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ABSTRACT

Functionalized disiloxane compounds were synthesized by attaching oligo(ethylene glycol) chains,
-(CH,CH,0)-y, n=2-7, via hydrosilation, dehydrocoupling, and nucleophilic substitution reactions and
were examined as non-aqueous electrolyte solvents in lithium-ion cells. The compounds were fully
characterized by 'H, 3C, and 2°Si nuclear magnetic resonance (NMR) spectroscopy. Upon doping with
lithium bis(oxalato)borate (LiBOB) or LiPFg, the disiloxane electrolytes showed conductivities up to
6.2 x 1074Scm~! at room temperature. The thermal behavior of the electrolytes was studied by differen-
tial scanning calorimetry, which revealed very low glass transition temperatures before and after LiBOB
doping and much higher thermal stability compared to organic carbonate electrolytes. Cyclic voltam-
metry measurements showed that disiloxane-based electrolytes with 0.8 M LiBOB salt concentration are
stable to 4.7 V. The LiBOB/disiloxane combinations were found to be good electrolytes for lithium-ion
cells; unlike LiPFg, LiBOB can provide a good passivation film on the graphite anode. The LiPFg/disiloxane
electrolyte was enabled in lithium-ion cells by adding 1 wt% vinyl ethylene carbonate (VEC). Full cell per-
formance tests with LiNipgoC0o.15Alp0502 as the cathode and mesocarbon microbead (MCMB) graphite
as the anode show stable cyclability. The results demonstrate that disiloxane-based electrolytes have

considerable potential as electrolytes for use in lithium-ion batteries.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Designing new ion-conducting polymer materials has been at
the heart of research in the field of lithium batteries over past years
[1-5].

Recently, our research has focused on the development of a
polysiloxane polymer electrolyte, including cyclic, linear, branched,
and cross-linked siloxanes [6-22]. Polysiloxanes have relatively
low glass transition temperatures due to the low bond rotation
energies associated with the Si-O-Si units. The concept of com-
bining stable, flexible siloxane chains with poly(ethylene oxide)
(PEO) has led to the development of a variety of polymeric struc-
tures with the expressed aim of increasing conductivity. Over the
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last few years, polysiloxanes with comb [5], double-comb [6-8],
cyclic [19], and cross-linked structures [11,13] have been synthe-
sized and investigated as possible candidates for both liquid and
solid polymer electrolytes. Recently, our investigations into liquid
polymer electrolytes have been influenced by the concept that con-
ductivity will generally increase as the glass transition temperature
and viscosity of the electrolyte decrease [23]. We have found that
when shorter ethylene glycol and shorter polysiloxane segments
are employed, the conductivity increases. In this paper, we sum-
marize the synthesis of a class of low viscosity compounds from
disiloxane starting materials, with each compound containing only
one or two oligo(ethylene glycol) chains. The conductivity, ther-
mal properties, and the performance of lithium cells using these
compounds as electrolyte solvents are presented.

2. Experimental
2.1. Materials

1,1,3,3-Tetramethyldisiloxane, 1,1,1,3,3-pentamethyldisil-
oxane, 1,1,1,3,3-pentamethylchlorodisiloxane, and 1,3-dichloro-
1,1,3,3-tetramethyldisiloxane were purchased from Gelest.
Tri(pentafluorophenyl)borane [B(CgF5)3], Karstedt's catalyst
solution [divinyltetramethyl-disiloxane Pt(0) complex, 3 wt% in
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xylene], allyl bromide, vinyl ethylene carbonate (VEC), di(ethylene
glycol) methyl ether, and tri(ethylene glycol) methyl ether were
purchased from Aldrich. NaH (60% dispersion in mineral oil)
was purchased from Acros Organics. Lithium bis(oxalato)borate
(LiBOB) was supplied by Chemetall and was purified by recrys-
tallization in dried, distilled acetonitrile (refluxed over CaH, for
24 h and distilled before use, Aldrich). Triethylamine and pyridine
were purchased from Aldrich and distilled over CaH; prior to use.
Toluene and tetrahydrofuran (THF) was dried over sodium and
benzophenone.

2.2. Apparatus

TH and '3C NMR analyses of the samples were carried out on
a Bruker AC300 spectrometer; 29Si NMR analysis was performed
on a Varian Unity 500 spectrometer using deuterated chloroform
(CDCl3, 99.8%, Aldrich) as the solvent. Viscosity measurements
were performed on a Brookfield LVDV-I+ viscometer.

Conductivity experiments were conducted by pouring a disilox-
ane electrolyte inside a Teflon O-ring sandwiched between two
stainless steel discs in a 2032 coin cell. lonic conductivity was
determined by the AC impedance method on a BAS-ZAHNER IM6
electrochemical analyzer (Gamry Instruments). Using a frequency
range from 0.01 Hz to 1 MHz, the impedance was recorded over a
temperature range from room temperature to 70°C.

Differential scanning calorimetry (DSC) was employed for ther-
mal data using a Perkin-Elmer Pyris Diamond instrument. The
instrument was calibrated with heptane, mercury, and poly-
(dimethylsiloxane). All samples were loaded under dry argon.
Because little difference was seen between samples that were
cooled quickly from room temperature and those cooled slowly,
undoped samples were simply cooled very quickly to —160°C and
heated from —160°C to 200°C at 10°Cmin~". In all samples there
were no transitions above 0°C, so doped samples were heated to
only 0°C, all using a rate of 10°Cmin~'. The Pyris DSC software
allowed mathematical computation of the onset of glass transition.
Each sample was duplicated at least once.

The charge-discharge cycling performance was tested on a
Maccor Electrochemical Analyzer using 2032 coin cells with
LiNiggpCog.15Alp 050, as the cathode, MCMB graphite as the
anode, and a Celgard trilayer (polypropylene/polyethylene/
polypropylene) separator soaked with disiloxane electrolytes. A
two-cycle formation step was applied prior to the cycling testing at
the C/5 rate. Performance data were acquired and analyzed by the
software associated with the instrument.

2.3. Synthesis

Synthesis of 1a(n =3): To aflame-dried, three-necked 50 mL flask
was added 1,1,1,2,2-pentamethyldisiloxane (10.00g, 0.067 mol)
and tri(ethylene glycol) allyl methyl ether (16.50g, 0.081 mol) by
a syringe under argon. 50 pL Karstedt’s catalyst solution was then
injected into the solution under vigorous stirring. The reaction solu-
tion was then heated to and kept at 75°C until no -Si-H peak
was observed at 4.6 ppm in the TH NMR spectrum. The excess of
tri(ethylene glycol) allyl methyl ether and its isomeric byprod-
ucts were removed by Kugelrohr distillation. The pure 1a (n=3)
compound was obtained by fractional distillation under a vac-
uum of 0.1torr with a yield of 92%. 'TH NMR (CDCl3), § (ppm)
3.45-3.63 (OCH;CH,0), 3.25-3.35 (OCH3, CCH,0), 1.53 (CCH,C),
0.46 (SiCH,C), —0.05 to 0.05 (SiCH3). 13C NMR (CDCl3), § (ppm)
73.9 (CCH,0), 69.7-71.8 (OCH,CH,0), 58.7 (OCH3), 23.0 (CCH,C),
13.9 (SiCH,), -0.5 to 1.0 (SiCH3). 29Si NMR (CDCl3), 8 (ppm) 6.1
(CH3)3Si0), 6.4 (CH3),CH,Si0)).

Synthesis of 2a (n=3): Similar reactions were carried out to
synthesize 2a (n=3) by employing 1,1,3,3-tetramethyldisiloxane

as starting material, and the stoichiometric ratio of disiloxane
to oligoether was 1:2.4. 'TH NMR (CDCl3), § (ppm) 3.45-3.63
(OCH,CH,0), 3.25-3.35 (OCH;, CCH,0), 1.53 (CCH,C), 0.46
(SiCH,C), —0.05 to 0.05 (SiCH3). 13C NMR (CDCl3), § (ppm) 73.9
(CCH,0), 69.7-71.8 (OCH;,CH,0), 58.7 (OCH3), 23.0 (CCH,C), 13.9
(SiCH,), —0.5 to 1.0 (SiCHs3). 2°Si NMR (CDCl3), § (ppm) 6.4
(O(CH3),SiCH;-)).

Synthesis of 2b (n=3): To a flame-dried 100 mL Schlenk flask
were added 1,1,3,3-tetramethyldisiloxane (10.00g, 0.074 mol),
tri(ethylene glycol) methyl ether (26.86g, 0.164 mol, vacuum
distilled prior to use), and 40 mL dry toluene. To this clear solu-
tion was then added 0.038g (0.05mol% of Si-H) B(CgFs)3. The
reaction mixture was heated to and vigorously stirred at 80°C,
whereupon bubbling was observed. Aliquots were taken peri-
odically for Fourier transform-infrared measurement until no
peak was detected at 2170cm~!. When the reaction was com-
plete, toluene and excess tri(ethylene glycol) methyl ether were
removed by rotovap and Kugelrohr distillation to yield a colorless
compound.

Synthesis of 1b (n=3): Similar reactions were carried out to syn-
thesize 1b (n=3) by employing 1,1,13,3-pentamethyldisiloxane as
starting material, and the stoichiometric ratio of disiloxane to oli-
goether was 1:1.1.

Synthesis of 2b-2 (n=3): Tri(ethylene glycol) methyl ether
(17.38 g, 0.106 mol), triethylamine (10.7 g, 0.106 mol), and anhy-
drous THF (40mL) were syringed into a 100mL flask placed
in an ice water bath. 1,3-Dichloro-1,1,3,3-tetramethyldisiloxane
(10.77 g, 0.053 mol, distilled prior to use) was then added drop-
wise to the solution while stirring. Upon complete addition, the
solution was stirred at room temperature for 2h, after which
the reaction mixture was heated to 50°C and kept at this tem-
perature for 5h. A white precipitate was filtered, and THF was
removed by rotary evaporation. The crude product was then dis-
solved in toluene, and the excess of tri(ethylene glycol) methyl
ether was extracted with small portions of water (five times)
until no -OH signal at 3400cm~! was present in the infrared
spectrum. Pure 2b-2 (n=3) was obtained by fractional dis-
tillation, and its structure was confirmed by !'H, 13C, and 2°
Si NMR.

Synthesis of 1b-2 (n=3): Similar reactions were carried
out to synthesize 1b-2 (n=3) by employing 1,1,1,3,3-
pentamethylchlorodisiloxane as starting material, and the
stoichiometric ratio of disiloxane to oligoether was 1:1.1.

2.4. Preparation of disiloxane/LiBOB complexes

A stoichiometric amount of disiloxane was added to a
LiBOB/THF solution in an argon-filled glove box. After mag-
netically stirring, the resulting solution was evacuated for 12h
and then further evacuated on a high-vacuum line (~10~7 torr)
for 24h to completely remove the THF. The complexes were
then loaded into a button cell for conductivity measure-
ment.

2.5. Conductivity measurements

Procedures involving the building of cells were carried out in an
argon-filled dry box. The disiloxane electrolytes were prepared by
doping the polymers with LiBOB in a THF solution under dry, inert
conditions. The solvent was removed under vacuum on a Schlenk
line once a homogeneous mixture was achieved. The sample was
then placed under high vacuum (<10~ torr) for 24 h. Doping levels
are reported as the ratio of ethyl oxide groups (EO) per lithium
cation (Li*). The oxygens associated with the disiloxane “backbone”
are not included in this ratio.
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Fig. 2. 29Si NMR of 2b (n=3) (a, top) and 2b-2 (b, bottom).

3. Results and discussion
3.1. Disiloxane synthesis and purification

The synthesis of a series of oligo(ethylene glycol) functionalized
disiloxanes is summarized in Scheme 1. These disiloxane com-
pounds contain the smallest Si-O-Si “backbone” for the purpose
of molecular flexibility. In compounds 1a and 2a, the disiloxanes
were bonded to oligoether chain(s) through a (-CH,CH;CH,-)
using a platinum-catalyzed hydrosilylation reaction. Similar to the
synthesis of their polymeric analogs, isomers (cis- and trans-) of
tri(ethylene glycol) allyl methyl ether generated as byproducts in
the catalytic cycle were detected by 'H NMR spectra, as shown
in Fig. 1. The formation of olefin isomers can be attributed to the
dissociation of the labile divinyltetramethyl-disiloxane ligand and
the subsequent generation of colloidal Pt species [24-26], lead-
ing to undesired side products and coloration of the product. It is
estimated that up to 20% isomers exist in the reaction mixture;
therefore, a 20% excess of tri(ethylene glycol) allyl methyl ether
was employed in the synthesis of 1a and 2a series to ensure the
complete conversion of Si-H.

For synthesis of products of disiloxanes directly bonded
to oligoether chain(s), two synthetic routes were employed.
In the first synthesis trial, a B(CgFs)3-catalyzed dehydrocou-
pling reaction was used to make 1b and 2b. However, it
was noted that side reactions occurred, as evidenced by the
29Si NMR spectrum. For example, in addition to the desired
peak at —30ppm for 2b, two extra peaks were detected at
—51ppm and —68 ppm (Fig. 2a), which are characteristic of the
M unit and T unit, respectively. To avoid the redistribution
of the disiloxane backbone, an alternative synthetic route was
employed in which 1-chloro-1,1,3,3,3,-pentamethyldisiloxane and
1,2-dichloro-1,1,3,3-tetramethyldisiloxane were used as the start-
ing disiloxane materials for synthesis of 1b-2 and 2b-2 (Scheme 1).
29Si NMR spectra of the disiloxanes 2b-2 prepared by the new
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Fig. 3. Nyquist plots of disiloxane 2a/LiBOB complexes with [Ethylene
oxide]/[Li*]=10, 15 and 20.

method (Fig. 2b) showed a single peak, indicating that Si-O-Si
rearrangement does not occur via this reaction pathway.

A high level of purity was achieved since these compounds
have relatively low boiling points. Under reduced pressure, dis-
iloxanes of 1a, 2a, 1b-2, and 2b-2 are distillable and, therefore,
can be efficiently separated from impurities (e.g., byproducts and
starting material as shown in Fig. 1). Distillation of the compounds
yielded clear, colorless liquids, which were analyzed by 'H, 13C,
and 29Si NMR. In the cases where the final product had a rela-
tively high boiling point and could not be distilled (such as the
di-substituted disiloxane compounds containing oligoether chains
with 5-7 repeat units), refluxing over activated charcoal was car-
ried out to decolorize the product 2a (n=5, 6, or 7) and remove the
remaining residual catalyst. Compounds 2b-2 (n=5, 6, or 7) were
also purified by removing unreacted starting material by solvent
extraction.

3.2. Disiloxane conductivity

The ionic conductivity of the synthesized disiloxanes was stud-
ied employing LiBOB as a lithium salt. LiBOB fulfills the complete set
of stringent requirements essential for lithium-ion cell applications
and is being widely investigated as a lithium salt and electrolyte
additive [27-29]. LiBOB is soluble in all synthesized disiloxanes,
and the resulting complexes are completely amorphous. The doped
samples became viscous but remain liquids due to the low molecu-
lar weight of the disiloxanes. The Nyquist plots, measured by AC
impedance method over the frequency range of 1Hz to 1 MHz,
were described in an equivalent circuit of a parallel capacitance
and resistance (see Fig. 3). lonic conductivities for disiloxane/LiBOB
complexes are summarized in Table 1.

Table 1
Conductivity (o), glass transition temperature (Tg), activation energy (E,), and viscosity (1) of disiloxane/LiBOB electrolytes.
Sample 2b-2 (n=3) 2b-2(n=3) 2a(n=3) 2a(n=3) la(n=3) 1b-2 (n=3)
EO/Li 10:1 20:1 10:1 10:1 10:1 10:1
o (Scm~1,25°C) 52x10°4 5.5x 104 2.5x 1074 3.4x104 4,67 x 1074 6.2x104
T, (°C) -93.0 —98.8 —74.7 —88.6 -82.7 —-103.0
To (°C) —-103 —-86.0 —60.6 —-96.2 -75.6 -90.2
E, (kJmol-1) 6.39 3.55 5.02 3.52 4.25 5.40
1 (cP, 25°C)? 4.10 = 6.00 = 3.80 1.20

2 Solvent only.
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Fig. 4. Conductivity vs temperature of 1a, 2a, 1b-2, and 2b-2 at LiBOB doping level
of [ethylene oxide]/[Li*]=10:1 and 15:1.

As predicted from its relatively low molecular weight, low glass
transition temperature, low viscosity, and lack of crystalline transi-
tions, the disiloxane compounds show much higher conductivities
than their polymeric analogs reported previously, although less
conductive than the oligoether-substituted silanes reported else-
where [30]. The most conductive disiloxane/LiBOB complex, and
also one of the least viscous, was 1b-2. It contains one tri(ethylene
glycol) chain directly coupled with a Si atom and has a conduc-
tivity of 6.2 x 10~4Scm~1 at room temperature. The relatively low
viscosity of this electrolyte could account for its high conductivity.
The disiloxane compounds with a (CH; )3 spacer mounted between
the oligoether chain and the siloxane exhibited lower conductiv-
ity at all measured temperatures, as illustrated in Fig. 4. Among all
the synthesized disiloxanes, 1a shows the highest conductivity for
a spacer-type disiloxane-based electrolyte: 4.67 x 10~4Scm! at
25°C and 6.45 x 10~4Scm~! at 37°C. Interestingly, disiloxane 2b
synthesized by the dehydrocoupling reaction exhibited a twofold
increase in conductivity compared with its pure version 2b-2. This
result agrees with the analysis of the 2°Si NMR spectrum showing
that fragmentation occurs during the synthesis of 2b forming the
monosilicon species (as evidenced by NMR data) as a side prod-
uct. The low viscosity (Table 1), caused by the presence of such a
compound, accounts for the increase of its conductivity.

Arrhenius plots of disiloxane/LiBOB complexes as shown in Fig. 4
are all curved, suggesting that oligomeric chains contribute to ion
transport as a polymer would, rather than as has been previously
shown for Li-ion conducting liquid electrolytes [23]. Note that the
optimal conductivity of disiloxanes varies with temperature and
doping level. As an example, compound 2b-2 has optimum con-
ductivity for 25 °C at the 20:1 doping level and for 37 °C at the 10:1
doping level (Table 1). The conductivities of 5.5 x 10~4Scm~! for
20:1at25°Cand 8.9 x 10~4Scm~! for 10:1 at 37 °C are the highest
reported for mono-comb polysiloxane electrolytes.

The Vogel-Tamman-Fulcher (VTF) equation:
0=AT-12exp(—BJ(T—Ty)) has been used to fit the behavior
of the temperature-dependant conductivities of these oligomeric
electrolytes. Table 1 lists the values of Eg, the apparent activation
energy, and Ty, the ideal glass transition temperature. The Ty values
are all closer to the experimental Tg than the typical 50K below Tg.
Unlike Hooper et al. [7,8], who found that conductivity increased
with higher activation energy, or Lyons et al. [18], who found that
conductivity decreased with higher activation energy, we saw no
apparent trend. The activation energy may be so small that bond
rotation at the investigated temperatures readily occurs; thus, this
parameter is no longer an obstacle to conductivity.

The trend that conductivity increased with decreasing glass
transition temperature was observed for disiloxane compounds,
as shown in Fig. 5. Di-substituted spacer type disiloxane 2a has the
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Fig. 5. Onset glass transition temperatures of disiloxanes at various doping levels.

highest T of —97.6°C, and 1b-2, with a T of —114.0°C, was our
most conductive disiloxane.

3.3. Disiloxane thermal stability

Fig. 6 compares DSC data of 0.8 M LiBOB in 1a, 2a, and 2b-2
electrolyte with data for a conventional 1.0M LiPFg in ethylene
carbonate (EC):dimethyl carbonate (DMC) (1:1 weight ratio) elec-
trolyte. While the conventional electrolyte shows decomposition
reactions that generate a significant amount of heat around 260 °C,
disiloxane/LiBOB electrolyte shows no decomposition or heat gen-
eration up to 350°C. This result clearly demonstrates that these
new disiloxane-based electrolytes have high thermal stability and
may provide better safety characteristics than conventional organic
carbonate-based electrolytes.

Flammability tests were also carried out on the disiloxane/LiBOB
electrolyte. In these tests, a glass wick was initially soaked with
disiloxane electrolyte; thereafter, one tip of the wick was ignited,
and the flame propagation rate along the wick was monitored. The
results indicated that the new electrolytes produced a flame prop-
agation rate of less than 35mmmin~! and had self-extinguishing
characteristics, whereas the conventional LiPFg/EC:DEC (1:1) elec-
trolyte produced a violent flame with a significantly higher
propagation rate (>1000 mm min~1).

3.4. Disiloxane electrochemical stability

Electrochemical cells were assembled with Pt/Li/Li electrodes
and the disiloxane/LiBOB electrolyte and were subjected to cyclic

6 1
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*1 | — 1an.emLisoB
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A e e e e e e S
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Fig. 6. Differential scanning calorimetry curves for electrolytes of 0.8M
LiBOB/disiloxanes and 1.0 M LiPFg/EC:DEC (1:1).
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Fig. 7. Cyclic voltammetry curves for disiloxane/LiBOB electrolytes: 0.8 M LiBOB-2b-2 (left) and 0.8 M LiBOB-2a (right).

voltammetry at 50 mV/s. The resultant voltammograms over four
cycles are shown in Fig. 7. The non-spacer disiloxane 2b-2 has a
high electrochemical window up to 4.7V, while the spacer-type
disiloxane 2a is slightly lower (4.5V). These results show that
disiloxane electrolytes exhibit good electrochemical stability, com-
parable to conventional electrolytes.

3.5. Disiloxane rate capability

The rate capabilities of disiloxane electrolytes were evaluated
by charging lithium-ion cells (3.0 mAh capacity) with a constant
current equivalent to C/20 rate to 4.0V, followed by a constant
voltage charge with a cutoff current equivalent to C/100. The cells
were then discharged to 2.7 V at constant currents of C/10, C/5, C/1,
1C, and 2C. As shown in Fig. 8, the disiloxane 1a/0.8 M LiBOB cells
demonstrated high capacity retention at the C/2,C/5,and C/10rates.
Although only 20% capacity was retained at the 2C rate, the cell still
retained greater than 50% capacity when discharged at 1C.

3.6. Disiloxane cycling performance

Fig. 9 shows the positive electrode specific charge/discharge
capacities vs cycle number for a lithium-ion cell with a 0.8 M
LiBOB/2b-2 electrolyte, a LiNiggCoq15Alp050, cathode, and a
MCMB graphite anode. The cell was charged and discharged at
the C/5 rate. When discharged over 3.0-4.0V and 3.2-3.9V, the
cell performed extremely well with 100% efficiency and showed
no capacity fade after 100 cycles. The capacity fading when cycled
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(the cell capacity is 2.2 mAh; charge the cells with a current of C/20 to 4.0V with
cutoff current of C/100, then discharge the cells with a current of C/10, C/5, C/2, 1C,
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and 3.2-3.9V.

over 3.0-4.1V is attributed to the growing SEI formed by the con-
tinuous decomposition of LiBOB on the surface of the graphite at
higher voltage.

We chose LiBOB as the lithium salt because it provides an effec-
tive passivation film on the carbon anode, as supported by the
data in Fig. 8. To explore the compatibility of disiloxanes with
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Fig. 10. Positive electrode specific charge/discharge capacities vs cycle
number for coin cells LiNipgoC0¢15Alp0502/0.8 M LiPFg-2b-2/MCMB and
LiNip.80C00.15Alp.0502/0.8 M LiPFg-2b-2+1wt% VEC/MCMB at different charging
voltage ranges.
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LiPFg, the conventional lithium salt, 0.8 M electrolyte was prepared
by dissolving LiPFg in disiloxane 2b-2 and was used as elec-
trolyte for lithium-ion cells with MCMB graphite as the anode and
LiNiggCoq.15Alg 050> as the cathode. As shown in Fig. 10, the specific
capacities surprisingly suffered from a dramatic fade from the very
first charge and discharge, indicating the lack of an integrated SEI
film on the anode surface. However, when 1 wt% VEC was added,
the 2b-2/0.8 M LiPFg electrolyte could be cycled without signifi-
cant capacity fade, even between 3.0V and 4.1 V. This improvement
occurred through the formation of a favorable SEI film on the
anode surface. Note that the cells with 0.8 M LiPFg-2b-2+1 wt%
VEC exhibited higher specific capacities than those with 0.8 M
LiBOB-2b-2 electrolyte cycled in the same voltage range. For exam-
ple, when cycled over 3.0-4.0V, the achieved specific capacity for
the 0.8 M LiPFg-2b-2 + 1 wt% VEC was 140 mAh/g, compared with
130 mAh for 0.8 M LiBOB-2b-2. This result indicates that the dis-
iloxane electrolytes, even when combined with a reactive, highly
oxidizing cathode, such as LiNig ggCog.15Alg.0502, can provide good
cycle and calendar life characteristics.

4. Conclusions

The oligo(ethylene glycol) functionalized disiloxanes 1a, 2a,
1b, 1b-2, 2b, and 2b-2 with various chain lengths were syn-
thesized, purified, and fully characterized by NMR spectroscopy
as non-aqueous electrolyte for lithium-ion batteries. The disilox-
ane electrolyte studied in this work affords high purity with very
low viscosity, less than 6 cP. The DSC results clearly indicate that
these new electrolytes are extremely stable. Their complexes with
LiBOB were investigated as the electrolyte for lithium-ion bat-
teries. A stable SEI layer was formed on the MCMB graphite
anode in the disiloxane/LiBOB electrolytes, but was not obtained in
disiloxane/LiPFg electrolyte. The cell performance was significant
improved by adding 1 wt% VEC to the disiloxane/LiPFg electrolyte.
Further testing demonstrated that these functionalized disiloxanes
can be used as thermally and electrochemically stable electrolyte
solvents for lithium-ion batteries. These electrolytes, which are not
as flammable as conventional organic carbonate-based solvents,
show outstanding charge/discharge cycling behavior in lithium-
ion cells with a MCMB graphite anode and a LiNig ggCog 15Alg.0502
cathode.
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