FLUORI NATED COMPOUNDS FOR USE | N LI THI UM BATTERY ELECTROLYTES Cross

Ref erence To Rel ated Application [1] This application clainms the benefit
of U. S. PRwvowoes/omeah Patent Application No. 60/871, 076, PCras2@memsmver 20,
2006, the disclosure of which is incorporated by reference herein inits
entirety. Technical Field [2] This disclosure relates to electrolyte
conpositions conprising at |least one partially-fluorinated conpound and at
| east oneFetUORINATYDECOMEOUNDSHITEUSEIRELI BHIUM IBA T BRY 81 E€TROSY TES! at es
to el ectrochem cal devices conprising the electrolyte conpositions and to
articles conprising the el ectrochem cal devices. Background [3] The rapid

devel opnent of el ectroni cCHRY RekSe (;pgﬁﬁafgﬂ%ﬁaﬁﬁﬁg denmand for

el ectrochem cal devices such as Tuel CelTs an attery systens. In response
to the ddffhd fofhisappkeayiosgkimstheibengfarafiledl Rroyisipnalckadted|Appliegivaryeabl e
l'ithium batd-eri-es been hyel .esearched, . Li.thi um i batteries are
par 11 cul ST (S R A GV e NS O nicli Pt Tor R R

bat t er i esheediPi0is &itgkthy chemically reactive conponents to provide

el ectrical current. These systens are typically based on the use of |ithium

metal, lithiated carbon, or a lithiumalloy as the negative el ectrode
(anode) and el ectroactive transitikechnienbFiebki des as the positive el ectrode

(cat hode) [4] Lithi.umion tteries are constructed fromgne, or nore

o oct rocalal IhUUEHRTERES f HepTp Blecaf RSB bt i 03 fle Mave
consi st echagtal §-Mtimatdeotpolid MduNléaSomeailebuolytagale! 8GR hyetsc@posi t i on

i nterposed between el ectrically-separated and spatially-separated, positive
and negatdisosaredsq hées to Tlastraghestiead dgyiscceompBsing tb%eliegtrqu% cegIppyitians i qui d
sol ution i thi Ll n ous:..aprotic organic solvent. A

m xture é@ﬁ{@gﬁ%&gﬁgﬂ%ﬁ%bgg%?%éggﬁ@%ﬂ#gxgﬁyg% is used. [5] The selection
of electrolyte solvents for rechargeable lithiumbatteries is inportant for
optimum battery performance and safmickepsithd nvol ves a variety of different
factors. However, long-termchenical stability in the presence of the

char ged g893k i ve Thaerpikdeyclopacat elqlewinaic davisss bacippwatsdimgrket degwpddgr  and

wetting c b Lyt i I f I i une
cormer o 4 CLost kB0 Ry (P SR R BB o B sy y B Ak T
chemi cal fst bdicky typtansguipaarutdngira@itake kebhrgodhit dttdah bentridddaiaibeannsi cal |y
stabl e over, the batfery's .range of operating tenperatures and yvoltages and
al so t hatacrlvelbée%ﬁrffﬁf- i WRCR DETSHICh Ao S el el Gon B TFtabKat 1t

contri bute@ecfnfanﬁf(feﬁfcfeg.l\L%dhyurﬁ.QéﬂrBa&ri@s &ﬁg@kwﬂw%ﬁkmye_ QivgBhpbRMHtSto

conductivity on the electrodes. lonic ductivity requires an electrolyte
sol vent trhratidetlcetcicilhvingntdiThswml systsmb iatchiypicnléy bastd oh yhceuss aff tihiamadnetal,
facilitates. [ithiumion.mobility. Fromthe vi ewoi nt of fety, .the

char act oGRS i VBRER 1w bF BV arrER e E0o0e) i BRS¢y,

| ow 1 eactjankitivn heudlodidel as 8RPosHies bLIceEles (cfis&)vat i ng characteristics, and
low toxicity are all highly desirable. it is also desirable that the

batt ery' d0e4lect r btbwmaivg batipragsaaro eorstruefad Eemyonsrar mate clegybehenveal celds by t he
el ectrol yte sol vent as .to faciljtate rapid,battery manuf.acturing and
opt m se PR AR BLARRELe SREcele RhE SR PR BRI AT ave
been t he Jrasict@grasabltdisathbRitRatinelposed satveantisctfiodllyl dchhiatbddaat t eri es.

O ten, conmpounds such as carbonic acid esters (carbonates) have been used,
as t hese spatidboisaaratodppesaivoand agdivierpdecedes aicelqstopde eqraRosEoN| igy

reacti vity. .w . biL I S i . . baut 4.4V
var Lt 1 olpPbly iR RaRkbA ¥Ps bk ey AR B P L MR s

t her nody maixxeabf ywd avieo@drgarsoboladntosfténnt @saict i on with lithium salts, which
results in the electrolyte c osition having a high.ioni¢c conductivity.
[8] The ity cpn#gﬁﬁ%}e‘iﬁé&?fﬁ%gg?liyﬁe Bl er B eaeriNs FORE FUERES Y or use i n
Ui um BabREES: SARhHABARAS bbGofARRORA @ﬁ\e@%ﬁ& iASNEL ALARS SatReaat e and
propyl ene carbonate, cyclic esters of carboxylic acids such”as

y- but yr ol fagvondlowdvas denge@ribchatesl salchtyas thhi preschyd oftthe omarged pabitetchapd

carbonate and ethyl .nmethyl carbonate,.cycljc ethers ch )

ot hyl TS OT R P RS T o siPEand Vo RRFAmPALY &rge e igportant

1, 2- di metdapiiei fieies indibideslumandmeath§igipiRsatios M xed sol vent is of ten
preferred in order to balance, or tailor, the desired properties of the

el ectrol yte conposition such as high daelectric constant and | ow viscosity.



[9] Drawbacks to the use of conventional lithiumbattery electrolyte
solvents are generally related to their properties such as | ow boiling

poi nts armsiohloggn7dd7armmabi ity or conbustibility. Some solP¢Enisso7esmind as

et hyl ene carbonate and propyl ene carbonate, have boiling points above 200C.
However, many el ectrol yte sol vents have boiling points that are

substantl ally lower and have flash points |ess than 30.2C (100F). Such

vol ati | e [88¢Nent sovgtermgihicmicad stabibgy @Qﬂlé%itth@iﬁﬁleéecffalWW@V bairftrjnsigﬂlkyr

partially,gh ha ?:m

di schar geSt ég&tgegqé tttteg)' yra&lg%f?&aﬁd%qg&g%g o5 voI ng‘( ehgg 5\8/1(51?1 it s present
di ffi cul tdithsr unredchiee mﬁmﬂ?&’o&bd@ma&mﬂls&ﬁO]lieﬁgtfboﬁfrl‘tﬁﬂt@mtdfﬁbty‘te&y éonmpgsa ti ons as
well as in the additi on of the el Sctrol yte conposition to the battery

during t HEsHuHpEAEmuYith gogst igriscondygtivyy opdhs cledndsht logiragongugtivalyy
el ectrol %iulﬁeglaﬁ%rgc&o eesoﬁ&&l@%ﬁavgfféc@i #gﬁss%%ﬁ gesh Bl eﬁmg%&gu@an@' evat ed

t enper at ur whi ch result 1n r unaway un e conditions.
In fact, faehmms lmhwen 1Depm’ou15yn6rcenl tltehatwpmetrdfe;afeitmgheacviraraemmtlsmfribwneous
conbust i on teries have e to uct
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i thium lﬁa@s&ﬁintg%a@&eﬁml aldhawqo@citywevamsfﬁgﬁytd}ésﬁasbleal1lt Q,valg‘onesmtg@ ion
nmobi ity during high rates of chargi ng and di schargi The present

i nvent or §h¢téh®@¢tteme8tel¢atr0ddﬁ@né SeranmPINEe Guididednd thpr@lgbgmw@teylt@ thol vents with
one or nore o{ varlogs a h.as reduc d vo

dya ,
£ 1 ammabi 155 4R T Bl BN T%%}H?’e‘itea s iy &PP%% baj‘é?%nt s,

that arc Ijeef@ﬁna@actl ve with the charged positive eI ect rode and the charged
negative el ect rode, and that effectivel d| ssol ve and dissociate salts to
form st adP&7lel ecAPBItE EuEhPRSARIE CPBRSUIdS ARV Bred A BIOYt GREtMEY Eélﬁerdochem' cal

devi ce copen gﬂé §ol@%}1 S folf"’l’lrtl%lﬁfﬁmaﬁbrﬁ)rsgggrge {:&nf)cﬂﬂl'dg s&c%rhg#%}bgl clde esge}ﬂ@: ha

range of operating tenperatures various e men
pr esent |(namamat@4) hbeyviecca usamas thakd mmpn‘untim;@ﬁcaayl wlaart a@eksnﬁﬂ@pro@aﬂmm ment s

of the p ent i nvent i, all of these adv 12 iefly,
in one asPeey reasHyyY wi ﬂilf‘sp%l%va%trpdm&m&%%%@e V%zﬁﬂﬁm va 100
1. whergpp r@e?c%%??mﬁﬂﬁhﬂhp&ﬁﬁalﬂﬂ ’neggn]v% e@é&@oﬁ%‘s anPa {H%ﬁﬁ&%ﬁlqﬁﬁk@ah? hydr ogen
or C, 1-12".1, x is an integer %11to 4, I's a single coval enf bond or

the gr oupfavcﬁzul¢4012/aii® mteeamlhno‘fltlﬂithmnaMSHWECh$eﬂuhdevbndbmtrd>lyt%1 hydrogen or
carbon atons. Also in this fornmula, Rf is

an al kyl grou
-CFR/ICHI'—C% Elt é fq% Igfé”ioglclfon ¥UHE2n 1, and n is an integer from1l to
8, Rf2 i9063] a l TAE RlosOdonkthan§ SCH HRERParkaniWBRERS RtdkolvendTof iNcaa BEhifhom 1

to 4, or batteries include cyclic carbonates such as ethylene carbonate and propylene carbonate,
cyclic esters of carboxylic acids such as y-butyrolactone, linear carbonates such as
dimethyl caronate, diethyl carbonate and ethyl methyl carbonate, cyclic ethers such as
2-methyltetrahydrofuran and 1,3-dioxolane, linear ethers such as 1,2-dimethoxyethane,
amides, and sulfoxides. A mixed solvent is often preferred in order to balance, or tailor,
the desired properties of the electrolyte composition such as high dielectric constant and
low viscosity.
[009] Drawbacks to the use of conventional lithium battery electrolyte solvents are
generally related to their properties such as low boiling points and high flammability or
combustibility. Some solvents, such as ethylene carbonate and propylene carbonate, have
boiling points above 200°C. However, many electrolyte solvents have boiling points that

are substantially lower and have flash points less than 30.2°C (100°F). Such volatile
solvents can ignite during catastrophic failure of a fully or partially charged battery that

.



Rf 30(Rf40),"- , wherein mis O or 1, and R, is C'F2,1, and n is an integer
fromlto 8 and Rf4 is C'F2,1, wherein g is an integer from1l to 4,

provi ded wbaboswiesToRf 1 is F and Rf2 is F, then at | east pomaSedo7®8i4 Rh2
and R113 is C, 1-12,+1, and wherein A is a single coval ent bond or CH20.
[13] Briefly, in another aspect, provided is a solvent conposition
according to the formula RO C(-0)-0-ft', wherein at |east one of R and R
is -C( Rh%aé RAGY ERRAGE Zempple crapit dischares diero mesiort sirguit. dditionallygyolatile

R430( R/ 4 i I - 1, 7 gr oups
naving 1 Pneas el AR il SyphePlioh Yo s BV BT VY
ring, prowélbadnitiwiddidi@nofithé sledtrdiptelrompbsiciontdRhé battey duting tiee. [ 14] It has
been di scovered that at |east sone of the gbove-describegfnovel partially
f 1 uor i nat B HERRTECESNPE NI Y Bt Patfary rlrciolyis SBBicPISHEF 158Pthts and

| ow VOl atibl b €RarBBlelblifics LIORASS Bhpodlifed Gk JATERRIiE tRfmbERfaway
conbusti bl e than conventi onal eIectroPyte sol vents. Yet sol vent

conposi t iumdsr abus¢ catidntgpnshén Gohpoentswraypatswteglihteoeflicatng vel gvedi ssol ve

el ectrolyte salts to, provide el ectrolyte.co itions th adequately wet
ol ect r ocrenr AR Ry oD STy LIS 67EBA% bRy Gl That exni bi
adequate ionic conductivities for use in electrochem cal devices over a
range of operating tenperatures (forgenaaRl e, from about -20C to about 80C
or even hi gher, dependi ng upon the pUmETﬂﬁ%quirenents for a particular
appl i cati[6h)]. Théhsptesentinvcotmposottd trasn¢ranghceledtetallyte sokionpo®r tithoms

i ncl udi ng the, sol ven onposi ti.ons) al can. present  f r . diffjculties in
St or age. JAbCRIRER S04 R R etk el BR aRHaS Bobuty Sltiehih Bke. or
nor e rel ajficUgrepdvaata@asoiisch as lower volatility, lower flammability,
and/or |ower combustibility of the inventive partially fluorinated

car bonat d0¢bimpountie pesaent gt vsotorpiogegnizoipobeiciromeins aneg] foaclecwalyte sone of
the partially fl.yorinated carponate c ounds _ar rticylarnly well-suited
for tee PR eligutrBIngRTe B AR RS RER oLl B R ¥ o per a o
essent i alflamrashialatnCldk gonsiidtibitia, fcheik e tosavetiaial ercantd)itigh atecoger at ur es,
for exanple, tenperatures above 60C). In such batteries, electrolyte

conposi t i'6#s1ve Srirthe Fhrgeedrositbivsiastiade ad thashargednegagne elgpiredenil fahidequat e
conduct i Vigt.i i i I i t ] . ectrodes or
oni e adterg auf B e B E%ssFREM M i B Rk YRR

el ect r ol yddequusipest ticanschemfchbilevittusmmnehte asd thaoashilsiohdegnate da@tiposi ti ons

including the partially fluoginated carbonate co nds .nmeet .a need for

el ect r ol yPBILSHWR YR @P%aﬁgperaém&é@apﬁ?%%% \ﬂr?fg@%ﬂm%qqsm'whmems of’
flammabi 1th¢ Yres @i theRINBEVCR dontdindiofl A€ adRAnERBY SSUhOBRbo ARLNRRE M Vel
effectively dissolve electrolyte salts to formstable electrolyte

conposi t ipgesnt naentadeyuehaylwéthest edtangheni cal devi ce conponents and t hat

exhi bi t uat e_i.0pi ¢_conductjvities .over, a range .of operating

Conper at dPba - [ BAyin GRREbess Bl R it a P RRERon LG Bhe b des

el ect rocheymnghl1: devi ces (preferably, batteries) including the electrolyte
conpositions; and articles including the el ectrochem cal devices. [18] In
one enbodi nent, fluorine substittded 1, 3-di oxol ane-2-one conpounds are
provi ded as el ectrolyte solventsJfor lithiumion batteries. In another
enbodi nent, fluorine substitut | ~@3- di oxane- 2- one conpounds are provi ded
as electrolyte solvents foR1itthiumion lpatteries. In another enmbodi nent,
fluorine substituted acyclic c es are provided as electrolyte
solvents for lithiumion baReries. Rid] In anot hej enbodi nent, m xtures
of one or nore fluorinated conpounds of the invention together with

non- f | uorwinatie@dacyef the gmapbBpaRgsanday o indepeaddaniydtydsogenor €, dgny &g arona

sol vents,, or conbinations thereof, arc provided as elecirolytes for |ithium
i on bat t dPicge from 1y ¥ripe ﬁl@g{eéa%@apmw,orfh?egrpméﬁh&—p? iod&s 814 i ¢ hi um

ion batteagy i hitPh b nbﬂl%%t 1@%%%:90429 | XbHEE AN i
quorinatég]%%f%gﬁg%e&%ong%ﬁggéfﬁaptioé%ﬁ y Wt %bnngﬂ%r?ngte Oégclic
car bonat ebisfoamagyRalis €CERy 6B R sviendn 8r' ia Fcont.dnt i,andin ibat indeger fohvent as

th | ectraql yt I t Kk . 20] , Th l ect.rol yt iti f th
prasent I Pgekl roly bl ouT BLGaN GeRort VIt bl de el y8d BasPt i ve

el ectrodes and charged negative el ectrodes and |ow flammability. The high
boiling points of the electrolyte conpositions of the present invention
result in |less pressure buildup in the3cells at operating tenperatures.
[21] O her features and advantages of the invention will be apparent from
the follow ng detail ed description of the invention and the clains. The
above summary of principles of the disclosure is not intended to describe
each illustrated enbodi nent or every inplenmentation of the present
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Det ai |l ed Description of Presently Preferred Enbodi ments [22] Al nunbers
arc herein assuned to be nodified by the term"about." The recitation of
nuner i calwoangas9dry endpoi nts i ncludes all nunbers subskogdSaoriosTi14 hat
range (e.g., 1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.80, 4, and 5). [23] A
non- aqueous el ectrol yte solvent should have one or nore, preferably several
desirable properties. Exanples follow, A non-aqueous el ectrolyte sol vent

Shoul d_ heReRoIONi-ammhatsin iy Oor | cwrsRbis Grdint- |- &AFADS &7 infegsb AoEqLwctgnd
el ectrol yi &; SOy eRhoGaNg RS, qg&gémqlt&bb/rogﬁi}é?%?at W YOI Q1 JnlgtRy2 R/ or - by
Wt xygen. é ita e of

bei ng verfisldhf?o reac guan tive asure

f | amabi | théryatilsast basdt Boj Rif and\Rgt k€L Haeaand evhofeif Adssinizlei doyalicnvinind s
bringing(gﬂ%%ghted mat ch near a wei ghi ng pan contai ni ng the sol vent of
i nterest ‘observing whether ignition occurs. Mre details on this

measur e g08sf OUnital OWshALNRASiVREDR SAEH Bl REERCIEH ARl MUl at ed

el ectrolyte solution has a i nt above the operating te rature of a
batt ery iformatlh RIOtGBEBFHRR 1 whyrem 4t deassed. of Rngndopeisat i ng t enper ature of such

batteries _igs-nqar Vi d .7 A _non-agu el ectrolyte.shoul d all ow
the cel | -C6RoMR TRk BRI e B R, SuaRR SRR G nob PR R Cutbiael
after each 1ICANSOWHI ¥Rl RYGhE R, brédlkyPeRRips BEHELUSo & c8Bbh AloytsCaiWHédinbe
el ectrochenical ly stable at highly reéu0|ng and oxi di zing potentials. The
t hr eshol dRif end Bh evty wehidat van agxig atavededdhatthenmon 1 dgtheBugnéRectre ol yt e
should b Bl vol tage (versus Li+/Li) that is greater than the cathode
(positive é?bgtrode) voltage at full state of charge. The threshold for

el ectrocliemical radyeédmadis@ieichehdtancagduenysf dlecedbiotycabshaletphtaiky a
voltage that is lower (versus Li+/Li) than the anode (negative el ectrode)
vol t age dluorigpted sprhppate corpeygls havq ssprisingly Aighdiealgigspaints apd v yelatlgicsent

should b eang QE@& ﬁa%elngraf ta%)fegs ﬁlﬁmrngﬁe SPRSY géimb%?inolevtﬁarg ?ﬁg@?ﬁlﬁ%@&%t%ﬁgtea nd to

t he charge e anode materia € nmeasure o y I'S
exot her msohgets. tYenpavatt sompoditidbizanclednt itoncdagiovadnmiih elso goitagifedivsly

el ectrol yf.e and the charged, actiye cathode material or the charged, active
Shode. miERPRE SeTAb{GRIR BBy ie %&PE?%@?IH@OS&%&H@ thaip Y ARC). [ 26]

Hovever, SQmRchdrfiti@RvRY ic%%ﬁ%tﬂsué@%%ﬁi%rs‘)ran& hertoabic haRpbi-athief the
non- aqueous el ectrolyte at the el ectrode surface can be beneficial if a

passi vat iqegdBoivites Ebiest o klgtteodhamerat doecds SEd) a taagenf oppritorredpemturdse
W et he (G e3emble EM el B auropes Gidsb sy Ssnd Bmfion ne Sepect .
the presagfuitdhv@fifoP R pRitiQMIafl &S 1M Gd)C ThakHIQBRIBNHONASSRI (ah®BRcRGYicNY
structures according Po Formul'a 1: 8
compositions including the solvent compositions) also can present fewer difficulties in
storage and handling than do some conventional materials, due to one or more relative
advantages such as lower volatility, lower flammability, and/or lower combustibility of the
inventive partially fluorinated carbonate compounds and electrolyte compositions.
[015] At least some of the partially fluorinated carbonate compounds are particularly
well-suited for use in large format lithium ion batteries (batteries that operate essentially
adiabatically and can therefore experience high temperatures, for example, temperatures
above 60°C). In such batteries, electrolyte compositions comprising the compounds of the
invention can exhibit adequate conductivities, while being less likely to react with charged
electrodes or ignite during catastrophic battery failure than some conventional electrolyte
compositions.
[016] Thus, at least some solvent compositions including the partially fluorinated

carbonate compounds meet a need for electrolyte solvents that have reduced reactivity,
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l. [28] In Fornmula 1, each of the groups Rh% Rh' and R111 is

i ndependently hydrogen or C, 112, 1, wherein x is an integer from1 to 4,
and Y i s wocossal7est0 bond or the group - CRs4Rs5- where each/ustooRrbgzA1end Rs5
is independently H or an al kyl group having 1 to 4 carbon atonms. [29] In
Formula 1, Rf can be the partially fluorinated al kyl group -CFRfl CHF R/,
wherein Rfl is F, or C11F21111, and n is an integer from1l to 8. In sone
embodi mertoatiliy.iflamamatiihiy etk compasiitilifyor@ativedoicanvinkiepalsabsaisheat s, nost

pr ef er abl Ny i tQ 4 / 4l + erein pis an
i nt eger f%f%e?ﬁl+e§¥ gﬂidlgénglg%qllg{e%%&romfgn%gaﬁll%ne ééacfml:re M@ﬁgﬁl S tor

Rt - 10( R/ Qiddquatclwher elcttrathemid@l d¢vide conmybnBits asdviter ethibinadeguat ionit eger from 1
to 8, and wherein Rf4 is C,IF2,4 wherein g is an integer of 1 to 4. In sone
enbodi merfP8JUGHVitEss et hiaBge Pt 9REHING EHPFUWEF- i n ot her enbodi nent's, nore

pr ef er abl i's i ‘OF : il branched. In
sone enbc;gll@ents?p%ﬁzl%l aﬁg@é&gﬁlgﬁlﬂdg?ﬁ%} %80( é)o&?d'e?-@ Q.Ct%f)cﬁlet ealg %P%JSI a above,
when Rf | (psfdFaldndbdRfcfics)sndudingére dtctlobas toropmsitofnsRinid, arflkb2s mobidRg3he s

C Hz2, 11. %O%hl n Formula I, A can be a single coval ent bond or CH20.

Pr ef er abl G5 PR EYFMACEFS-when A is CH20, then Y is a single coval ent bond.

[ 31] 'VPF e[om]rti cH e &ﬂﬁddﬁrﬁerﬁaﬂ@&[}f&tsﬁbﬁltﬁféa rlQ'-&ﬁbﬁolﬁﬂE-Z—%ﬁE cGi%&[ﬂd@'a?e arc
shown in Formula Il and |11, below, wherein the substituents are as defi ned

above. 0 pryddaDosylorebro PUTEUSROGITHi0B A0 hattdrRe] I enctimychbodiaspadiuorinpe
Becor di ng batks R PABYU Rl Kutfing e TSy BT B i Jyibn et o s
enbodi neribn Wit NIRiroshdRbBodiandt, Ruotific ARAKIRGIFEM6IRET 2} e fiokided
i nvol ves the conposition of Fornula V:
as electrolyte solvents for lithium ion batteries.
[019] In another embodiment, mixtures of one or more fluorinated compounds of the
invention together with non-fluorinated cyclic carbonates, acyclic carbonates, more
conventional solvents, or combinations thereof, are provided as electrolytes for lithium ion
batteries. In yet another embodiment, the invention provides a lithium ion battery with a
fluorinated carbonate compound or a mixture of fluorinated carbonate compounds,
optionally with non-fluorinated cyclic carbonates and acyclic carbonates and/or a
conventional battery solvent as the electrolyte solvent package.
[020] The electrolyte composition of the present invention provides low reactivity
towards charged positive electrodes and charged negative electrodes and low
flammability. The high boiling points of the electrolyte compositions of the present
invention result in less pressure buildup in the cells at operating temperatures.
[021] Other features and advantages of the invention will be apparent from the
following detailed description of the invention and the claims. The above summary of
principles of the disclosure is not intended to describe each illustrated embodiment or
every implementation of the present disclosure. The figures and the detailed description

that follow more particularly exemplify certain preferred embodiments using the

principles disclosed herein.



Rh7 Rh8 O [34] In Fornula V, R116 is C'H2" fi and x is an integer froml
to 4. R117 and Rhs arc independently hydrogen or an al kyl group conpri sing
1 to 4 cawbanosatres™® and n is 0 or 1. 12.47 can be F, a lPcmaseoosnstnanched
CpF2p-1 group, where p is an integer fromone to four or Rf7 can be

Rf 8Q( Rf 40) When 12h7 and R118 are bot h hydrogen, then
nis O0Oand RF7 is elther a Iinear or branched CliF2, group, where n is
an integer from ond® 1 e pf P: medEmme‘emgi | east one of

Rh7 and IS a al k then T8y , then at
east ond0eAl Ry isganglQr&Hl aﬁwfd@%@oaﬁagkyﬁaﬁammbﬂu 2ot n . |
When at l@ﬁ?dttloﬁ B?n%eﬂgah Zar%egteﬁ%i)oﬁumcadgym BL:AbRs sAREmAd Withfh mhhen R i's

F, or C'F2n-yl and Rf7 1Is R1-10(RI-40) m, as descri bed above.
VWhen bot hraiieAcand tRIFSnaludesal. KA, 2926@,p333&0héyand95) together forma ring

ctv uct ur AT o SAGUF-IS0r O o Rby R S TR R SRR R s

H O 00 O &RkiZatR broperties. Examples follow. A non-aqueous electrolyte solvent should have
low flammability or even be nonflammable. A non-aqueous electrolyte solvent can be
nonflammable by having low volatility and/or by being very slow to react with oxygen.
One quantitative measure of flammability is flash point. Another measure of flammability
involves bringing a lighted match near a weighing pan containing the solvent of interest
and observing whether ignition occurs. More details on this measure are found below in
the Test Method section. Preferably a formulated electrolyte solution has a flash point
above the operating temperature of a battery in which the electrolyte is used. The
operating temperature of such batteries is normally around 60°C. A non-aqueous
electrolyte should allow the cell to be charged and discharged (cycled) without losing
capacity after each consecutive cycle.
[024] A non-aqueous electrolyte should be electrochemically stable at highly
reducing and oxidizing potentials. The threshold for electrochemical oxidation of the non-
aqueous clectrolyte should be at a voltage (versus Li+/Li) that is greater than the cathode
(positive electrode) voltage at full state of charge. The threshold for electrochemical
reduction of the non-aqueous electrolyte should be at a voltage that is lower (versus
Li+/Li) than the anode (negative electrode) voltage at full state of charge.
[025] A non-aqueous electrolyte solvent should be chemically stable to the charged,
active cathode material and to the charged, active anode material. One measure of
stability is the exotherm onset temperature of the reaction between the non-aqueous
electrolyte and the charged, active cathode material or the charged, active anode material
as determined by accelerating rate calorimetry (ARC).
[026] However, some limited oxidation or reduction or chemical reaction of the non-
aqueous clectrolyte at the electrode surface can be beneficial if a passivating Solid
Electrolyte Interface (SEI) layer is formed in the process. This SEI layer can protect the

electrolyte from further reaction with the electrodes.



VI [ 35] In another enbodi nent of ROC(0)OR, R and R may each be

I ndependently represented by group C(Rh7)(R118) CFRACF2CF2) 11CHFRf 7. The

st ruct ur esonewase@nt ed by this enbodi mrent may be symmet PCtalS2ehie871R and R
are the sane, or the structures may WO 2008/ 079670PCT/ US2007/ 087114 be
asymmetrical (when Rand R are different). In each of the groups R and R,
each R117 and each Rh8 is independently a hydrogen or an al kyl group
conpri si A2l t o In enpraspertathepEsseiy imepptipe proyidss gyclisrrarbodaig camposifigns one of

R117 and (group. Wen n is one then Al and R17
are both @%@Pgugota%%ﬁiggﬁg%% are al kyl groups, they may be linked to
forma ring of from5 to 6 carboi® atons. [36] In another aspect, provided

is an electrolyte solvent conposijfion according to Formula IX: 1X
wherein each substituent is aspdeft@ed above. [37] A few exenplary
el ectrol yte sol vent struct Rres |are oxyn IQJeI ow in Formulas X and Xl :

I.

[028] In Formula I, each of the groups Ry', R, and Ry’ is independently hydrogen or
CxHyx:1, wherein x is an integer from 1 to 4, and Y is a covalent bond or the group
—CRy,'Ry,’— where each of Ry and Ry’ is independently H or an alkyl group having 1 to 4
carbon atoms.

[029] In Formula I, R can be the partially fluorinated alkyl group —CFR;'CHF R¢,
wherein R¢' is F, or CyF2y11, and n is an integer from 1 to 8. In some embodiments, n is an
integer from 1 to 6 and in other embodiments, most preferably n is an integer from 1 to 4.
R is F, CoFap+1, wherein p is an integer from 1 to 4 and C,F2,+1, may be linear or
branched, or Rf3O(Rf4O)m—, whereinm is 0 or 1, and Rf3 is CyF7,+1 wherein n is an integer
from 1 to 8, and wherein Ry is C4Faq wherein q is an integer of 1 to 4. In some
embodiments, n is an integer from 1 to 6 and in other embodiments, more preferably n is
an integer from 1 to 4. R¢ and Rf may be branched. In some embodiments, Réis CoFanii
or RFO(R{'0)y— . In the formula above, when Ry'is F and R¢*is F, then at least one of
Rhl, ha and Rh3 18 CyHoy11.

[030] In Formula I, A can be a single covalent bond or CH,O. Preferably, in
Formula I when A is CH;0, then Y is a single covalent bond.

[031] More particular cyclic carbonate electrolyte solvent materials are shown in

Formula II and III, below, wherein the substituents are as defined above.

I, L.



HF F F Rh7 Rh8rRh7 Rh8 F FF H FF F FF F FF [038]Lithium salts can be used
together with the solvents disclosed herein. For exanple. Exenplary |ithium
sal ts ar ewetads/igoend sol uble in the chosen charge- carryipog/useai7asamnd
performwell in the chosen |ithiumion cell, and include LiPF6, LiBF4,

LiCl 04, lithium bis(oxalato)borate ("LiBOB"), Li N(SO2CF02, Li N SO2C2F5) 2,

Li AsF6, Li C(SQ2CF1)3, and conbi nations thereof. Suitable cosolvents for

m xi ng wilPB2k he Eoinpdlipr gsperet, threprpycas Bryentioneavidenadyakis earbonraiose useful in
l'ithiumi bt erd te, propyl ene carbonate,
dinethy|‘%ﬁ%@%ﬁéﬁ%@£§$%§ﬂ§P“§§F§§?§#§5§§§ﬂ§@ﬁ3?hy| carbonat e, vinylene
carbonat e, vinylethyl ene carkanali(=0)-0-Ror oet hyl ene carbonate or conbi nation
t hereof [039] Rechargeable lithiumjon cells qr. batteries generally conprise
a positi J@i& ect B&a@%aa@%@@%ﬁr} menterhsreige il adFedar at or

L her ebet YRt SRSIIRTEYE D HINPIIBRERIXLABOSESR bF Phifita GOmPY 1 S1 Ng a

charge-carryi'ng media or solvent or ven xture as provided in this
di scl osure along with a ubthhun1§ait. Sui t abHe jthiumsalts include, for
exanpl e, those described §n t{e, pfecedi ng par ph. [040] Qbj ects and
advant ages of thisFiﬁygq;HQn e f q@pggFDL ustpated by the foll ow ng

O O

F 1
R V.

[034] In Formula V, R is C,Hyy:; and x is an integer from 1 to 4. R, and R, are
independently hydrogen or an alkyl group comprising 1 to 4 carbon atoms and n is 0 or 1.
Ry’ can be F, a linear or branched C,F,+1 group, where p is an integer from one to four or
R¢’ can be RFO(R{'0),-. When Ry and Ry® are both hydrogen, then n is 0 and Ry is
cither a linear or branched C,F,,+1 group, where n is an integer from one to four or Ry’ is
R{O(R('0)y-. When at least one of Ry, and Ry,” is an alkyl group, then n may be 0 or 1.
When n is 1, then at least one of Ry, and Ry,” is an alkyl group and R¢' and Ry are both F.
When at least one of R,” and R},” is an alkyl group, and n is 0, then Rf is F, or C,Fa,11 and
Rt is F, CyFani1 or REO(R{'O)-, as described above. When both Ry’ and Ry® are alkyl
groups, they may together form a ring having from 5 to 6 carbon atoms. A few exemplary
electrolyte solvent structures are shown below in Formulas VI through VIII:

O Rh7R8

O H HF H "FH
R“G\OJ\O R? R“G\OJ\O R?
"Ry "R VI
o RVRe £ F
RhG\O)J\OWF
FFREERF VIII

[035] In another embodiment of ROC(O)OR’, R and R’ may each be independently
represented by group C(R, )(Ry,")CFR¢ (CF,CF,),CHFRy. The structures represented by

this embodiment may be symmetrical when R and R’ are the same, or the structures may



exanpl es, but the particular materials and amounts thereof recited in these
exanpl es, as well as other conditions and details, should not be construed
t o undul ywbDi2oe8/079470s i nventi on. Exanples [041] All nunbecs/use@7neiight
percent (wt. 9% unless otherwi se noted. Test Methods A Flammbility

[042] The flamuability of each conmpound was tested by placing approxi mately
S nL of the conpound in an al um num wei ghi ng pan at roomtenperature and
bri ngi ng b asygretirahoraR aid R harediffgren).nlnagssbof thergiows & srd RagptheRisur f ace.
If the s | e+ grsi: j ' i es (a). I.f th nple did
not i gni taal gﬁ a %Hegh é%glgite fx%éi\ﬁ@t e%icl)%(ﬁgg&t %%%sag%%gou °§’“; %)gIrI\lgclotrolté‘a%tr%% with the
| i ght ed radrad).n hiy bheers anphe ahd ai lbat oné 6f RdsindiRyein Ror Rt isng atifyl ¥esip( b) ,  but
none of the sanples earned this rating. If it di-d notsignite it was given a
rating of WRen {iyoneghensiy gpg Ry taje E?&llf %ﬁé@rﬁdwﬁ} Rnhéng&p@ﬁ‘ %?yggwwﬁ%y of

LI PP6_ andnii6. Salel (GAIPAKEGE #6inS Abiiigtyghsr 00m temperature to make a
solution containing 1.0 nole of LiPF6 1n 1.0 Iiter of the sanple conpound.
I f all of[086le Li RFéothicssspeet gravindddhe as alepirelyfel sobrenhatngbstmnpocordinghe Li PF6
sol ubilit}y is reported as "Yes". If a major fraction of the Li PF6 renai ned
undi ssol Véd': ulaﬂ ‘solubility is reported as "No". C. Accelerating Rate

Cal ori meter Exot higr m Onset Terrpe&%t ure %1? Lithiated Si|j con and Lithiated
G aphite wi t hRELettrol ytes. Q4. Frapar i oR%f Lithi atjd<5if7l i con and

Lit hi ated G aphi
F (CF,CF,), J\ (CF.CF,),~ °F
O O
1 F 'Rt
Rf F f IX,
wherein each substituent is as defined above.
[037] A few exemplary electrolyte solvent structures are shown below in Formulas X
and XI:
HOFRY Rhsj\ RIRSE
szw 0 O%Rg
F
R/ R/ X,
R’7R.8 R7R 8
HF F F \ th)\thF FF H
FWC OWF
FF F F F F FF XL
[038] Lithium salts can be used together with the solvents disclosed herein. For

example. Exemplary lithium salts are stable and soluble in the chosen charge-carrying
media and perform well in the chosen lithium-ion cell, and include LiPFg, LiBF,, LiClO,,
lithium bis(oxalato)borate (“LiBOB”), LiIN(SO,CF3),, LIN(SO,C,Fs),, LiAsFg,
LiC(SO,CF3)3, and combinations thereof. Suitable cosolvents for mixing with the solvents
of the present invention include those useful in lithium ion batteries, such as ethylene

carbonate, propylene carbonate, dimethyl carbonate, diethyl carbonate, ethylmethyl



[44] Silicon (-325 nmesh, 1.04 nk/g BET surface area, Sigma-Aldrich, St.
Louis, MO (80%, Super-S carbon (12% MW Carbon, Bel giun), polyvinylidene
di fl uori dEOQPMDAYG70( 8% a 9% by wei ght sol uti on i n N netrkyluspyo7nsilidi nonc
(NMP), NRC, Otawa, Canada)) and NWP, (twi ce the nmass of the silicon,
Sigma-Aldrich) were mlled into a slurry by nechanical mlling in a
nodi fi ed Spex-8000 ball mlIl (including steel balls, 12.5 mmdianeter, 1:10
mass rat i@rhenais Yinglsae ezbenaie ViyAstheyng exbaptaflyorogdiviege serpos¥ares/ ni n The
sI urry thick | ayer on a glass plate and was heated for
%nﬁﬁﬁaglg’gé%%%&set at 105C. The dried coating was renoved fromthe
gI aSS pl g089] gr 0RBdlal@babledﬂh@ﬁf-m&ﬂﬂllwasbdtterlamgbnbfaﬁyp:om@erSe wpssﬂp)‘&ssed
t hrough a 300 .um (50 nesh) The BET ace area of this SI licon
el ect r odel oA AN ge@tlggemr@f Vritea SerEeHhEe EPeEROF R ¥ BehaiLSTy)  and
a circul Hﬁ?ﬁ r a
silicon chrae %n ocegegﬁ% &%ﬁ%& rret ernéNgI%:(Bﬂlza ﬁélﬁﬁ?tgoggogel[l}ﬁrg%ddé? tﬁgl ene
Car bonat er¢Ed)d inDhstdhlsclosmrd:bmmweh 6 DE@Qymaald. BinttdtileihihHex adlisuoclogh dsphat e
(Li PF6) were ai Scr ce G bbstown, NJ). A1l Mlar (M
sol ution 5?@?%&@9\%& Sﬁ?éifg]lf“g&g %%B"f §¥'A8"t he appropriate amount of Li PF6
into the [B4HDEC Objcéts and\alivaRd 68 BF thidinbErtiom é ﬁﬁ@%@llﬁ%@ét@@@t& f()Hb\B%)
( Chenet aII H, Frankfurt, Germany), was dissolved in EC 1:2, vliv) to
a satur ateeidm@tmdmﬁtth%narmulmmfetMs aipi fmwuntS[ ﬂlsl]eot‘:mcﬁe@@l thsse(ezamsbGSWér e
prepared w n 0 lithiu and 1M Li PF6
B bec (ot Oy By sebfRPary R uBEg R te s ST Ry [ SIS oo
usi ng capacity control to form nomnal Li iSi, Li2Si and Li3Si (incl udl ng
irreversible capacity) using a curreifansifisi ty of about 6.5 mAV g. After the
di scharge was conpleted, the coin celTs were opened in an argon-filled
gl ove box04The silllimsorbeed ase treeghé ppiskntdwt lasunlpssssebrvisamotadimes wi t h di met hy|
car bonat en%%t (gd dri ed under reduced pressure to renove the residual DMC
sol vent . Rfﬁ ocarbon m crobcads (MCMB) (E-One Moli/Energy Canada Ltd.
VancouverA, Bfammhbiity had been heat-treated to about 2650C, were used to

prepare a aphite el ectrode powder by the s rocedure used to prepare
the sili d@%Z]er ectThoHampshdiy ¢ of Faeh capepEwpH ‘ieﬁ‘P@BEPE‘rCE’@ a@prqxrr@atw%n%a

about 20 t V. e BET
apeci f 1 c Suq ShgdhOee PR s Rl b\ RS ARR o Bt eI

el ect r odewqaied etatchatbtveithinl alyound ramaf $1neaﬂampge suntasc.11f8Re seddpde 1g@1ta4b it

el ectrode .pel |l ets i arreter nm_i n thickness de using
the sanme aar%’cae@ﬂp%giéfe% Ffﬁge Slg gid @tégﬁlre@éf@r pau aeps@ecqc@éé ¢ SATRE ¢ ho
gr aphi t e \glQRtd QfeacRe Jvﬁﬁ fheWhBedahaLt, BR: mﬁralgﬂﬁé& @rrgs giveh pefinklo! ude
the stainless steel nmesh. Coin cells assenbled wth the graphite el ectrode
pellet, |YgsHby fous frer ol sampdesaredohis axtohgl M itidRBEGot EGuPECVes giotr akating wer e
di schar gegﬁ éor m nom nal Lio.g]Co. C 2. ARC sanple preparation [48] The
sanpl es 4 th]? ARC Exot herm Onset Tenperature test were prepared as

descri beds,i QonbilMpBgLiEt, al ., El ectrochem cal and Solid State Letters,

9(7), A340- A343, g2006) The sanpl e hol der was nade from 304 stainless
steel sedffdlss t Uib¢ neppai prepertinas of LiRFe kibths sanplg. cgmomdw@reamelhmﬂgirﬂés)

(M crogro The qut er r 35 mm

(0. 250° noRRENR s s P B SafuBREL B e of Pt ST e der s vas
39. 1 MM (simpACconijohes) If a]lrtfftlﬁeenmg dtsislecdin thbeanfiRElvesnaet cdr@polﬁacihbo start
the test. The san'lole was equilibrated for 15 mn and the self-heating
rate was riBEsil@iligvererartpers obiesor hpmaios fraption efghe biREshmaringd) rate was

| ess tha rature was increased by 10C, at a
heat i ng ;{151939@%%@@%1%&@6 @ghg?ésevﬁfg(g equilibrated at this new
tenperature for 15 mn., and the sel f-heating rate was agai n neasured. The
ARC Exot herm Onset Tenperature was recorded when the self-heating rate was
sust ai ned above 0.04C mn. The test was stopped when the sanple
tenperature reached 350C or the self-heating rate exceeded 20Cm n. The
results of these ARC tests with electrolytes prepared with Exanples 1-4 and
wi th Conparative Exanple 2 arc displayed in Table 1. D. ARC Exot her m Onset
Tenperature with delithiated Li Co02 and delithiated Li Mhi204 with

El ectrolytes. [49] LiCo02 (particle dianeter approximtely 5 pm and

Li Mn204 were obtained fromE-One Mol il Energy Canada Ltd. (Vancouver, BC).
Li PF6 (Stella Chenifa Corp., Osaka, Jalhn) was di ssolved to a concentration
of 1IMin EC. DEC (1:2 v/v) solvent (available fromFerro Corp., devel and,
OH). [50] A sanple of delithiated Li CoO2was prepared in a standard 2325
coin cell. LiCo02 el ectrode powler was prepared by conmbining 7% each of
Super S Car bon Bl ack and PVDF (10%| n NNP NRC Cltavva Canada) vvrth about

~ NN " e NN m oA~ 1 N | 1. . 0*



[51] Coin cells (2325) with a Li Co02 el ectrode pellet, a stainless steel
nmesh el ectrode, a 1 MLiPF6 EC/DEC (1:2 v/v) electrolyte and three

pol ypr opywereosigse78502 separators (Cel anese Corp., Dal | @€T/UBX)07x06T14
assenbled in an argon-filled gl ove box. The cells were charged with a
constant current of 1.0 mA until the cell voltage was 4.2 V vs. Li/Li
After reaching 4.2 V. the cells were allowed to remain at open circuit

condi ti orfs: AéeelgmtingRate Calomiaetep dxotharm Onsefdiamperatuys forcbithiaged, 4. 2 v,
The cel | e j t ent of 0.5 mMAto 4.2 V versus
LilLi . Zﬁlpgin %& g[tgﬁq%q\b%g%@tegﬁgﬁ E?E%F(gg{eg'est cycles, where the current in
each cycl e was r €dl@edpimation Ui Uitiiatkd Silivon raadt Litsiatkdi Graphétepr evi ous cycl e,

ol 1 i &G | CoBBCBN Gt aurah it Bt BT e atss S GHCARTEI 3. iitovas
i nsed i digue) RG2S BBl B0PMEIEYTochl BB BoRSh Rhcittnpbaged i n

the glove b antec er under reduced préssuare for 0 renove the
resi dual (BMDF)Figfalal s by neigha splugomasNimghyll pyrgtidunde (MMPUSERCnOttimvea, ARC

test. [52] A.sa f dcljthiated. Li N\h204nwas p red by .phe. sane

or ocedur & WaTpR A0 YSUA (5% e of e sEon: HERe Eqobs totre AR Glbet 1 ¢ ut i ng
Li Mh204 paweery mels}%a%lcamﬁnﬁ%m aRdifRd Ipee-sbBLExafiin gh@h@ﬂg%ﬁeem{mgr ature
test with delithiated Li Co02 and delithiated Li Mh204 were prepared in the
sane mannérS msn dikmetanil @massontio hEsiARD Exotchbellp dtmmenyeg at ure test with
lithiate ili.con,. except that aboyt 100 of either .delithiate | Co02 or
del 1t atly THn2ya " (aE Shmd M PRAIn Eer Bt bR H e e e B b oTang

t he tenpeabatiurkh of art RenARGIWS A. MHd d@lddyostig wes bikded BonGhaplss Plagghar ge
Cycling of LiFePO4/Li4T15012 and Li FePail graphite Cells containing 0.5 M
L1PF6 el eyl paggortarjagd pestlezng thaspomvder we @awsgd Hirewaht 230hent(59 mesh

i thi um Koot S5 PRATHAE) 4 b A WE0s PGy H 0 e Ppichest ot

( Pi scat avgyetrotild powd &1 8Q i-a pi ) ta@d W s@dulvBpic xRt ot st¢v] afcoh ead presdddVB) heat
treated to near 2650C. El ectrodes were made fromthe active materials, 10%
by wei ght(9&3pdPa)dntoz placonmileseteda pellet Obs myn Hamgter. (Rmnpihigkdr . Li FePO4 and
Lia ITis el e C . i N M:H\/Belectrodes
wer e coat@%ﬁon cg%{ 2&%1‘%06?@}1%% @gbﬁ)elglaep éga%%g?g@gfngﬁghnegati ve el ectrode
was used He¢xatlheropkbdphate( hiPEgpuicre obtaatedtfiven EdfSticnve (CliestovaddNIhad a st abl e
and known &%Lle tial v.ersgs. LilLi when SPhe.Li -ion cell reached the fully
charged st r?wé?l}ltl@ils BbAe yvas propgtied Py dlissplying 1B gprIopitRAMERHL T e 0. 5
M Li PF6 i éht ANELGRH ' AR ge! | s
(2325) er%gtloggi&Eg%éﬁg?gbﬁzéé\é%%'zﬂggpar at Ogéfay@?@%gggﬁ%%) g est \tleglﬁi cles.

Cel | s wer@mbHaFgekifunts Gegnany) remt &ssobredaes BONAEQ |1 Lov/a) tvor satliratedchar ge i n 10,
20 or 40 h ‘gC/trth c%%jo ﬂ{) 40) between the limts of 4.2 V and 2.5 V
versus LiSPprentration gaboub D &M "oy neriment's i dentified those sol vents that

coul d sugpasin accept &Pk QBRGAR: HESEERHAR aGYfdoh Rbctrd AEp&1cVVAThiS R MBetal
i ndi cation that sone of the electrolytes may not have fully wetted the

separ at orfodaad éMekiPFe §#&sDECH et oy deatsohde ppeasepantere Thepels wdref or t he
Exanpl e 1.where the el ectrodes and separ.ator.S..\Werg 'pressure wet". Pressure
oot 1 ng iR b SHEel) SRR BrRgRERB O S P SIS L s < 1
vial of dheedrsibleyapacityusigg a chtraiticfSs Etabeht @\@hghF AGtep FrR\Ehafge @alksi ng.
The vial was placed within a vacuuni pressure vessel, and the vessel was
evacuat eorpleesp thscain sellssyere ppencdpa pn agppdiled@lasedgrddhe sHisoy glegEpdangs
slowy pr | Z&dl I : 7 ny' conds,

t he pressp‘:e?%mw%s sle%\?ﬁlg/r%?léﬁgyéts%%&aeﬁ '? %{Boﬁqtée@?mgggghéa%g%gggﬁggg wer e
renoved. ptaistreaeirdrsoweathe rdsivrnl Ddviesolivéh. no addi tional el ectrol yte added. F.
Cycling of LiFePO4/Siljicon Allo |l ith 10%.of flugrinated solvent in
EC: DEC bi_%hcosoMﬁé?ﬁa.rbqﬁr@Eé?@fa%ﬁi\ﬁgﬁ@w&@%hﬁlﬁ%wgﬁ ﬂagﬂm num
silicon, V{fRBuvdr] BENikdPha@BntHAt-WEI &l RRIBLITRS08S, WYL Gs&l t\%/@? & 4N high
purity (99.8 weight percent or greater) from Al fa Aesar, rd HII, MA or
Al drich, gviphimckeepddpowderbiyxbhesamafrocaiues esd thpebarent glical dectiodown as

m schrmetal (MW .. was al so_obtai ned, f fa Acs with 99.0 i ght percent
o mum e SeE AT S E e dhr RIS C b ME M S pat s i &8 P " Ta06
neodym um 6% praseodym um 22% | ant hanum and 4% ot her rare earth denents.
[58] The silicon alloy conposition was prepared by nelting a m xture of
7.89 g al umi num shot, 35.18 g silicomr Hlakes, 9.34 g iron shot, 1.00 g
titaniumgranules, 17.35 g tin shot, and 29.26 g m schnetal (MM in an
argon-filled arc furnace (from Advanced Vacuum Systens, Ayer, MA) with a
copper hearth to produce an ingot. The ingot was cut into strips using a
di anond bl ade wet saw.



[59] The ingots were then further processed by nelt spinning. The nelt

spi nni ng apparatus included a vacuum chanber having a cylindrical quartz

gl ass cruweOkbes/7a®omm i nt er nal di aneter and 140 nm | eng®Pl)/useach/087104 35 nm
orifice that was positioned above a rotating cooling wheel. The rotating
cooling wheel (10 mmthick and 203 mm di aneter) was fabricated froma
copper alloy (N -Si-Cr-Cu C18000 all o%/ f rom Nonf errous Products, Jnc.,

Frankl i n,scpnyng gestsmemisiescersiSigl). enétheddfel spacificwriaee R w@d 818l g /@vheel was

pol i shed i q9ﬂ$ t 18

Paul , ﬂ{ Ede %Iﬁ&\%a od ﬁjd ﬁgneérléﬁ ol ?L\fvgé I?ég%/red?gﬁgﬁﬂgmf{@%\%% 60] After
pl aci ng al mmé/gl @a@hlaterleqﬂrodnpelttﬁs @rusinkih djantde any d treminasiciricsgtwevacuat ed
to 80 mlliTon- ) and then fi]led th heli sto 20 The i ngot
was el t eraad&ersrr@ t eéﬁ%e IPrPé‘Efﬁ’é%%/ of Htwﬁrqoaﬁ coieds palcte ﬁrs@pat%at e ezpbed
1350C, 4%@ecﬁoﬁ@bélwﬂ %x%%%Hﬁtesdoﬁlﬁ% aPRhsefdldR ﬁét‘%nélh!&é t%%‘taﬁflesis@‘c%ef‘i%%e” al I oy
conposi tion and the all oy conposition was extruded through a nozzle onto

t he spi niayg c¢l50Biemidvd vthitimgraplete erh:cnro)de@ekbfbt; ]mtglumtneetal foil, sbymmatet aridos wer e
formed t . W 0 1mnadat ness of The ribbon strips
wer o annf & i PO Aafrosis Niks Reihrisl GEHGh RadtabhineRe { a t ube
furnace, then cogl2dARCsAAAEPEEhratib®1] Each of Exanples 1-4 was used as

an additive to the electrolyte in coin cells (2325) with an el ectrode of
Li FePO4 ([P#%Im Phdbe sammples fomrltm?xRQtﬁnor@atn Ompg Taapraataye testrvast preppisd@sof t he

silicon allo Q btio n a 0 il h con

S oy ol QPRI Te gD, 7 FlekBnerkAiGy) o4 9366 sAFTRHRED S8R, ASRBA or i e
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GC- FI D. 70]] ach of the Exanples 1-4 was rated "Yes" for solubility of

Li PF6. 1Abtle | . Thesamples fort Extorothormn Qussel crmegrplarctesirvatitgeliipipied

Fl ammabl eLiCoOz and delithiated LiMn,04 were prepared in the same manner as the samples for the
ARC Exotherm Onset Temperature test with lithiated silicon, except that about 100 mg of
either delithiated LiCoQO, or delithiated LiMn,04 was used with an equal mass of test
electrolyte, and the temperature of the ARC was initially set to 110°C.

E. Charge Discharge Cycling of LiFePO,/LisTisO;; and LiFePO4/graphite Cells
containing 0.5 M LiPFs electrolytes.

[054] Examples 1-4 were each tested neat in LiFePOy/graphite and
LiFePO4/Li4;3Tis;304 coin cells. LiFePO4 (from Phostech Lithium, Montreal, Canada).
Liy;3Tis304 was obtained from NEI Corp. (Piscataway, NJ). The graphite used was
mesocarbon microbeads (MCMB) heat treated to near 2650°C. Electrodes were made
from the active materials, 10% by weight Super S Carbon Black and 10% by weight

PVDF binder. LiFePQ4 and LissTi5304 electrodes were coated on aluminum foil and
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MCMB clectrodes were coated on copper foil. A 20% capacity excess of the negative
electrode was used in the cells, to ensure that the negative electrode had a stable and
known potential versus Li/Li" when the Li-ion cell reached the fully charged state (i.c.,
LigFePOy).

[055] The electrolyte formulations were 0.5 M LiPFg in each of Examples 1-4 and
Comparative Example 1. Coin cells (2325) employing Celgard No. 2502 separators were
used as test vehicles. Cells were charged using currents corresponding to a normal
recharge in 10, 20 or 40 h (C/10, C/20 or C/40) between the limits of 4.2 V and 2.5V
versus Li/Li".

[056] Initial experiments identified those solvents that could sustain acceptable
charge-discharge cycling. There was some indication that some of the electrolytes may
not have fully wetted the separator and electrodes. Therefore experiments were repeated
for the Example 1 where the electrodes and separators were "pressure wet". Pressure
wetting was carried out by submerging the electrodes and separators in a vial of
electrolyte, using a stainless steel weight to prevent floating. The vial was placed within a
vacuum/pressure vessel, and the vessel was evacuated to approx -25 psi (172 kPa). After
30 seconds, the vessel was slowly pressurized to 120 psi (827 kPa). After an additional 30
seconds, the pressure was slowly released and the electrodes and separators were removed.
Coin cells were then made with no additional electrolyte added.

F. Cycling of LiFePO,/Silicon Alloy cells with 10% of fluorinated solvent in EC:DEC
base cosolvent.

Preparation of Silicon Alloy

[057] Aluminum, silicon, iron, titanium, and tin were obtained as pure elements in
high purity (99.8 weight percent or greater) from Alfa Aesar, Ward Hill, MA or Aldrich,
Milwaukee, WI. A mixture of rare earth elements, also known as mischmetal (MM), was
also obtained from Alfa Aesar with 99.0 weight percent minimum rare earth content which
contained approximately 50% cerium, 18% neodymium, 6% praseodymium, 22%
lanthanum, and 4% other rare carth clements.

[058] The silicon alloy composition was prepared by melting a mixture of 7.89 g
aluminum shot, 35.18 g silicon flakes, 9.34 g iron shot, 1.00 g titanium granules, 17.35 g
tin shot, and 29.26 g mischmetal (MM) in an argon-filled arc furnace (from Advanced
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Vacuum Systems, Ayer, MA) with a copper hearth to produce an ingot. The ingot was cut
into strips using a diamond blade wet saw.

[059] The ingots were then further processed by melt spinning. The melt spinning
apparatus included a vacuum chamber having a cylindrical quartz glass crucible (16 mm
internal diameter and 140 mm length) with a 0.35 mm orifice that was positioned above a
rotating cooling wheel. The rotating cooling wheel (10 mm thick and 203 mm diameter)
was fabricated from a copper alloy (Ni-Si-Cr-Cu C18000 alloy from Nonferrous Products,
Inc., Franklin, IN). Before processing, the edge surface of the cooling wheel was polished
with a rubbing compound (Imperial Microfinishing from 3M, St. Paul, MN) and then
wiped with mineral oil to leave a thin film.

[060] After placing a 20 g ingot strip in the crucible, the system was first evacuated
to 80 milliTorr (mT) and then filled with helium gas to 200 T. The ingot was melted using
radio frequency induction. As the temperature reached 1350°C, 400 T helium pressure
was applied to the surface of the molten alloy composition and the alloy composition was
extruded through a nozzle onto the spinning (5031 revolutions per min.) cooling wheel.
Ribbon strips were formed that had a width of 1 mm and a thickness of 10 um. The
ribbon strips were annealed at 200°C for 2.5 h under an argon atmosphere in a tube
furnace, then cooled and powdered.

[061] Each of Examples 1-4 was used as an additive to the electrolyte in coin cells
(2325) with an electrode of LiFePOy4 (from Phostech Lithium, Montreal, PQ, Canada), an
electrode of the silicon alloy composition and No. 2502 Celgard separators. The silicon
alloy electrodes were 92% silicon alloy, 2.2% Ketjen black, 5.5% polyimide P12555 (HD
Microsystems, Parlin, NJ). The Ketjen Black and silicon alloy anode were premilled
together using a Fritsch Micromill Pulverisette 7 (Goshen, NY) planetary mill with four 13
micrometer diameter, tungsten carbide balls for thirty minutes at a setting of seven.
LiFePOj clectrodes were made from the active material, 4% Super S Carbon Black and
6% PVDF binder. LiFePQO, electrodes were coated on aluminum foil. A 10% capacity
excess of the negative electrode was used. This was to ensure that the negative electrode
had a stable and known potential versus Li/Li" when the Li-ion cell reached the fully
charged state (i.e., LigFePOy).

[062] Electrolytes used in the cells were 1M LiPFg in EC/DEC (1:2, v/v), with 10%
of Examples 1-4.
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[063] The coin cells were charged and discharged between 2.5V and 3.7V using a
C/10 rate (based on the positive electrode) for the first lithiation of the silicon alloy. For
subsequent discharge/charge cycles, a C/5 rate (based on the positive electrode) was used.
A trickle current of 10mA/g (based on the active electrode mass of silicon alloy) for
lithiation of the silicon alloy was used at the end of each C/5 charge of the cell. The cells
remained at open-circuit for 15 min. rest between each charge and discharge.

Example 1. 4-(1,1,2,3,3,3-hexafluoropropyl)-1,3-dioxolan-2-one

[064] Example 1 was prepared by combining 2,2-dimethyl-1,3-dioxolane (200 g,
1.96 moles, Fluka Chemie GmbH, Deisenhofen, Germany) and Luperox 575 (10 g,

0.041 moles) (Arkema, Oakville, Ontario, Canada) were combined in a 600 mL Parr
reactor (Parr Instrument Co., Moline, IL). The reactor was warmed to 75°C and
hexafluoropropene (300 g, 2.0 moles) (MDA Manufacturing Inc., Decatur, AL) was added
at a constant rate. The reactor was allowed to stir at this temperature for 16 h. The crude
reaction material was distilled using a ten plate Oldershaw column to afford
4-(1,1,2,3,3,3-hexafluoropropyl)-1,3-dioxolane (boiling point (b.p.) of 144°C).

[065] The above purified product (265.3 g, 1.05 moles) was combined with methanol
(674 g, 21.03 moles) and concentrated hydrochloric acid (26.03 g, 0.71 moles) in a 3-L
round bottom flask and the mixture was heated at reflux for 72 h. Excess methanol was
removed by rotary evaporation. The resulting fluorochemical diol (116 g, 0.55 moles) was
combined with pyridine (181 g, 2.3 moles) and dichloromethane (235 mL) in a 1-L round
bottom flask. The temperature was maintained below 0°C and phosgene solution (20% in
toluene, 60 g phosgene, 0.60 moles) (Sigma-Aldrich, St. Louis, MO) was added dropwise
from a jacketed addition funnel that was maintained at or below 0°C. Following the
complete addition of the phosgene solution, the reaction mixture was allowed to warm to
room temperature. The reaction mixture was quenched with excess saturated ammonium
chloride. The organic phase was collected. The aqueous phase was extracted once with
dichloromethane (200 mL). The organic phases were combined and washed with 1N
hydrochloric acid, saturated, aqueous sodium hydrogen carbonate, saturated brine, dried
with anhydrous sodium sulfate, filtered and concentrated via rotary evaporation.
Components of the reaction mixture were separated on a one-plate distillation column.
[066] The purified product was analyzed by Gas Chromatography/Mass
Spectrometry (GC/MS). MCMB/LiFePOj coin cells (2325) made and cycled as per Test
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Method E with Example 1 as the only electrolyte solvent had a capacity fade rate of

2.65 % capacity fade/ cycle for a discharge rate of C/40 and a capacity fade rate of 0.62 %
capacity fade/cycle for a discharge rate of C/10.

Example 2. 4-((1,1,2,3,3,3-hexafluoropropoxy)methyl)-1,3-dioxolan-2-one

[067] Example 2 was prepared by combining 4-(hydroxymethyl)-1,3-dioxolan-2-one
(100 g, 0.84 moles) (Huntsman, Salt Lake City, UT) with potassium carbonate (23 g,
0.166 moles) and acetonitrile (200 mL) in a 600 mL Parr reactor. The reactor was warmed
to 45°C and hexafluoropropene (139 g, 0.92 moles) was added at a constant rate. The
reactor was stirred until the decrease in pressure stopped. Volatile material was removed
from the reaction mixture by rotary evaporation. The olefin of the desired product was
present and was saturated by reaction with anhydrous HF at room temperature. Vacuum
distillation was done to purify the product. The fraction that boiled at 145-150°C at3 T
(0.4 kPa) was collected. The fraction was 97.5% pure. The product was analyzed by
GC/MS and F-19 NMR. MCMB/LiFePO, coin cells (2325) made and cycled as per Test
Method E with Example 2 as the only electrolyte solvent had high impedance, and the
capacity fade rate could not be calculated.

Example 3. Ethyl 2,2,3,4,4,4-hexafluorobutyl carbonate

[068] Example 3 was prepared by combining 2,2,3,4,4,4-hexafluorobutan-1-ol

(184 g, 1.012 moles, Lancaster Synthesis Ltd., Ward Hill, MA), triethylamine (102 g,
1.008 moles) and methyl-t-butyl ether (350 mL) in a 1-L round bottom flask that was
maintained at a temperature between 5°C and 15°C with a carbon dioxide/water bath. To
the stirred mix, ethylchloroformate (100 g, 0.92 moles) was added from a jacketed
addition funnel that was maintained between 5°C and 15°C. The ethylchloroformate was
added over a period of 4 h. Once addition was complete, the reaction mixture was stirred
for an additional 16 h and was allowed to warm to room temperature. Then 100 mL of
distilled water was added to the reaction mixture. The organic phase was collected. The
water phase was extracted twice with 100 mL portions of methyl-t-butyl ether and all of
the organic phases were combined. The organic phase was washed with a 100 mL portion
of distilled water and a 100 mL portion of IN HCl. The ether was removed by rotary
evaporation. The remaining sample was purified by fractional distillation, using a

concentric tube column. The product was analyzed by GC/MS.
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Example 4. Methyl - 2, 2, 3, 4, 4, 4-hexafluorobutyl carbonate

[069] In a predried, two-necked, 500 mL round bottom flask, flushed with nitrogen,
and equipped with a thermocouple probe, Claisen adapter, magnetic stir bar, water-cooled
condenser and addition funnel, 2,2,3,4,4,4-hexafluorobutan-1-ol (90.00 g, 0.4943 moles,
Lancaster Synthesis Ltd., Ward Hill, MA), triethylamine (62.7 g, 0.6196 moles) and
methyl-t-butyl ether (200 mL) were combined. At an initial temperature of 22°C,
methylchloroformate (64.12 g, 0.6678 moles) was added dropwise, from the addition
funnel, over a 1 h period. During the addition, the temperature rose to 60°C. A white
precipitate formed during the reaction. After the complete addition of the
methylchloroformate, the reaction mixture was stirred for about 18 h at ambient
temperature. The reaction mixture was combined, with stirring, with a premixed solution
0f 200 mL of 1.023 N HCI and 300 mL of deionized water. The resulting mixture
separated into two phases. The organic phase was washed sequentially with 400 mL of
water, 400 mL of 5% Nay;COj3(,q), and two 400 mL portions of water. The organic phase
was treated for 3 days with activated 3A molecular sieves. The product was collected by
fractional distillation, under nitrogen, at atmospheric pressure and a head temperature of
151.2-153.0°C. The product was analyzed by GC/MS and the purity was measured as
98.9 % by GC-FID.

[070] Each of the Examples 1-4 was rated “Yes” for solubility of LiPFs.
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EC No (b) (-) 140C 150C Notes: (a) Cell Cycle Life as 10%
Additive to 1:2 EC.DEC (1M Li PF6), Silicon Alloy/Li FePO4 positive

(b) (+) mweansogidiad70t he Exot henn Onset Tenperature is hi ghgmoseovaosmen EC i s
used, (=) neans that the Exotherm Onset Tenperature is the sane as when EC
I's used sane as EC, (-) neans that the Exotherm Onset Tenperature is |ower
than when EC is used. Exanple 5. Bis (3,3,4,5,5, 5-hexafl uoropentan-2-yl)
carbonate Preparation of 3,3, 4,5, $ableHexB¢sultsr opent an- 2- ol .

ARC Exotherm Onset Temperature
Ccecllle CE?r‘%?d Charged | Charged | Charged
Example | Flammable . * LiCoO, | Graphite | Li,MnO,
Additive | Anode
Cathode | Anode | Cathode
(a) (b)
similar
1 No (b) to 1:2 (+) 230°C 175°C 210°C
EC/DEC
similar
2 No (b) to 1:2 (+) 230°C 210°C 220°C
EC/DEC
Lower
3 No (b) than 1:2 =) 210°C | NoData | 130°C
EC/DEC
Lower
4 No (b) than 1:2 =) 240°C | NoData | 150°C
EC/DEC
0,
Comparative 46 A)
Capacity
Example . o °
(1:2 Yes (a) retention ) 140°C 90°C No Data
EC:DEC) at 100th
cycle
EC No (b) (=) 140°C 150°C

NOt‘e‘s. (a) Cell Cycle Life as 10% Additive to 1:2 EC:DEC (1M LiPF6), Silicon Alloy/LiFePO4
postive (b) (+) means that the Exotherm Onset Temperature is higher than when EC is used, (=)
means that the Exotherm Onset Temperature is the same as when EC is used same as EC, (-)
means that the Exotherm Onset Temperature is lower than when EC is used.

Example 5. Bis (3,3,4,5,5,5-hexafluoropentan-2-yl) carbonate

Preparation of 3,3,4,5,5,5-hexafluoropentan-2-ol.

[071] A quantity of 3,3.,4,5,5,5-hexafluoropentan-2-ol was prepared by combining
absolute ethanol 200 proof (100 g, 2.17 moles, AAPER Alcohol and Chemical Co.) with
t-amyl peroxy-2-ethylhexanoate (5 g, 0.021 moles) (available as Luperox 575 from
Arkema, Oakville, Ontario, Canada) in a 600 mL Parr pressure reactor. The reactor was
heated to 75 °C and hexafluoropropene (120 g, 0.8 moles) (MDA Manufacturing Inc.,
Decatur, AL) was added at a constant rate. The reactor was allowed to stir at this
temperature for 16 h. The crude reaction material was distilled using a ten plate
Oldershaw column to afford 150 g of 3,3.4,5,5,5-hexafluoropentan-2-ol (b.p. = 121°C).
[072] In a 1-L, 3-neck round bottom flask, 3,3,4,5,5,5-hexafluoropentan-2-ol (150 g,

0.76 moles) was combined with pyridine (120 g, 1.51 moles) and 200 mL of methylene
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[71] A quantity of 3,3,4,5,5, 5-hexafl uoropentan-2-ol was prepared by

conbi ni ng absol ute et hanol 200 proof (100 g, 2.17 noles, AAPER Al cohol and
Chem cal wo0.2poswi7pdrot - anmyl per oxy- 2- et hyl hexanoate (5 g, POTAR00m0BHES)

(avail abl e as Luperox 575 from Arkema, Qakville, Ontario, Canada) in a 600
mL Parr pressure reactor. The reactor was heated to 75 C and
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was stir rtﬁ@'c&b‘ii %%a&f‘w&’svr%ﬁf&%@t@'aﬁ the "ré‘arctlé‘ﬁ‘ﬂu%tﬁfétw%talﬁwleﬁft?@%ﬁh'tkf foopf -15C
using an et hylene glycol/COQ2 bath. Triphosgcne (40 g, es) (TCL
Aneri ca, tRoptraticovadR)penad oﬂ%hoSmchttd]a@(eﬁusrmnmbmumdil)lrcbr&be(z&@lhﬂr)ivd?e and

added to Si a.j.acketed addition fun tai ned af -15C.

Rl T ot gt Ol FRileh Bl s ool ket wen i Bl B Baftndter dved and
the reactdx@actdldl ¥ithlode\Woo ndll p&BH o?ﬁleﬂ@[éﬁb'fcﬁloh@@Wh@ﬂfg@ﬁ@tﬁéh?orﬁ\ﬁ%’re a period
of 24 h. Saturated aqueous ammoni um chloride (250 nmL)” was added to the

react i on aeibinadend Preshest wihiad 0p inds poriigs o€ bNIHCH é@p e samlmi@ch@drynase was

extracte th Qn n,. of th chl or gani c
porti ons%\XgFoege P?\% alq&r;d&aahpoét e ﬂ&m‘%ﬁ% Vf’ﬁterpo[?t lgaﬁleoff ? , 100 nmL

of sat ur atedvedsl totarh )édaipwmbnc amla@&aalal@rﬁhcﬁeﬂ wik dpértd ol 0k faeiieni zed
water. A volatile fract noved by rotary evaporation. The remaining

fraction hﬁa@&ﬁtéﬂ)ﬁlp@d: 3%2 ﬁﬁ&fpf‘ Wa%épvléﬁ?w@omherpgocmct wesvaged bfaCHMB6 kPa
was col | h r t Y npl e 6.

4-(1,1, 2, aglg%l ﬁe% fﬁ%fggb3ropy{§ﬂ%ribéj g?%?é%@%ﬁez 3] Exanple 6 was

pr epar ed [b%]corrbEmmgle}S Washropaed By csrebifizd0l, gdlo&aﬁa oml (24) g(FB 5 k)

Chem cal In L vver nedd, PA) W|th enz per oxi de | es)
in a 600 (311_ ‘éf’?l\z Ll‘h"éer(g kwﬁgﬁf’%@y Ber?éléeiga 0.02 mo?es)

hexaf | Uorlﬁﬁr@g%ﬁ?Pﬁrq‘@e&toroT%Q@&tcf@k&%§heew@@tof’%dda'ﬂH‘Pie&ﬂﬁmE&ﬁGﬁéﬁ"e pygr a 2 h
period. The reactor was mai ntained at the set tenperature for an addi ti onal

24 h. Thd.E@ahaes)omstfedino therreactml dvecs éd renidd aiat yerethr byps GaINEBned jt74]

appar ont To 4RGSR Poh I THE) aF B ARE RO GBRat Mg 1 BHEORB scope and
princi pl esaRbed By &C/Mgention, and it should be understood that this

invention is not to be unduly limted to the illustrative enbodi nents set
fort h herl@7Hlabov&ario@ mpdisications gad \abfrratl@nﬁmpfélsls ivgntiewdt bitcagictappForttal a | :

h u ently
hy dr ogen t%?segﬁfeﬁ éII‘P ‘g&]%%cf\t V\%Rﬁoutt '&8&2%9 Hrgml%ﬂ SCO %1(? ggnclj?ﬂ'];és b th wgvgn?%gsl ngl e
coval ent dadndshouldidtamdeBtddpd that this invention is not to be unduly limited to the illustrative

embodiments set forth hereinabove.
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- CRn4Rh5--, each of Rh" and Rhs is independently a hydrogen or an

“al kyl group having 1 to 4 carbon atons, wherein Rf is -CFRfI CHF
R, wherein Rfl is F, or CnF2.+1, and nis an integer from1l to 8,

 ‘and wherein R? is F, a linear or branched CpF21,4-1, wherein p is an
i nt eger %ﬁgp 1 to4, or RFSO(REOmMm , wherein mis 0 or 1, and
wherein C.F2.+1, and nis an integer froml to 8, and REis
CqgF24, wherein g is an integer from1l to 4, provided that when Rfl is
Fand R? is F, then at least one of Rh', Rh2 and Rh3 is C 1-12, (+1,
wherei n dne orABeiventspnROsEeE argerdiag by Boramdail: and wherein Ais a
singl e coval ent bond or CH20. 2.4The conposition of claim1 wherein
Ais CH20 and Y is a covalent bonf, and Rf is -CFRfI CHF RI,
optionally wherein Rf is -CF2CHE . 3. The conmposition of claim1l
wherein A and Y are coval e t1b ds ¥nd Rf is -CFRFICHF RI, optionally
wherein Rf is - CF2CHFCF3. sol A—thnposi tion accor di ng to the
formula R 0-C(=0)-0-R, Wnerg_. i Ris R6, and R is
C(Rh?)(Rh8)CFRACF2CF2) CHFRM7, vvherelh Rh6 is C HZk-F1L with x = 1-4,
IQis F, C F2n4l, .0 and

R and’ Ry oNEER GRS 53%13%3#” R Pag B isinghendendilyatoas Gl
Rh7 and %ﬂﬁh&&gﬁﬁ%%ﬁ{m@ rﬂwmegewa%twﬁa MR8 RGO t hen

Rf | |sfluor|ne and wh 1s.1both RI"and Rf7 arefluorlne 5. The
conposi t iRy €l eaclnmﬂRui’frwdéih isfnderend@entlyrachyiduteget ioc it alkybgronp baving htto
corrp05|t|on acc rdi ng to the formula RRO-C(=0)-0-R, wherein Ris

C. Hox- E1 %¥PSR %mnlnteger from1 to 4, and wherein R is
- C( Rh7) ( Rn8) Chithedia @:?&—@Fﬁ!@l‘f? Rﬁ’%ﬁfeﬂnﬁ' RRT Fj 6 GF> NEa8nfd an ﬁltég‘ér #6m
integer from1l to 4, or Rh7 and Rh8 are bot h al ky

groups havierigand WherginRe Eﬁ)ﬁ @!WOW%ngé@p@n P 9% 1gtegprﬁl§om i to
CnF 7] hat
Ibit o Rfa: 4:’;m dﬁnpﬁ} O?“?s : }beg%ﬂ r1]121§ Osc}rol %ﬁd %heﬁaﬁ ngh 26*1?’ anl‘ﬂfl?ﬂ ag intSedNe

wher ei n frons 1o &ruildm! is G Fa,, Whessii q ¢y albnneagehﬁdnal to M2 Profidpdab, when &rkis
t f 4.
pis ani n egR is P[ Ct)lg?m at lgast one of Ry}, Ry? and Ry is CyHaxs1, Wherein one or both of R{

and R¢' is branched, and wherein A is a single covalent bond or CH,O.

2. The composition of claim 1 wherein A is CH,O and Y is a covalent bond, and Ry is
~CFR{CHF R{, optionally wherein R¢ is ~CF,CHFCFs.

3. The composition of claim 1 wherein A and Y are covalent bonds and Ryis
—CFR;'CHF R{, optionally wherein Ry is —CF,CHFCF.

4. A solvent composition according to the formula R-O-C(=0)-O-R’, wherein at least
Ris RyS, and R? is —C(Ry)(ReS)CFR(CF,CFo),CHFR{, wherein

Ry is CuHaerr with x = 1-4,

Ry is F, CaFans1, or RFO(RFO)m—,nis O or 1, mis O or 1, and

Ry! and Ry’ are alkyl groups having 1 to 4 carbon atoms, and wherein Ry’ and Ry
may together form a ring, provided that when n= 0 then R¢ is fluorine and when n is 1

both Ry and Ry are fluorine,

5. The composition of claim 4 wherein R and R’ are identical.

-21 -



8. The conposition of claim6 wherein nis 0 and Rfl is R?Q(Rf40) m.
¢ 9. The conposition of claim6 wherein nis O and wherein Rl is -
fluorine. 10. The conposition of claim6 wherein nis 0, Rfl is
, fluorine, and Rf7 is CpF20.1 wherein pis 1 to 4. 11. A solvent

conposi tion acgordi to the formyl a. R:O.C(=Q):0- whereiyl R and R

e each SndegbRuNRThesBeeRiting s i -0 CHOFTL,

- C(R7) ( RhSCRRAkdreinRis' CHERT add € isdicineiger frmaaeld, ehd t he groups R and
R, each of Rh7 and Rh8 is, ,i ncgegen entlﬁ, H or .an_al kyl 7grog£) havi ng
1 to 4 carbon whesei R s SRy KRe ICFR ((ToGE D GHER 0§ WiReFPIndISHh & oF ok, BiiS

R is an al. 1o AN R%.73h§ RPO ! i
conposi t i%nﬁ%#e%%}#%tf%’ g\%g{?ga%mg}?ﬂ’%' %gér?g"i %gr%{lhgaa 1’&@13%?%&@% to4
conposi t i@fbo@ﬁt@h@iﬁﬁichlnmget;l&t il‘ohﬁaaingo\l;}g i@Can.g, mﬁdo Bh3, drféi %jﬁ OadrKy |
group. 14. The conposition of claim 11l erein both RL7 an 8 in
both R armowedathétgfﬁﬁtwISgt?r&MhRf‘fstrrﬁéEéla%%i tion of claim 11
wherein Rh7 in Rand R is hydrogen and Rh8 in Rand R is an al kyl

group. 16, The ﬁ%@&ﬁ%&ﬁ%ﬁ ofL1a8R% WHerGh @ igﬁ afd RF i& Hrlgngﬁf or%?%@[‘n%%%‘lg@?

lithiumsalt. Rrdm’on batteéery conprising an e

and a pogirbip whetes isaadategadianriagat i ve el ectrode, wherein said
el ectrolyte conprises a conposition according to claim 16, optionally
wherein each of the fully charged el ectrodes of, said bgttery have an

ARC Exot Her m GFhecompesision &f glaem gvvesciaboaf andBe is K KRt Pesence of

t he neat solvent conposition. 18. The conposition of claim16

further conpri-sing a salt sel ected fr.om.LLPF Li BF4.1.L} l'ithium
bi s oxal & o) bovamtoR ot S e s Wher @ Bispspd ppsle g i adit
Li C(SQ2CF3) 3, and conbi nations thereof. 19. The conposition of claim

16 furthep, conel Sip@sition @F elaks Blwhe?@th n96) Y isRlRalceshd kAWM €y ene
carbonate, propylené carbonate, dinethyl carbonate, diethyl

car bonat evhestinplisrétti$l car bonat e, vi nyl ene carbonate, vinyl et hyl ene
carbonate, fluoroethylene carbonate, or a conbination thereof.

11. A solvent composition according to the formula R—O-C(=0)}-0O-R’ wherein R and
R’ are each independently represented by the group —CRyRY)CFR (CF,CF,),CHER

and wherein in each of the groups R and R’, each of Ry’ and Rf is, independently, H or an
alkyl group having 1 to 4 carbon atoms, n is 0 or 1, at least one of Ry and Re¥ inR or R’ is

an alkyl group, and Ry and Ry’ are both fluorine.
12.  The composition of claim 11 where R and R’ are identical.
13.  The composition of claim 11 where at least one of Ry’ and Ry is an alkyl group.

14.  The composition of claim 11 wherein both Ry’ and Ry? in both R and R’ are alkyl
groups. ‘

15.  The composition of claim 11 wherein Ry in R and R’ is hydrogen and R;? in R and

R’ is an alkyl group.

16.  The composition of any of claims 1-15 further comprising a lithium salt.
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20. An el ectrol yte conposition conprising a solvent and a lithium
- salt wherein the solvent conprises a conpound according to the
formula RO C(=0)-0-R, wherein Ris CpH2pl.1 and p is an integer
'from1 to 4, and wherein R is -C(R17) (Rh8) CFRACF2CF2) nCHFRY?,
wherein i S, hluori: - ' F20-.1.
RECU R A0y . Ehdfth 8 p8er BOdBidng B Oebtbne S aTssive Ueepode and o,
ﬁnd wher aiegatvat diedt?imae,ameramaﬁlraed&olytab&ypﬁ@s aupmpositien addoydingtoosiqim
aving 1 to 4 carbon atons, 3is CF2n+i, mijs r..1, and n i
or 1, and SsoRgpenafym emgéhmﬁy,cbargﬁ%elsetffrfieﬁyg?%éﬁﬁ%gm %38,%
then Rf7 ¢ ' § ot im
20 wher ei%ﬁgﬁ%&a?#%%%ﬁgﬁ ﬁ%ﬁﬁgﬁgﬂtggg n@gyn er’*|)£:<iigs zerft(t)ll.lé)ﬁbzagéowr ng
el ect r ol ywompositipnsi ti on of claim 20 wherein one of Rh7 and Rhs is an
al kyl group, nis 1, and both Rfl and Rf7 are fluorine. 23. The
el ectrol yte caonposition of claim?20 wherein one of Rh7 d Rha_is.an
al kyl grd@p, nthecompogitionqefclam 16 Jurgheg FO@@ﬁsa,salaﬁﬂeﬁf%aﬁé@a% gk,

F, C F2, §i¢10 1t eA 3B AR Worate, LN(SO;CF3)z, LIN(SO2CoFs),, LiAsFs,
LiC(SO,CF;)s, and combinations thereof,

19.  The composition of claim 16 further comprising a cosolvent, optionally selected
from ethylene carbonate, propylene carbonate, dimethyl carbonate, diethyl carbonate,
ethylmethyl carbonate, vinylene carbonate, vinylethylene carbonate, fluoroethylene

carbonate, or a combination thereof.

20.  An electrolyte composition comprising a solvent and a lithjum salt wherein the
solvent comprises a compound according to the formula R~O-C(=0)-0-R’,

wherein R is CpHap+s and p is an integer from 1 to 4, and

wherein R’ is ~C(Ry)(RyS)CFR{ (CF2CF2),CHFRy', wherein Ry' is fluorine or
CoFaper, Ry is F, CpFape1, of RFO(R' O, and Ry’ and Ry are independently H or an
alkyl group and wherein both Ry’ and Ry are not alkyl groups, the alkyl groups having 1
10 4 carbon atoms, R¢ is CpFone;, mis O or 1, and nis 0 or 1, and such that when Ry and

R;? are both hydrogen and n is 0, then R¢’ is not fluorine.

21. The electrolyte composition of claim 20 wherein Ry’ and Ry are both hydrogen and n

is zero.

22.  The electrolyte composition of claim 20 wherein one of Ry and Ry® is an alkyl

group, n is 1, and both R¢ and Ry are fluorine.

23.  The electrolyte composition of claim 20 wherein one of Ry,’ and R,® is an alkyl

group, n is zero, and R{ is For CyFan+1, and Ry and Ry are F, CoFans1, OF Rf3O(Rf4O)m-.
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