/543,898, filed on Feb. 11, 2004,
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entitled “Siloxane Based FElectrolytes for Use i Electro-
chemical Devices;” each of which 1s incorporated herein 1n
its entirety.

[0076] Formula VII provides an example of a suitable
disiloxane. Formula VII:

Formula VII:

wherein R, 1s an alkyl group or an aryl group; R, 1s an alkyl
group or an aryl group; R, 1s an alkyl group or an aryl group;
R, 1s an alkyl group or an aryl group; R 1s represented by
Formula VII-A, Formula VII-B or Formula VII-C; R, 1s an
alkyl group, an aryl group, represented by Formula VII-D, or
represented by Formula VII-E.

Formula VII-A:

Rig

_Rg_O_PCHZ_CH_OﬂH_R“

wherein R, 1s nil or a spacer; R, 1s hydrogen; alkyl or aryl;
R, 1s alkyl or aryl; and n 1s 1 to 12. The spacer can be an
organic spacer and can include one or more —CH,—
groups. Other suitable spacers can include an alkylene,
alkylene oxide or a bivalent ether group. These spacers can
be substituted or unsubstituted. The above spacers can be
completely or partially halogenated. For instance, the above
spacers can be completely or partially fluorinated. In one
example, R, 1s represented by: —(CH,),—.

Formula VII-B:

_R12 QO

(CHz)p=—0

wherein R, 1s an organic spacer and p 1s 1 to 2. The spacer
can be an organic spacer and can include one or more
—CH,— groups. Other suitable spacers can include an
alkylene, alkylene oxide or a bivalent ether group. These
spacers can be substituted or unsubstituted. The above
spacers can be completely or partially halogenated. For
instance, the above spacers can be completely or partially
fluorinated. In one example, R, 1s a bivalent ether moiety
represented by: —CH,—O—(CH,),— with the

—(CH,);— linked to a silicon on the backbone of the
disiloxane. In another example, R,, 1s a alkylene oxide
moiety represented by: —CH,—O— with the oxygen
linked to a silicon on the backbone of the disiloxane.
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Formula VII-C:

Risg

— Ry = O—CH,—CH—07—R5—>econd Siloxane:

where R, 1s nil or a spacer; R, 1s nil or a spacer; R, 1s
hydrogen, alkyl or aryl; second siloxane represents another
siloxane and n 1s 1 to 12. The spacers can be organic spacers
and can include one or more —CH,— groups. Other suit-
able spacers can include an alkylene, alkylene oxide or a
bivalent ether group. These spacers can be the same or
different and can be substituted or unsubstituted. The above
spacers can be completely or partially halogenated. For
instance, the above spacers can be completely or partially
fluorinated. In one example, R,, and R, are each repre-

sented by: —(CH, ),—.

Formula VII-D:

Rig

_ler O [CHZ_CH O]q ng.l

wherein R 5 1s nil or a spacer; R, 4 1s hydrogen; alkyl or aryl;
R, 15 alkyl or aryl; and q 1s 1 to 12. The spacer can be an
organic spacer and can include one or more —CH,—
groups. Other suitable spacers can include an alkylene,
alkylene oxide or a bivalent ether group. These spacers can
be substituted or unsubstituted. The above spacers can be
completely or partially halogenated. For instance, the above
spacers can be completely or partially fluorinated. In one
example, R, , 1s represented by: —CH,—O—(CH,),— with
the —(CH,),— linked to a silicon on the backbone of the
disiloxane.

Formula VII-E:

- Rg[) O

(CH,)r—0O

wherein R, 1s an organic spacer and p 1s 1 to 2. The spacer
can be an organic spacer and can include one or more
—CH,— groups. Other suitable spacers can include an
alkylene, alkylene oxide or a bivalent ether group. These
spacers can be substituted or unsubstituted. The above
spacers can be completely or partially halogenated. For
instance, the above spacers can be completely or partially
fluorinated. In one example, R,, 1s a bivalent ether moiety
represented by: —CH,—O—(CH,),— with the
—(CH,),— linked to a silicon on the backbone of the
disiloxane. In another example, R,, 1s a alkylene oxide
moiety represented by: —CH,—O— with the oxygen
linked to a silicon on the backbone of the disiloxane.

[0077] In the disiloxanes illustrated in Formula VII: R.

can represent Formula VII-A or Formula VII-B; or R can
represent Formula VII-A or Formula VII-C; or R: can
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represent Formula VII-B or Formula VII-C. Additionally or
alternately: R, can represent an alkyl group or an aryl group
or Formula VII-D; R, can represent an alkyl group or an aryl
group or Formula VII-E. In some 1nstances, R, R,, R, and
R, are each an alkyl group. For instance, R, R,, R; and R,
can each be a methyl group.

[0078] In one example of the disiloxane, the first substitu-
ent 1s a side chain that includes a poly(alkylene oxide)
moiety. The poly(alkylene oxide) moiety can include an
oxygen linked directly to the first silicon. For instance, the
disiloxanes can be represented by Formula VII with R.
represented by Formula VII-A and R, as nil. Alternately, a
spacer can link the poly(alkylene oxide) moiety to the first
silicon. For instance, the disiloxanes can be represented by
Formula VII with R represented by Formula VII-A and R,
as a divalent organic moiety.
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CH; CH;

CH; SI— O— 51— O(CH,CH,0),CHs:

CH; CH;

wherein n 1s 1 to 12. A particularly preferred disiloxane 1s
represented by Formula VII-G with n=3.

[0080] When the first substituent is a side chain that
includes a poly(alkylene oxide) moiety, the second substitu-
ent can be a side chain that includes a poly(alkylene oxide)
moiety. For instance, the disiloxane can be represented by
Formula VII with R; represented by Formula VII-A and R
represented by Formula VII-D. An example of the disilox-
anes 1s provided in the following Formula

R3] Ry6

R35_EO_CH_CH2ﬂ?O_R33_Sl_O_SI_RZS_O_fCHz_CH_OﬂK_R3O

R34

[0079] When the first substituent is a side chain that
includes a poly(alkylene oxide) moiety, each of the entities
linked to the second silicon can be alkyl groups and/or aryl
groups. For 1nstance, the second substituent can be an alkyl
group or an aryl group. The disiloxanes can be represented
by Formula VII with R; represented by Formula VII-A and
R, as an alkyl group or an aryl group. Formula VII-F
provides an example of the disiloxane. Formula VII-F:

Formula VII-F:

I|{21

738i—0—S8i—Ry;—O—F CH,—CH—0+—Rys:

RZZ R24

where R, 1s an alkyl group or an aryl group; R, 1s an alkyl
group or an aryl group; R,; 1s nil or a spacer; R,, 1s a
hydrogen atom or an alkyl group; R, 1s an alkyl group; Z
1s an alkyl or an aryl group and the Zs can be the same or
different and x 1s from 1 to 30. The spacer can be an organic
spacer and can 1nclude one or more —CH,— groups. Other
suitable spacers can include an alkylene, alkylene oxide or
a bivalent ether group. These spacers can be substituted or
unsubstituted. The above spacers can be completely or
partially halogenated. For instance, the above spacers can be
completely or partially tluorinated. In one example, R, ; has
a structure according to: —(CH,);—. In another example,
the Zs, R,,, R,, and R,. are each a methyl group. In a
preterred example, the Zs, R,,, R,, and R,. are each a
methyl group, R, has a structure according to: —(CH, );—
and R, 1s a hydrogen. In a more preferred example, the Zs,
R, ., R,, and R, are each a methyl group, R, ; has a structure
according to: —(CH,);—; R, 1s a hydrogen; and x 1s 3. A
preferred example of the disiloxane 1s provided in the
following Formula VII-G:

R3; R;7 Rjg

wherein R, 1s an alkyl group or an aryl group; R,- 1s an
alkyl group or an aryl group; R, 1s nil or a spacer; R, 1s a
hydrogen atom or an alkyl group; R;, 1s an alkyl group; R;;
1s an alkyl group or an aryl group; R;, 1s an alkyl group or
an aryl group; R4, 1s nil or a spacer; R, , 1s a hydrogen atom
or an alkyl group; R, 1s an alkyl group; x 1s from 1 to 30
and y 1s from 1 to 30. R,; and R,; can be the same or
different. Each spacer can be an organic spacer and can
include one or more —CH,— groups. Other suitable spacers
can include an alkylene, alkylene oxide or bivalent ether.
These spacers can be substituted or unsubstituted. The above
spacers can be completely or partially halogenated. For
instance, the above spacers can be completely or partially
fluorinated. In one example, R, and R, each has a structure
according to: —(CH,);—. In another example, R,, R,-.
R;,, and R, are each an alkyl group. In another example,
R,., R5-, R55, R5y, R5,, and R, are each a methyl group. In
another example, R,, and R, have the same structure, R,
and R, have the same structure, R, and R, have the same
structure and R, ., R,-, R5,, and R;, have the same structure.
A preferred example of the disiloxane 1s presented 1n For-
mula

CH; CH;

CH;3(OCH>CH,),0— Si—0— Si— O(CH,CH,0),,CHs:

CHj, CH;

whereinnis 1 to 12 and m1s 1 to 12. A particularly pretferred
disiloxane 1s represented by Formula VII-J with n=3 and
m=3.

[0081] When the first substituent is a side chain that

includes a poly(alkylene oxide) moiety, the second substitu-
ent can be a side chain that includes a cyclic carbonate
moiety. For instance, the disiloxane can be represented by
Formula VII with R represented by Formula VII-A and R
represented by Formula VII-E.



US 2007/0065728 Al

[0082] In another example of the disiloxane, the first
substituent cross links the disiloxane to a second siloxane
and 1ncludes a poly(alkylene oxide) moiety. The poly(alky-
lene oxide) moiety can include an oxygen linked directly to
the first silicon. For instance, the disiloxane can be repre-
sented by Formula VII with R_ represented by Formula
VII-C and R, as nil. In some 1nstances, the poly(alkylene
oxide) moiety also includes a second oxygen liked directly
to the backbone of the second siloxane. For instance, the
disiloxane can be represented by Formula VII with R.
represented by Formula VII-C, R, as nil, and R, as nil.
Alternately, a spacer can link the poly(alkylene oxide)
moiety to the first silicon. For instance, the disiloxanes can
be represented by Formula VII with R. represented by
Formula VII-A and R, , as a divalent organic moiety. In some
instances, the poly(alkylene oxide) moiety also includes a
second spacer linking the poly(alkylene oxide) moiety to the
backbone of the second siloxane. For instance, the disilox-
ane can be represented by Formula VII with R represented
by Formula VII-C, R, , as a divalent organic moiety, and R, <
as a divalent organic moiety.

[0083] When the first substituent cross links the disiloxane
to a second siloxane and includes a poly(alkylene oxide)
moiety, each of the entities linked to the second silicon can
be an aryl group or an alkyl group. For instance, the second
substituent can be an alkyl group or an aryl group. The
disiloxanes can be represented by Formula VII with R.
represented by Formula VII-C and R, as an alkyl group or
an aryl group. Formula VII-K provides an example of the
disiloxane where the poly(alkylene oxide) moiety includes
an oxygen linked directly to the first silicon. Formula VII-K:

Formula VII-K:

\Sifo\li—o/((\/og\ ‘

‘ i Si\O/Si\

wherein n 1s 1 to 12. Formula VII-L provides an example of
the disiloxane where an organic spacer 1s positioned
between the poly(alkylene oxide) moiety and the first sili-
con. Formula VII-L:

Formula VII-1L.:

]
\%ifox%i/\/\o/('\/o)n\/\/ Ti.\o‘/ Ti\ |

: whereinni1s 1 to 12.

[0084] When the first substituent cross links the disiloxane
to a second siloxane and includes a poly(alkylene oxide)
moiety, the second substituent can be a side chain that
includes a poly(alkylene oxide) moiety. For instance, the
disiloxanes can be represented by Formula VII with R.
represented by Formula VII-C and R represented by For-

mula VII-D.

[0085] When the first substituent cross links the disiloxane
to a second siloxane and includes a poly(alkylene oxide)
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moiety, the second substituent can be a side chain that
includes a cyclic carbonate moiety. For instance, the disi-
loxanes can be represented by Formula VII with R repre-
sented by Formula VII-C and R, represented by Formula

VII-E.

[0086] In another example of the disiloxane, the first
substituent 1s a side chain that includes a cyclic carbonate
moiety. For instance, the disiloxane can be represented by
Formula VII with R; represented by Formula VII-B.

[0087] When the first substituent is a side chain that
includes a cyclic carbonate moiety, each of the entities
linked to the second silicon can be an aryl group or an alkyl
group. For instance, the second substituent can be an alkyl
group or an aryl group. The disiloxane can be represented by
Formula VII with R represented by Formula VII-B and with
R as an alkyl group or an aryl group. A preferred example

of the disiloxane 1s presented by the following Formula
VII-M:

Formula VII-M:

0
CH CH O)ko'
3 3
o~~~
HgC—Ti O Ti o\/
CH, CH;

[0088] When the first substituent is a side chain that
includes a cyclic carbonate moiety, the second substituent
can be a side chain that includes a cyclic carbonate moiety.
For instance, the disiloxane can be represented by Formula
VII with R; represented by Formula VII-B and R, repre-
sented by Formula VII-E. The structure of the first substitu-
ent can be the same as the structure of the second substituent
or can be different from the structure of the second substitu-
ent. A preferred example of the disiloxane is presented by
the following Formula VII-N:

Formula VII-N:

i
?H3 (leB o~ o
/_(\O\/\/ ?1—0—?1/\/\0\)_/
CH:  CH
O\’(O 3 3
O

[0089] The electrolyte can include a single disiloxane and
none or more other siloxanes. Alternately, the electrolyte can
include two or more disiloxanes and none or more other
siloxanes. Examples of other suitable siloxanes include, but
are not limited to, the trisiloxanes, tetrasiloxanes, pentasi-
loxanes, oligosiloxanes or polysiloxanes disclosed above. In
some 1nstances, at least one of the two or more disiloxanes
1s chosen from those represented by Formula VII through
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Formula VII-N. Alternately, each of the disiloxanes can be
chosen from those represented by Formula VII through

Formula VII-N.

[0090] The solvent can include or consist of one or more
silanes. An example of the silane includes a silicon linked to
one or more first substituents that each mclude a poly(alky-
lene oxide) moiety or a cyclic carbonate moiety. When a {irst
substituent includes a poly(alkylene oxide) moiety, the poly-
(alkylene oxide) moiety can include an oxygen linked
directly to the silicon. Alternately, the first substituent can
include a spacer positioned between the poly(alkylene
oxide) moiety and the silicon. Suitable spacers include, but
are not limited to, organic spacers. In some instances, the
poly(alkylene oxide) moiety 1s a poly(ethylene oxide) moi-
cty. In some 1nstances, the poly(alkylene oxide) moiety 1s an
oligo(alkylene oxide) moiety having from 1 to 15 alkylene
oxide units. Examples of suitable silanes are disclosed 1n
U.S. patent application Ser. No. 11/056,869, filed on Feb. 10,
2003, and entitled “Electrolyte Including Silane for Use 1n
Electrochemical Devices;” and U.S. patent application Ser.
No. 10/977,313, filed on Oct. 28, 2004, entitled “Electrolyte
Including Silane for Use in Electrochemical Devices;” and
in U.S. Provisional Patent Application Ser. No. 60/601,452,
filed on Aug. 13, 2004, entitled “Flectrolyte Including Silane
for Use in Electrochemical Devices” each of which 1is
incorporated herein 1n 1ts entirety.

[0091] The silane can include only one of the first sub-
stituents linked to a silicon or a plurality of the first sub-
stituents linked to the silicon. When the silane includes a
plurality of the first substituents, the silane can include two
of the first substituents, three of the first substituents or four
of the first substituents. When the silane includes fewer than
four first substituents, the additional substituent(s) linked to
the silicon are second substituents that each exclude a
poly(alkylene oxide) moiety and a cyclic carbonate moiety.
Suitable second substituents include, but are not limited to,
alkyl groups, aryl groups and halogens. When the silane
includes a plurality of first substituents, the first substituents
can ¢ach be the same or can be different. In one example, the
silane 1ncludes a plurality of the first substituents and each
of the first substituents 1s different. Alternately, the silane
includes a plurality of the first substituents and a portion of

the first substituents 1s diflerent from another portion of the
first substituents.

[0092] Examples of the first substituents include: a side-
chain that includes a poly(alkylene oxide) moiety; a side-
chain that includes a cyclic carbonate moiety; and a cross
link that includes a poly(alkylene oxide) moiety and that
cross-links the silane to a second silane where a cross link
1s exclusive of a side chain. Accordingly, the silane can
include one or more side-chains that each include a poly-
(alkylene oxide) moiety and/or one or more side-chains that
cach 1nclude a cyclic carbonate moiety and/or one or more
cross links that each include a poly(alkylene oxide) moiety
and that each cross-link the silane to a second silane.

[0093] In one example, the silane includes a silicon linked
to one or more side-chains that each include a poly(alkylene
oxide) moiety and linked to one or more second substituents.
In another example, the silane includes a silicon linked to
one or more side-chains that each include a cyclic carbonate
moiety and linked to one or more second substituents. In
another example, the silane 1includes a silicon linked to one
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or more cross links that each include a poly(alkylene oxide)
moiety and linked to one or more second substituents.

[0094] In an example, the silane includes a silicon linked
to one or more side-chains that each include a poly(alkylene
oxide) moiety; to one or more side-chains that each include
a cyclic carbonate moiety; and to one or more second
substituents. In another example, the silane includes a sili-
con linked to one or more side-chains that each include a
cyclic carbonate moiety; to one or more cross links that each
include a poly(alkylene oxide) moiety; and to one or more
second substituents. In another example, the silane includes
a silicon linked to one or more side-chains that each include
a poly(alkylene oxide) moiety; to one or more cross links
that each include a poly(alkylene oxide) moiety; and to one
or more second substituents.

[0095] In one example, the silane includes a silicon linked
to four side-chains that each include a poly(alkylene oxide)
moiety. Accordingly, the silane can exclude cyclic carbonate
moieties. In another example, the silane mncludes a silicon
linked to four side-chains that each include a cyclic carbon-
ate moiety. Accordingly, the silane can exclude poly(alky-
lene oxide) moieties. In another example, the silane includes
a silicon linked to four cross links that each include a
poly(alkylene oxide) moiety.

[0096] An example of the silane includes a silicon linked
to one or more first substituents that each include a poly-
(alkylene oxide) moiety or a cyclic carbonate moiety. When
a first substituent includes a poly(alkylene oxide) moiety, the
poly(alkylene oxide) moiety can include an oxygen linked
directly to the silicon. Alternately, the first substituent can
include a spacer positioned between the poly(alkylene
oxide) moiety and the silicon. Suitable spacers include, but
are not limited to, organic spacers. In some instances, the
poly(alkylene oxide) moiety 1s a poly(ethylene oxide) moi-
cty. In some instances, the poly(alkylene oxide) moiety 1s an
oligo(alkylene oxide) moiety having from 1 to 15 alkylene
oxide units.

[0097] The silane can include only one of the first sub-
stituents linked to a silicon or a plurality of the first sub-
stituents linked to the silicon. When the silane includes a
plurality of the first substituents, the silane can include two
of the first substituents, three of the first substituents or four
of the first substituents. When the silane includes fewer than
four first substituents, the additional substituent(s) linked to
the silicon are second substituents that each exclude a
poly(alkylene oxide) moiety and a cyclic carbonate moiety.
Suitable second substituents include, but are not limited to,
alkyl groups, aryl groups and halogens. When the silane
includes a plurality of first substituents, the first substituents
can each be the same or can be different. In one example, the
silane 1ncludes a plurality of the first substituents and each
of the first substituents 1s different. Alternately, the silane
includes a plurality of the first substituents and a portion of
the first substituents 1s different from another portion of the

first substituents.

[0098] Examples of the first substituents include: a side-
chain that includes a poly(alkylene oxide) moiety; a side-
chain that includes a cyclic carbonate moiety; and a cross
link that includes a poly(alkylene oxide) moiety and that
cross-links the silane to a second silane where a cross link
1s exclusive of a side chain. Accordingly, the silane can
include one or more side-chains that each include a poly-
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(alkylene oxide) moiety and/or one or more side-chains that
cach 1nclude a cyclic carbonate moiety and/or one or more
cross links that each include a poly(alkylene oxide) moiety
and that each cross-link the silane to a second silane.

[0099] In one example, the silane includes a silicon linked
to one or more side-chains that each include a poly(alkylene
oxide) moiety and linked to one or more second substituents.
In another example, the silane includes a silicon linked to
one or more side-chains that each include a cyclic carbonate
moiety and linked to one or more second substituents. In
another example, the silane 1includes a silicon linked to one
or more cross links that each include a poly(alkylene oxide)
moiety and linked to one or more second substituents.

[0100] In an example, the silane includes a silicon linked
to one or more side-chains that each include a poly(alkylene
oxide) moiety; to one or more side-chains that each include
a cyclic carbonate moiety; and to one or more second
substituents. In another example, the silane includes a sili-
con linked to one or more side-chains that each include a
cyclic carbonate moiety; to one or more cross links that each
include a poly(alkylene oxide) moiety; and to one or more
second substituents. In another example, the silane includes
a silicon linked to one or more side-chains that each include
a poly(alkylene oxide) moiety; to one or more cross links
that each include a poly(alkylene oxide) moiety; and to one
or more second substituents.

[0101] In one example, the silane includes a silicon linked
to four side-chains that each include a poly(alkylene oxide)
moiety. Accordingly, the silane can exclude cyclic carbonate
moieties. In another example, the silane includes a silicon
linked to four side-chains that each include a cyclic carbon-
ate moiety. Accordingly, the silane can exclude poly(alky-
lene oxide) moieties. In another example, the silane includes
a silicon linked to four cross links that each include a
poly(alkylene oxide) moiety.

10102] A suitable silane can be represented by the follow-
ing Formula VIII: S1R,_,_ R R" ; wherein R 1s a second
substituent and an alkyl group, an aryl group or a halogen,
R' 1s a first substituent that includes a poly(alkylene oxide)
moiety and can be represented by Formula VIII-A or For-
mula VIII-C, R", 1s a first substituent that includes a cyclic
carbonate moiety and can be represented by Formula VIII-B,
x 1ndicates the number of R' substituents included in the
silane and 1s O to 4, y indicates the number of R" substituents
included 1n the silane 1s 0 to 4, 4—x-y indicates the number

of R substituents, and x+y 1s at least 1.

Formula VIII-A:

Rjo

—Ry—O—+CH,—CH—O+—R:

wherein R, 1s nil or an organic spacer; R, 1s hydrogen; alkyl
or aryl; R, 1s alkyl or aryl; and n1s 1 to 15. The spacer can
be an organic spacer and can include one or more —CH,—
groups. Other suitable spacers can include an alkylene,
alkylene oxide or a bivalent ether group. These spacers can
be substituted or unsubstituted. In one example, Ry 1s rep-

resented by: —(CH, );—.
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Formula VIII-B:

_R12 O
‘ %O

(CHy)p—0

wherein R, 1s an organic spacer and p 1s 1 to 2. The spacer
can be an organic spacer and can include one or more
—CH,— groups. Other suitable spacers can include an
alkylene, alkylene oxide or a bivalent ether group. These
spacers can be substituted or unsubstituted. The above
spacers can be completely or partially halogenated. For
instance, the above spacers can be completely or partially
fluorinated. In one example, R,, 1s a bivalent ether moiety
represented by: —CH,—O—(CH,),— with the
—(CH,);— linked to a silicon on the backbone of the silane.
In another example, R, , 1s an alkylene oxide moiety repre-
sented by: —CH,—O— with the oxygen linked to a silicon
on the backbone of the silane.

Formula VIII-C:

Rig

—R4—O—+CH,—CH—O=+—Rs-Second Silane:

where R, 1s mil or a spacer; R, 1s nil or a spacer; R, 1s
hydrogen, alkyl or aryl; second silane represents another
silane and n 1s 1 to 15. The spacers can be organic spacers
and can include one or more —CH,— groups. Other suit-
able spacers can include an alkylene, alkylene oxide or a
bivalent ether group. These spacers can be the same or
different and can be substituted or unsubstituted. In one
example, R, , and R, . are each represented by: —(CH,),—.
The second silane can be represented by: —Si1R;_,_ R'R" .
wherein Rare each an alkyl group or an aryl group, R' 1s a
substituent that includes a poly(alkylene oxide) moiety and
can be represented by Formula VIII-A or Formula VIII-C,
R" 1s a substituent that includes a cyclic carbonate moiety
and can be represented by Formula VIII-B, p 1s the number
of R' substituents included on the second silane and 1s O to
3, q 1s the number of R" substituents included on the second
silane, 3—p—q 1s the number of R substituents, and 1s 0 to 3.
In one example, p 1s 0 and g 1s 0. In another example, p+q
1s greater than or equal to 1. In yet another example, p 1s
greater than or equal to 1. In still another example, q 1s
greater than or equal to 1. In another example, R' 1s repre-

sented by Formula VIII-A and R" 1s represented by Formula
VIII-B, p 1s O to 3 and q 1s 0 to 3.

[0103] One or more of the alkyl and aryl groups specified
in Formula VIII through Formula VIII-C can be substituted,
unsubstituted, halogenated, and/or fluormmated. When the
silane includes more than one substituent represented by
Formula VIII-A, the entities can be the same or different.
When the silane includes more than one substituent repre-
sented by Formula VIII-B, the entities can be the same or
different. When the silane includes more than one substitu-
ent represented by Formula VIII-C, the entities can be the
same or different.
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[0104] In one example of the silane according to Formula
VIII, x=0. In another example, x 1s 1 to 3. In another

example, y=0. In still another example, y 1s 1 to 3. In another
example, x+y=4 or x+y=2.

[0105] In some instances, R' is represented by Formula
VIII-A, x 1s greater than 0, and R, 1s nil. In other instances,
R' 1s represented by Formula VIII-A and R, 1s an organic
spacer. In an example, R" 1s represented by Formula VIII-B
and v 1s greater than 0. In another example, R' 1s represented
by Formula VIII-C, x 1s greater than 0, R, 1s nil and R, < 1s
nil. In still another example, R' 1s represented by Formula
VIII-C, x 1s greater than O, R, 1s an organic spacer and R 5
1S an organic spacer.

[0106] When the silane includes more than one substituent
represented by Formula VIII-A, the entities can be the same
or different. When the silane includes more than one sub-
stituent represented by Formula VIII-B, the entities can be
the same or different. When the silane includes more than
one substituent represented by formula VIII-C, the entities
can be the same or different.

[0107] A preferred silane includes a silicon linked to one
side chain that includes a poly(alkylene oxide) moiety and
linked to three second substituents. For instance, the silane
can be represented by Formula VIII with x=1, y=0 and the
R' represented by Formula VIII-A. Formula VIII-D presents
an example of the silane that includes a silicon linked to one
side chain that includes a poly(ethylene oxide) moiety, and
linked to three alkyl groups. The poly(ethylene oxide)
moiety of Formula VIII-D includes an oxygen liked directly
to the silicon. Formula VIII-D:

Formula VIII-D:
CH;

H3;C—Si—O—1tCH,—CH,0+—CHj;

CH;

wherein n 1s 1 to 15. In a preferred silane according to
Formula VIII-D, n=3. Formula VIII-E presents an example
ol the silane that includes a silicon linked to one side chain
that includes a poly(alkylene oxide) moiety, and linked to
three alkyl groups. The side chain of Formula VIII-E
includes an organic spacer positioned between the silicon

[ 1

and the poly(ethylene oxide) moiety. Formula VIII-E:

Formula VIII-E:

CH,;

H;C—Si

CH;

(CH,);— O—+ CH,—CH,0+—CHj;

wherein n 1s 1 to 15. In a preferred silane according to
Formula VIII-E, n=3. Formula VIII-F presents another
example of the silane that includes a silicon linked to one
side chain that includes a poly(alkylene oxide) moiety, and
linked to three alkyl groups. The side chain of Formula
VIII-F includes an organic spacer positioned between the
silicon and the poly(alkylene oxide) moiety.
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Formula VIII-F:

CH;

H3C—Si—CH,—O—1CH,—CH,O+—CHj, ;

CH;

wherein n 1s 1 to 15. In a preferred silane according to
Formula VIII-F, n=3.

[0108] A preferred silane includes a silicon linked to two
side chains that each include a poly(alkylene oxide) moiety
and linked to two second substitutents. For instance, the

silane can be represented by Formula VIII with x=2 and y=0.
One or both R' can be represented by Formula VIII-A. One
or both R' can be represented by Formula VIII-C. In some
instances, one R' 1s represented by Formula VIII-A and one
R' 1s represented by Formula VIII-C. Formula VIII-G 1s an
example of the silane that includes a silicon linked to two
side chains that each include a poly(ethylene oxide) moiety
and linked to two alkyl groups.

Formula VIII-G:

CHj,

H3C— O—CH, —CH, +—0—S8i—0—CH, —CH,0+—CH:

CH;

wheremnmis 1to 15, n1s 1 to 15 and m can be different from

n or the same as n. In a preferred silane according to Formula
VIII-G, m=3 and n=3. Formula VIII-H 1s an example of the

silane that includes a silicon linked to two side chains that
cach include a poly(ethylene oxide) moiety, and linked to an
alkyl group, and linked to an aryl group.

Formula VIII-H:

X

H3C —0—CH,—CH,+—0—S8i—0— CH,—CH,0+—CH:

CH;

S

wheremnmis 1to 15, n1s 1 to 15 and m can be different from
n or the same as n. In a preferred silane according to Formula

VIII-H, m=3 and n=3.

[0109] Another preferred silane includes a silicon linked

to one side chain that includes a cyclic carbonate moiety and
linked to three second substituents. For instance, the silane
can be represented by Formula VIII with x=0 and vy=1.
Formula VIII-J 1s a preferred example of the silane that
includes a silicon linked to a side chain that includes a cyclic
carbonate moiety and linked to three alkyl groups.
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Formula VIII-J:

O

e ).
S Y
,C—Si—O0—CH,— CH—O

CHa

[0110] Another preferred silane includes a silicon linked to
a cross link that includes a poly(alkylene oxide) moiety and
linked to three second substituents. For instance, the silane
can be represented by Formula VIII with x=1, y=0 and the
R' represented by Formula VIII-C. Formula VIII-K 1s a
preferred example of the silane that includes a silicon linked
to a cross link that includes a poly(alkylene oxide) moiety
and linked to three alkyl groups. The poly(alkylene oxide)
moiety of Formula VIII-K includes an oxygen liked directly
to the silicon of each silane.

Formula VIII-K:

CH; H,;C

H;C—Si

CH3 CHS

O—Ff CH, —CH,O+——Si—CH;:

wherein n 1s 1 to 15. In a preferred silane according to
Formula VIII-K, n=4.

[0111] The electrolyte can include a single silane. Alter-
nately, the electrolyte can include a plurality of silanes.
When the electrolyte includes a plurality of silanes, at least
one of the silanes can be chosen from those represented by
Formula VIII through Formula VIII-K. Alternately, each of
the silanes can be chosen from those represented by Formula
VIII through Formula VIII-K. In some instances, the elec-
trolyte includes a silane that excludes poly(alkylene oxide)
moieties and a silane that excludes cyclic carbonate moi-
cties. For instance, the electrolyte can include a silane that
includes one or more poly(alkylene oxide) moieties and a
silane that excludes poly(alkylene oxide) moieties moieties.
Alternately, the electrolyte can include a silane that includes
one or more cyclic carbonate moieties and a silane that
excludes cyclic carbonate moieties. In a preferred example,
the electrolyte includes a blend of a silane according to
Formula VIII-J and a silane according to Formula VIII-F. In
another preferred example, the electrolyte includes a blend
of a silane according to Formula VIII-J and a silane accord-
ing to Formula. VIII-D.

[0112] In some instances, the solvent includes more than
one of the siloxanes or more than one of the silanes. Further,
the solvent can include one or more siloxanes combined
with one or more silanes. The combination of a silane with
other silanes and/or with other siloxanes can reduce the
viscosity of the blended solvent. Additionally, the mnventors
believe that the silanes can improve the mobility of poly-
(alkylene oxide) 1n other siloxanes or silanes. Additionally,
the combination of a silane with other silanes and/or silox-
anes can increase the ability of the solvent to dissociate the
salts employed 1n electrolyte and can accordingly increase
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the concentration of free i1ons 1n the electrolyte. These
features can further enhance the 1onic conductivity of the
clectrolytes.

[0113] The above siloxanes and silanes can be generated
by employing nucleophilic substitutions, hydrosilylation
and/or dehydrogenation reactions. Methods for generating
the silanes and siloxanes can be found 1 U.S. patent
application Ser. No. 10/810,019, filed on Mar. 25, 2004,
entitled “Polysiloxane for Use in Electrochemical Cells;”
U.S. Provisional Patent Application Ser. No. 60/543,951,
filed on Feb. 11, 2004, entitled “Siloxane;” U.S. Provisional
Patent Application Ser. No. 60/542,017, filed on Feb. 4,
2004, entitled “Nonaqueous Electrolyte Solvents for Elec-
trochemical Devices,” and incorporated herein 1n 1its
entirety; and U.S. Provisional Patent Application Ser. No.
60/543,898, filed on Feb. 11, 2004, entitled “Siloxane Based
Electrolytes for Use 1n Electrochemical Devices,” and incor-
porated herein 1n 1ts enftirety; and U.S. Provisional Patent
Application Ser. No. 60/601,452, filed on Aug. 13, 2004,
entitled “Electrolyte Including Silane for Use in Electro-
chemical Devices,” and incorporated herein 1n 1ts entirety.

[0114] The solvent includes one or more organic solvents
in addition to the one or more of the silanes and/or in
addition to the one or more of the siloxanes. Examples of
suitable organic solvents include, but are not limited to,
cyclic carbonates such as propylene carbonate (PC), ethyl-
ene carbonate (EC), butylene carbonate (BC) and vinylene

carbonate (VC), linear carbonates such as dimethyl carbon-
ate (DMC), diethyl carbonate (DEC), ethylmethyl carbonate

(EMC) and dipropyl carbonate (DPC), dialkyl carbonates
such as diglyme, trigylme, tetragylme, 1,2-dimethoxyethane
(DME), methyl propyl carbonate, ethyl propyl carbonate,
aliphatic carboxylate esters such as methyl formate, methyl
acetate and ethyl propionate, gamma.-lactones such as
gamma.-butyrolactone, linear ethers such as 1,2-ethoxy-
cthane (DEE) and ethoxymethoxyethane (EM. J) cyclic
cthers such as tetrahydroﬁlran and 2-methyltetrahydrofuran,
and aprotic organic solvents such as dimethylsulfoxide,
1,3-dioxolane, formamide, acetoamide, dimethylforma-
mide, dioxolane, acetonitrile, propylnitrile, nitromethane,
cthylmonoglyme, triester phosphate, timethoxymethane,
dioxolane-derivatives, sulphorane, methylsulphorane, 1,3-
diemthyl-2-imidazoline, 3-methyl-2-oxazolidinone, propy-
lene carbonate-derivatives, tetrahydrofuran-derivatives, eth-
ylether, 1,3-propanesultone, amisole, N-methylpyrrolidone
and fluorinated carboxylate esters. In some instances, the

solvent includes a combination of two or more of the above
organic solvents.

[0115] The electrolyte can optionally include one or more
additives that form a passivation layer on the anode. It 1s
believed that, in some instances, the passivation layer
formed by these additives can further reduce dendrite for-
mation on anodes that contain lithium metal, lithium metal
alloys and/or lithtum metal intermetallic compounds. The
additives can be reduced and/or polymerize at the surface of
the anode to form the passivation layer. Vinyl ethylene
carbonate (VEC) and vinyl carbonate (VC) are examples of
additives that can form a passivation layer by being reduced
and polymerizing to form a passivation layer. When they see
an electron at the surface of a carbonaceous anode, they are
reduced to Li1,CO; and butadiene that polymerizes at the
surface of the anode. Ethylene sulfite (ES) and propylene
sulfite (PS) form passivation layers by mechanisms that are
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similar to VC and VEC. In some 1nstances, one or more of
the additives has a reduction potential that exceeds the
reduction potential of the components of the solvent. For
istance, VEC and VC have a reduction potential of about
2.3V vs. LiL1*. This arrangement of reduction potentials
can encourage the additive to form the passivation layer
before reduction of other electrolyte components and can
accordingly reduce consumption of other electrolyte com-
ponents.

[0116] Suitable additives include, but are not limited to,
carbonates having one or more unsaturated substituents. For
instance, suitable additives include unsaturated and unsub-
stituted cyclic carbonates such as vinyl carbonate (VC);
cyclic alkylene carbonates having one or more unsaturated
substituents such as vinyl ethylene carbonate (VEC), and
o-phenylene carbonate (CC, C,H,0,); cyclic alkylene car-
bonates having one or more halogenated alkyl substituents
such as ethylene carbonate substituted with a trifluormethyl
group (tritfluoropropylene carbonate, TFPC); linear carbon-
ates having one or more unsaturated substituents such as
cthyl 2-propenyl ethyl carbonate (C,H.CO,C H;); saturated
or unsaturated halogenated cyclic alkylene carbonates such
as fluoroethylene carbonate (FEC) and chloroethylene car-
bonate (CIEC). Other suitable additives include, acetates
having one or more unsaturated substituents such as vinyl
acetate (VA). Other suitable additives include cyclic alkyl
sulfites and linear sulfites. For mstance, suitable additives
include unsubstituted cyclic alkyl sulfites such as ethylene
sulfite (ES); substituted cyclic alkylene sulfites such as
cthylene sulfite substituted with an alkyl group such as a

methyl group (propylene sulfite, PS); linear sulfites having
one or more alkyl substituents and dialkyl sulfites such as
dimethyl sulfite (DMS) and diethyl sulfite (DES). Other
suitable additives include halogenated-gamma-butyrolac-
tones such as bromo-gamma-butyrolactone (BrGBL) and
fluoro-gamma-butyrolactone (FGBL).

[0117] The additives can include or consist of one or more
additives selected from the group consisting of: dimethyl
sulfite (DMS), diethyl sulfite (DES), bromo-gamma-butyro-
lactone (BrGBL), fluoro-gamma-butyrolactone (FGBL),
vinyl carbonate (VC), vinyl ethylene carbonate (VEC),
cthylene sulfite (ES), CC, trfluoropropylene carbonate
(TFPC), 2-propenyl ethyl carbonate, fluoroethylene carbon-
ate (FEC), chloroethylene carbonate (CIEC), vinyl acetate
(VA), propylene sulfite (PS), 1,3 dimethyl butadiene, styrene
carbonate, phenyl ethylene carbonate (PhEC), aromatic car-
bonates, vinyl pyrrole, vinyl piperazine, vinyl piperidine,
vinyl pyridine, and mixtures thereof. In another example, the
clectrolyte includes or consists of one or more additives
selected from the group consisting of vinyl carbonate (VC),
vinyl ethylene carbonate (VEC), ethylene sulfite (ES), pro-
pylene sulfite (PS), and phenyl ethylene carbonate (PhEC).
In a preferred example, the electrolyte includes or consists
of one or more additives selected from the group consisting
of vinyl carbonate (VC), vinyl ethylene carbonate (VEC),
cthylene sulfite (ES), and propylene sulfite (PS). In another
preferred example, the electrolyte includes vinyl carbonate
(VC) and/or vinyl ethylene carbonate (VEC).

[0118] As noted, certain organoborate salts such as LiD-
1OB, can form a passivation layer. As a result, the desirabil-
ity and/or concentration of additives may be reduced when
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organoborate are employed as salts. In some 1instances,
additives are employed when the solvent excludes orga-
noborate salts.

[0119] One example of the electrolyte includes a silane
and/or a siloxane; one or more organic solvents; one or more
salts selected from a group consisting of [1CIO,, LiBF,,
Li1AsF,, LiPF,, LiSbF,, LiCF;SO,;, LiC/F.SO;,
L1C(CF,S0.,),, LIN(SO,C,F.),, LiN(SO,CF,),, L1AICl,,
[L1GaCl,, LiSCN, Li0O,, L1O,SCF;, Li10,CCF,, LiSOF,
L1B(C:H:),, Li-methide, Li-imide and lithium alkyl fluoro-
phosphates, and at least one anode that includes one or more
components selected from a group consisting of lithium
metal, a lithium metal alloy or a lithium metal intermetallic
compound. In some instances, the example solvent excludes
an organoborate salt.

[0120] In some instances, the concentration of additives in
the electrolyte generally does not greatly exceed the con-
centration needed to form the passivation layer. As a result,
the additives are generally present in smaller concentrations
than salts. A suitable concentration for an additive in the
clectrolyte includes, but 1s not limited to, concentrations
greater than 0.1 wt %, greater than 0.5 wt % and/or less than
S wt %, less than 20 wt %, or less than 35 wt % where each
of the wt % refers to the percentage of the total weight of
solvent plus additive. In a preferred embodiment, the con-

centration of the additive 1s less than 3 wt % or less than 2
wt %.

[0121] The electrolyte can be a liquid. In some instances,
the electrolyte 1s a solid or a gel. For instance, the electrolyte
can mclude a network polymer that interacts with the solvent
to form an iterpenetrating network. The interpenetrating
network can serve as a mechanism for providing a solid
clectrolyte or gel electrolyte. Alternately, the electrolyte can
include one or more solid polymers that are each a solid at
room temperature when standing alone. The solid polymer
can be employed 1n conjunction with the solvent to generate
an electrolyte such as a plasticized electrolyte as a solid or
as a gel. Alternately, one or more silanes and/or one or more
siloxanes 1n the solvent can be cross linked to provide a solid
or gel electrolyte. A polysiloxane 1s an example of a cross-
linkable solvent. Suitable examples for method of forming a
cross linked polymer are disclosed 1n U.S. patent application
Ser. No. 10/810,019, filed on Mar. 25, 2004, entitled “Pol-
ysiloxane for Use in Electrochemical Cells” and incorpo-
rated herein 1n 1ts entirety.

[0122] The battery can be a primary battery or a secondary
battery. Further, the above cathode, anode and electrolyte
combinations can be employed i other electrochemical
devices such as capacitors and hybrid capacitors/batteries.

EXAMPLE 1

10123] A variety of 2032 type button cells were generated
having a structure according to FIG. 2. The button cells
include a separator 2 positioned between a cathode 1 and an
anode 3. The anode and cathode are positioned 1n a chamber
defined by a case 4, a gasket 5 and a cover 6. Three spacers
7 and a spring washer 8 are positioned between the anode 3
and the case 4. The spacer 7 and spring washer 8 were made
of stainless steel. An electrolyte positioned between the case
4 and the cover 6 activates the anode and the cathode.

|0124] First cathodes were generated by mixing
LiN1, Cog ;5Al; 050, (Toda Co.), a solution of PVDF 1n
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n-methylpyrolidone (NMP), and acetylene black 1n a mixer.
The mixture was coated on an aluminum substrate, dried,
and pressed. The resulting cathode medium was about 92 wt
% LiN1, .,Co, Al ,5O0,, 3 Wt % acetylene black, 5 wt %
PVDEF. Cathodes 15 mm 1n diameter were cut out of the
result.

[0125] First anodes included a 30 um thick lithium metal
sheet on a 10 um thick copper substrate (Honjo Co).

[0126] A first electrolyte was prepared by mixing a first
solution and a second solution at a volume ratio of 1:1. The
first solution was generated by dissolving LiBOB to 0.8 M
in a disiloxane according to formula VII with R,=—CH,,
R,=—CH,, R,=—CH,, R,=—CH,, R.=—CH,, and R =—
(CH,),O(CH,CH,0),;CH,. The second solution was gener-

ated by dissolving LiPF, to 1.2 M 1 a mixture of EC/DMC
having a volume ratio of 1:1.

[0127] A second electrolyte was prepared by mixing a first
solution and a second solution at a volume ratio of 1:4. The
first solution was generated by dissolving LiBOB to 0.8 M
in a disiloxane according to formula VII with R,=—CH,,
R,=—CH,, R;=—CH;, R,=CH;, R.=CH;, and R,=—
(CH,),O(CH,CH,0O),CH,. The second solution was gener-

ated by dissolving LiPF. to 1.2 M 1n a mixture of EC/DMC
having a volume ratio of 1:1.

[0128] A third electrolyte was prepared by mixing a first
solution and a second solution at a volume ratio of 1:1. The
first solution was generated by dissolving LiBOB to 0.8 M
in a disiloxane according to formula VII-J with m=n=3. The
second solution was generated by dissolving LiPF to 1.2 M
in a mixture of EC/DMC having a volume ratio of 1:1.

10129] A fourth electrolyte was prepared by mixing a first
solution and a second solution at a volume ratio of 1:1. The
first solution was generated by dissolving LiBOB to 0.8 M
in a silane according to formula VIII-D with n=3. The
second solution was generated by dissolving LiPF.to 1.2 M
in a mixture of EC/DMC having a volume ratio of 1:1.

[0130] A fifth electrolyte was prepared by mixing a first
solution and a second solution at a volume ratio of 1:1. The
first solution was generated by dissolving LiBOB to 0.8 M
in a silane according to formula VIII-E with n=3. The second
solution was generated by dissolving LiPF, to 1.2 M 1n a
mixture of EC/DMC having a volume ratio of 1:1.

[0131] A sixth electrolyte was prepared by mixing a first
solution and a second solution at a volume ratio of 1:1. The
first solution was generated by dissolving LiBOB to 0.8 M
in a polysiloxane according to formula II with R=R,=R,=—
CH;, R,=R.=R.=(CH,),(OCH,CH,),OCH; and n+m+k=
30. The second solution was generated by dissolving [L1PF,

to 1.2 M 1n a mixture of EC/DMC having a volume ratio of
1:1.

[0132] A seventh electrolyte was prepared by was gener-
ated by dissolving LiPF, to 1.2 M 1n a mixture of EC/DMC
having a volume ratio of 1:1.

[0133] First cells were generated according to FIG. 2 with
a first cathode, a first anode, and the seventh electrolyte.
Second cells were generated according to FIG. 2 with a first
cathode, a first anode, and the first electrolyte. Third cells
were generated according to FIG. 2 with a first cathode, a
first anode, and the second electrolyte.
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[0134] The cells were repeatedly charged and discharged
between 3.0 V and 4.0 V. During formation of a passivation
layer 1n the first cycle, the cells were charged using constant
current at a rate of C/20 followed by charging at constant
voltage until the current falls to C/100. During the same
cycle, the cells were discharged at C/20. During the subse-
quent cycles, the cells were charged using constant current
at a rate of C/5 followed by charging at constant voltage until
the current falls to C/20 and were discharged at C/5. The
tests were carried out at 23° C.

10135] FIG. 3 presents the cycling data for a first cell, a
second cell and a third cell as a plot of discharge capacity
retention versus cycle number. The electrolyte in the first
cell does not include an electrolyte with a mixture of
siloxane and organic solvent and shows a drop in discharge
capacity retention at low cycle numbers. In contrast, the
second cell and the third cell have electrolytes with a
combination of siloxane and organic solvent and show a
sustained discharge capacity retention.

[0136] Other embodiments, combinations and modifica-
tions of this invention will occur readily to those of ordinary
skill 1n the art 1n view of these teachings. Therefore, this
invention 1s to be limited only by the following claims,
which 1nclude all such embodiments and modifications
when viewed in conjunction with the above specification
and accompanying drawings.

We claim:
1. A battery, comprising:

an electrolyte activating one or more anodes and one or
more cathodes,

the electrolyte including one or more salts 1n a solvent
that includes one or more or more organic solvents
and one or more components selected from a group
consisting of siloxanes and silanes, and

at least of the anodes including one or more compo-
nents selected from a group consisting of lithium
metal, a lithium metal alloy or a lithium metal
intermetallic compound.
2. The battery of claim 1, wherein the solvent includes a
siloxane and a silane.

3. The battery of claim 1, wherein at least of the anodes
includes lithtum metal.

4. The battery of claim 1, wherein at least of the anodes
consists of lithium metal.

5. The battery of claim 1, wherein at least of the anodes
includes a lithium metal alloy.

6. The battery of claim 1, wherein at least of the anodes
includes a lithium metal intermetallic compound.

7. The battery of claim 1, wherein the electrolyte includes
a mixture of salts.

8. The battery of claim 7, wherein the electrolyte includes
an organoborate salt and a non-organoborate salt.

9. The battery of claim 1, wherein the one or more salts
include an organoborate salt.

10. The battery of claim 9, wherein the organoborate salt
includes a mono| bidentate |borate salt.

11. The battery of claim 9, wherein the organoborate salt
includes a dihalo mono| bidentate [borate.

12. The battery of claim 9, wherein the organoborate salt
includes a lithium dihalo mono|bidentate |borate.
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13. The battery of claim 9, wherein the organoborate salt
includes lithium difluoro oxalatoborate (L1D1OB).

14. The battery of claim 9, wherein the organoborate salt
1s represented by

O RH‘ ]
Y;,»/ >B< M
\O RH‘ -

wherein M™ 1s a metal 1on selected from the Group I or
Group II elements; Y, 1s selected from the group consisting
of —CX(CR,),CX—, —CZ7NCR,) CZZ-,
—CX(CR,), CZZ'-, —S0O,(CR,),SO,—, and
—CO(CR,),,SO,—; X 1s =0 or =NR/, Z 1s alkyl, haloge-
nated alkyl, —C=NR', CR'; or R"; Z' 1s alkyl, halogenated
alkyl, —C=NR', CR'; or R'; R" 1s a halogen; R' 1s halogen
or hydrogen; R 1s hydrogen, alkyl, halogenated alkyl, cyano,
or halogen; a1s 0 to 4 and b 1s 1 to 4.

15. The battery of claim 9, wherein the organoborate salt
includes a bis|bidentate Jborate.

16. The battery of claim 9, wherein the organoborate salt
includes a lithium bis| bidentate Jborate.

17. The battery of claim 9, wherein the organoborate salt
includes lithium bis-oxalato borate (LiBOB).

18. The battery of claim 9, wherein the organoborate salt
1s represented by

Y/O\B/O\Y
1 2
_ \ O/ AN O/ _

wherein M™ 1s a metal ion selected from the Group I or
Group II elements; Y, and Y, are each selected from the
group consisting of —CX(CR,) CX—,
—CZ27'(CR,) CLZ'-, —CX(CR,) CZZ!-,
—S0,(CR,),SO,—, and —CO(CR,),,SO,—; X 1s =0 or
—NR', 7 1s alkyl, halogenated alkyl, —C=NR', CR'; or R';
7' 1s alkyl, halogenated alkyl, —C=NR', CR'; or R'; R' 1s
halogen or hydrogen; R 1s hydrogen, alkyl, halogenated
alkyl, cyano, or halogen; a 1s 0 to 4 and b 1s 1 to 4.

19. The battery of claim 1, wherein the one or more salts
are selected from a group consisting of LiCl0,, LiBEF,,
[L1AsF,, LiPF., LiSbF,, LiCF,SO,, LiC/F.SO;,,
L1C(CF;50,);, LIN(SO,C,F;),, LIN(SO,CF;),, L1AICl,,
[1GaCl,, LiSCN, [.10O,, [10,SCF,, 110,CCF,, LiSO.F,
L1B(CH:).,, Li-methide, Li-imide and lithium alkyl fluoro-
phosphates.

20. The battery of claim 1, wherein the electrolyte
includes one or more silanes.

21. The battery of claim 20, wherein at least one silane
includes a silicon linked to one or more substituents that
cach include a poly(alkylene oxide) moiety or a cyclic
carbonate moiety.

22. The battery of claim 20, wherein at least one silane 1s
represented by SiR,_,_ R', R"_: wherein R 1s an alkyl group,
an aryl group or a halogen, R'_1s represented by Formula
VIII-A or Formula VIII-C, R", 1s represented by Formula
VIII-B, x 15 0 to 4, y 1s 0 to 4,4-x—v indicates the number
of R substituents, and x+y 1s at least 1;

Mar. 22, 2007

Formula VIII-A:
Rjo

|
_Rg_o_fCHg_CH_Oﬂﬂ_R“:

wherein R, 1s nil or an organic spacer; R, 1s hydrogen; alkyl
or aryl; R, 1s alkyl or aryl; and n 1s 1 to 15;

Formula VIII-B:

—Rj;

(CHy)p—0

wherein R, 1s an organic spacer and p 1s 1 to 2; and

Formula VIII-C:

Rig

— Ry~ O— CHy;—CH—07,—R;s5-Second Silane:

where R, 1s nil or a spacer; R, 1s nil or a spacer; R, 1s
hydrogen, alkyl or aryl; second silane represents another
silane and n 1s 1 to 13.

23. The battery of claim 1, wheremn the electrolyte
includes one or more disiloxanes.

24. The battery of claim 23, wherein at least one disilox-
ane includes a backbone with a silicon linked to one or more

substituents that each include a poly(alkylene oxide) moiety
or a cyclic carbonate moiety.

25. The battery of claim 23, wherein at least one disilox-
ane 1s represented by:

R R;

Rs——Si— O—Si—Rg:

|
Rj3 Ry

wherein R, 1s an alkyl group or an aryl group; R, 1s an alkyl
group or an aryl group; R, 1s an alkyl group or an aryl group;
R, 1s an alkyl group or an aryl group; R. 1s represented by
Formula VII-A, Formula VII-B or Formula VII-C; R, 1s an
alkyl group, an aryl group, represented by Formula VII-D, or
represented by Formula VII-E;

Formula VII-A:
Rig

_Rg_O_ECHZ_CH_OﬂH_R“

wherein R, 1s nil or a spacer; R, 1s hydrogen; alkyl or aryl;
R, 1s alkyl or aryl; and n 1s 1 to 12;
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Formula VII-B:

(CHy)p—0
wherein R, 1s an organic spacer and p 1s 1 to 2;

Formula VII-C:
Rie

— Ry =0 CH,—CH—07—R 5~ Second Siloxane:

wherein R, 1s nil or a spacer; R, 1s nil or a spacer; R, . 1s
hydrogen, alkyl or aryl; second siloxane represents another
siloxane and n1s 1 to 12;

Formula VII-D:

Ryg

—R”—O—RCHg—CH—Oﬂq—ng:
wherein R, 1s nil or a spacer; R, 1s hydrogen; alkyl or aryl;

R, 1s alkyl or aryl; and q 1s 1 to 12; and

Formula VII-E:
— Ryy——O

(CH,)r—0O

wherein R, 1s an organic spacer and p 1s 1 to 2.

26. The battery of claim 1, wherein the electrolyte
includes one or more trisiloxanes.

27. The battery of claim 26, wherein at least one trisilox-
ane 1ncludes a backbone with three silicons, one or more of
the silicons being linked to one or more substituents that
cach include a poly(alkylene oxide) moiety or a cyclic
carbonate moiety.

28. The battery of claim 26, wherein at least one trisilox-
ane 1s represented by:

Rs R, R;

| | |
Rg—Si—O0—Si—O0—Si—R>:

Re R; R4

wherein R, 1s an alkyl group; R, 1s an alkyl group; R, 1s an
alkyl group or an aryl group; R, 1s an alkyl group or an aryl
group; R. 1s an alkyl group or an aryl group; R, 1s an alkyl
group or an aryl group; R 1s represented by Formula V-A or

Formula V-B; R, 1s represented by Formula V-C or Formula
V-D;

Formula V-A:
Rjo

O—FCH,—CH—O4+—Ry;:

wherein R, 1s nil or a spacer; R, 1s hydrogen; alkyl or aryl;
R,, 1s alkyl or aryl; and n 1s 1 to 12;
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Formula V-B:

(CHy)p—0O
wherein R, 1s an organic spacer and p 1s 1 to 2;

Formula V-C:
R4

_ng_o_fCHz_CH_Oﬂq_ngl

wherein R 5 1s nil or a spacer; R, , 1s hydrogen; alkyl or aryl;
R, 1s alkyl or aryl; and g 1s 1 to 12; and

Formula V-D:

_Rlﬁ O‘

o

(CHy)r—O

wherein R, . 1s an organic spacer and p 1s 1 to 2.

29. The battery of claim 26, wherein at least one trisilox-
ane 1s represented by:

Rig

7:8i—0—8i—0—=SiZ;:

Rjg

wherein R,, 1s an alkyl group or an aryl group; R,, 1s
represented by Formula VI-A, Formula VI-B or Formula
VI-C;

Formula VI-A:

_R21 Q

(CH)p—0

wherein R, 1s an organic spacer and p 1s 1 to 2;

Formula VI-B:

O_R24:

T

wherein R, 1s hydrogen; alkyl or aryl; R, 1s alkyl or aryl;
and r1s 1 to 12; and

Formula VI-C:

Ryg-Second Siloxane:

_R25_O_'CH2_CH_O

1

where R,. 1s nil or a spacer; R, 1s nil or a spacer; R,- 1s
hydrogen, alkyl or aryl; second siloxane represents another
siloxane and n 1s 1 to 12.
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30. The battery of claim 1, wherein the electrolyte
includes one or more tetrasiloxanes.

31. The battery of claim 30, wherein at least one tetrasi-
loxane 1ncludes a backbone with four silicons, one or more
of the silicons being linked to one or more substituents that
cach include a poly(alkylene oxide) moiety or a cyclic
carbonate moiety.

32. The battery of claim 1, wherein the electrolyte
includes one or more polysiloxanes.

33. The battery of claim 32, wherein at least one polysi-
loxane 1ncludes a backbone with five or more silicons, one
or more ol the silicons being linked to one or more sub-
stituents that each include a poly(alkylene oxide) moiety or
a cyclic carbonate moiety.

34. The battery of claim 1, wherein the solvent includes
a silane and a siloxane.

35. The battery of claim 1, wherein at least one of the one
or more organic solvents 1s selected from a group consisting
of cyclic carbonates, linear carbonates, dialkyl carbonates,
aliphatic carboxylate esters, linear ethers, cyclic ethers, and
fluorinated carboxylate esters.

36. The battery of claim 1, wherein at least one of the one
or more organic solvents 1s selected from a group consisting
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of propylene carbonate (PC), ethylene carbonate (EC), buty-
lene carbonate (BC), vinylene carbonate (VC), dimethyl

carbonate (DMC), diethyl carbonate (DEC), ethylmethyl

carbonate (EMC) and dipropyl carbonate (DPC), diglyme,
trigylme, tetragylme, 1,2-dimethoxyethane (DME).

377. The battery of claim 1, wherein the total volume of the
one or more components selected from the group consisting

of siloxanes and silanes 1s less than 50% of the solvent
volume.

38. A method of forming a battery comprising:

generating an electrolyte having one or more salts 1 a
solvent that includes an organic solvent and a siloxane
and/or a silane, and

activating one or more anodes and one or more cathodes
with the electrolyte, at least of the anodes including one
or more components selected from a group consisting
of Iithium metal, a lithium metal alloy and a lithium
metal intermetallic compound.
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