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SUBSTITUTED ISOXAZOLES FOR LITHIUM 
BATTERIES 

CROSS - REFERENCE TO RELATED 
APPLICATION ( S ) 

[ 0001 ] This application claims priority to European Patent 
Application No . 15164034 . 9 , filed Apr . 17 , 2015 , the content 
of which is hereby incorporated by reference in its entirety . 

DETAILED DESCRIPTION 
[ 0002 ] The present invention relates to an electrolyte 
composition containing at least one compound of formula ( I ) 

R2 R3 

leading to the formation of a film with different properties 
than that produced by the base formulation . The use of those 
suitable compounds represents also a possibility to reduce 
the amount of irreversibly consumed lithium and thus to 
improve cell ' s capacity . The SEI has a significant influence 
on cycling stability , calendar ageing , and durability ( high 
current resistance ) of an electrochemical or electrooptical 
device . Different SEI forming additives are known , e . g . 
isoxazole . 
[ 0006 ] U . S . Pat . No . 6 , 846 , 594 B2 describes a lithium 
secondary battery comprising a positive electrode including 
a material that is capable of reversible intercalation / deinter 
calation of lithium ions as a positive active material , a 
negative electrode including a material that is capable of 
reversible intercalation / deintercalation of lithium ions as a 
negative active material ; and an electrolyte including a 
lithium salt ; a solvent consisting essentially of at least one 
carbonate - based organic solvent and at least one aromatic 
hydrocarbon solvent ; and isoxazole , wherein the isoxazole 
decomposes earlier than the electrolyte organic solvents 
resulting in an organic SEI film . 
[ 0007 ] U . S . Pat . No . 4 , 489 , 144 discloses a nonaqueous 
cell comprising an organic electrolyte which contains 
5 - methylisoxazole or 3 , 5 - dimethylisoxazole wherein the 
isoxazoles are added to reduce unwanted active species or 
impurities causing initially high open circuit voltage values 
of the cell . 
[ 0008 ] Despite the additives already known for improving 
the performance of electrochemical cells there is still the 
demand for further additives for improving properties and 
performance of electrochemical cells like long cycle life 
time , cycle stability , rate capability and storage stability of 
electrochemical cells , e . g . resulting in good capacity reten 
tion after storage . It is the object of the present invention to 
provide further additives for electrochemical cells which 
improve the properties and the performance of electrochemi 
cal cell and to provide electrolyte compositions and elec 
trochemical cells showing good properties and performance 
like long cycle life time , high cycle stability , good rate 
capability and good capacity retention after high tempera 
ture storage . 
[ 0009 ] This object is achieved by the use of compounds of 
formula ( 1 ) 

wherein R ' , R2 and R3 are defined below , to the use of 
compounds of formula ( I ) as additives in electrochemical 
cells and to electrochemical cells comprising such electro 
lyte composition . 
[ 0003 ] Storing electrical energy is a subject of still grow 
ing interest . Efficient storage of electric energy would allow 
electric energy to be generated when it is advantageous and 
used when needed . Secondary electrochemical cells are well 
suited for this purpose due to their reversible conversion of 
chemical energy into electrical energy and vice versa ( re 
chargeability ) . Secondary lithium batteries are of special 
interest for energy storage since they provide high energy 
density and specific energy due to the small atomic weight 
of the lithium ion , and the high cell voltages that can be 
obtained ( typically 3 - 4 V ) in comparison with other battery 
systems . For that reason , these systems have become widely 
used as a power source for many portable electronics such 
as cellular phones , laptop computers , mini - cameras , etc . 
[ 0004 In secondary lithium batteries like lithium ion 
batteries organic carbonates , ethers , esters and ionic liquids 
are used as sufficiently polar solvents . Most state of the art 
lithium ion batteries in general comprise not a single solvent 
but a solvent mixture of different organic aprotic solvents . 
[ 0005 ] During charge and discharge of lithium ion batter 
ies various reactions take place at different cell potentials . It 
is known that during the first charging process ( also referred 
to as “ formation " ) of a lithium ion battery usually an 
electrically insulating film is formed on the negative elec 
trode surface . This film is often called solid electrolyte 
interface ( SEI ) and it is formed by reductive decomposition 
of components of the electrolyte formulation like solvents , 
e . g . carbonates , esters , and ethers , and conductive salts on 
the surface of the anode , especially if the anode active 
material is a carbonaceous material like graphite . The SEI is 
permeable for lithium ions and prevents further reduction of 
the electrolyte by avoiding direct contact with the anode and 
vice versa . A certain amount of the available lithium from 
the cathode material is irreversibly consumed for the for 
mation of the SEI , and it is not any more available for 
cycling . Structure and properties of the SEI may be signifi 
cantly influenced by addition of suitable chemical com - 
pounds which are easily reduced on the anode surface , 

R ! O 

R2 R3 

wherein R ' , R2 and R3 are selected independently from each 
other from H , C , to C12 alkyl , Cz - C . ( hetero ) cycloalkyl , C2 
to C12 alkenyl , C2 to C12 alkynyl , CN , NR ' R " , CHO , C , to 
C12 ( hetero ) aryl , and Co to C24 ( hetero ) aralkyl , wherein 
alkyl , ( hetero ) cycloalkyl , alkenyl , alkynyl , ( hetero ) aryl , and 
( hetero Jaralkyl may be substituted by one or more substitu 
ents selected from CN , NR ' R " , and CHO ; R ' and R " are 
selected independently from each other from H and C , to C6 
alkyl ; and wherein at least one of R1 , R2 and R * is not H or 
C , to C12 alkyl ; as additives in electrolyte compositions for 
electrochemical cells , in particular as SEI forming additive 
in electrolyte compositions or for the manufacture of elec 
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trochemical cells , and by an electrolyte composition con - 
taining at least one compound of formula ( I ) and by elec 
trochemical cells comprising the electrolyte composition . 
[ 0010 ] Electrochemical cells comprising electrolyte com 
positions containing a compound of general formula ( 1 ) 
show good capacity retention and rate capability after stor 
age at higher temperatures in the charged state . 
[ 0011 ] In the following the invention is described in detail . 
[ 0012 ] One aspect of the invention relates to electrolyte 
compositions containing at least one compound of formula 
( 1 ) 

RI 

R2 R P3 

wherein R ' , R2 and R3 are selected independently from each 
other from H , C , to C , alkyl , C , to C . ( heterocycloalkyl , 
C2 to C12 alkenyl , C2 to C12 alkynyl , CN , NR ' R " , CHO , C5 
to C12 ( hetero ) aryl , and Co to C24 ( hetero ) aralkyl , wherein alkyl , ( heterocycloalkyl , alkenyl , alkynyl , ( hetero ) aryl , and 
( hetero Jaralkyl may be substituted by one or more substitu 
ents selected from CN , NR ' R " , and CHO ; R ' and R " are 
selected independently from each other from H and C , to Co 
alkyl ; and wherein at least one of R ' , R² and R * is not H or 
Ci to C12 alkyl . 
[ 0013 ] The term “ C , to C12 alkyl ” as used herein means a 
straight or branched saturated hydrocarbon group with 1 to 
12 carbon atoms having one free valence and includes , e . g . , 
methyl , ethyl , n - propyl , isopropyl , n - butyl , isobutyl , tert 
butyl , n - pentyl , iso - pentyl , 2 , 2 - dimethylpropyl , n - hexyl , iso 
hexyl , 2 - ethyl hexyl , n - heptyl , iso - heptyl , n - octyl , iso - octyl , 
n - nonyl , n - decyl and the like . Preferred are C7 - C10 alkyl 
groups , more preferred are C - C alkyl groups , even more 
preferred are C1 - C4 alkyl groups , and most preferred are 
methyl , ethyl , and n - and iso - propyl . 
[ 0014 ] The term " Cz to C6 ( hetero ) cycloalkyl ” as used 
herein means a saturated 3 - to 6 - membered hydrocarbon 
cycle having one free valence wherein one or more of the 
C - atoms of the saturated cycle may be replaced indepen 
dently from each other by a heteroatom selected from N , S , 
O and P . Examples of Cz - Co ( heterocycloalkyl are cyclo 
propyl , oxiranyl , cyclopentyl , pyrrolidyl , cyclohexyl , piper 
idyl and morpholinyl . 
[ 0015 ] The term “ C2 to C12 alkenyl ” as used herein refers 
to an unsaturated straight or branched hydrocarbon group 
with 2 to 12 carbon atoms having one free valence . Unsatu 
rated means that the alkenyl group contains at least one 
C - C double bond . C2 - C12 alkenyl includes for example 
ethenyl , 1 - propenyl , 2 - propenyl , 1 - n - butenyl , 2 - n - butenyl , 
iso - butenyl , 1 - pentenyl , 1 - hexenyl , 1 - heptenyl , 1 - octenyl , 
1 - nonenyl , 1 - decenyl and the like . Preferred are C2 - C1 
alkenyl groups , more preferred are C2 - C , alkenyl groups , 
even more preferred are C3 - C4 alkenyl groups and in par 
ticular ethenyl and 1 - propen - 3 - yl ( allyl ) . 
[ 0016 ] The term “ C2 to C12 alkynyl ” as used herein refers 
to an unsaturated straight or branched hydrocarbon group 
with 2 to 12 carbon atoms having one free valence , wherein 
the hydrocarbon group contains at least one C - C triple 
bond . C2 - C12 alkynyl includes for example ethynyl , 1 - pro - 

pynyl , 2 - propynyl , 1 - n - butinyl , 2 - n - butynyl , iso - butinyl , 
1 - pentynyl , 1 - hexynyl , - heptynyl , 1 - octynyl , 1 - nonynyl , 
1 - decynyl and the like and the like . Preferred are C2 - C10 
alkynyl , more preferred are C2 - C , alkynyl , even more pre 
ferred are C2 - C4 alkynyl , in particular preferred are ethynyl 
and 1 - propyn - 3 - yl ( propargyl ) . 
[ 0017 ] The term “ C ; to C2 ( hetero Jaryl ” as used herein 
denotes an aromatic 5 - to 12 - membered hydrocarbon cycle 
or condensed cycles having one free valence wherein one or 
more of the C - atoms of the aromatic cycle ( s ) may be 
replaced independently from each other by a heteroatom 
selected from N , S , O and P . Examples of C3 - C12 ( hetero ) 
aryl are furanyl , pyridinyl , phenyl and naphtyl . Preferred is 
phenyl . 
[ 0018 ] The term “ Co to C24 ( hetero ) aralkyl ” as used herein 
denotes an aromatic 5 - to 12 - membered aromatic hydrocar 
bon cycle or condensed aromatic cycles substituted by one 
or more C , - Co alkyl , wherein the wherein one or more of the 
C - atoms of the aromatic cycle ( s ) may be replaced inde 
pendently from each other by a heteroatom selected from N , 
S , O and P . The Co - C24 ( hetero Jaralkyl group contains in 
total 6 to 24C - atoms and has one free valence . The free 
valence may be located at the ( hetero ) aromatic cycle or at a 
C1 - C6 alkyl group , i . e . C . - C24 ( hetero ) aralkyl group may be 
bound via the aromatic part or via the alkyl part of the 
( hetero Jaralkyl group . Examples of Co - C24 ( hetero Jaralkyl 
are methylphenyl , 2 - methylfuranyl , 3 - ethylpyridinyl 1 , 2 
dimethylphenyl , 1 , 3 - dimethylphenyl , 1 , 4 - dimethylphenyl , 
ethylphenyl , 2 - propylphenyl , and the like . 
[ 0019 ] The phrase " wherein at least one of R ' , R2 and R3 
is not H or C to C12 alkyl ” means that at least one of R ' , R ? 
and R * is different from H and C , to C12 alkyl , i . e . the 
compounds of formula ( I ) are substituted at least once with 
a substituent different from C , to C12 alkyl and selected from 
the list of substituents described above . 
[ 0020 ] Preferably R1 , R² and R3 are selected indepen 
dently from each other from H , C , to Co alkyl , Cz to Co 
( hetero ) cycloalkyl , C2 to C . alkenyl , C2 to C . alkynyl , CN , 
NR ' R " , CHO , C , to C12 ( hetero Jaryl , and Co to C24 ( hetero ) 
aralkyl , wherein alkyl , ( hetero ) cycloalkyl , alkenyl , alkynyl , 
( hetero ) aryl , and ( hetero ) aralkyl may be substituted by one 
or more substituents selected from CN , NR ' R " , and CHO , 
wherein at least one of R ' , R2 and R is not H or C , to Co 
alkyl . More preferred R ' , R2 and R3 are selected indepen 
dently from each other from H , C , to Co alkyl , CN , NR ' R " , 
CHO , and Cato C , ( hetero Jaryl , wherein alkyl , and ( hetero ) 
aryl may be substituted by one or more substituents selected 
from CN , NR ' R " , and CHO , wherein at least one of R ' , R ? 
and R * is not H or C , to Ca alkyl . 
[ 0021 ] R ' and R " are selected independently from each 
other from H and C , to C6 alkyl ; preferably R ' and R " are 
selected independently from each other from H and C , to C4 
alkyl , and more preferred R ' and R " are H . 
[ 0022 ] According to one embodiment at least one of R ' , 
R2 and R * is NR ' R " . In case one of R1 , R2 and R3 is NR ' R " 
it is preferred that R ' and R " are selected independently from 
each other from H and C , to C4 alkyl and more preferred R ' 
and R " are H . 
0023 ] According to another embodiment at least one of 
R1 , R2 and R3 is CN . 
[ 0024 ] According to another embodiment at least one of 
R1 , R2 and R3 is CHO . 
0025 ] According to another embodiment at least one of 
R ' , R2 and R3 is C5 to C12 ( hetero ) aryl or Co to C24 
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( hetero Jaralkyl , which may be substituted by one or more 
substituents selected from CN , NR ' R " , and CHO , wherein it 
is preferred that R ' and R " are H . More preferred at least one 
of R ' , R2 and R3 is Cs to C12 ( hetero ) aryl . 
[ 0026 ] According to another embodiment at least of one of 
R ' , R² and R is not H or C , to C12 alkyl and at least one of 
remaining R ' , R2 and R is not H . This means , the compound 
of formula ( I ) is substituted at least twice , wherein one of the 
substituent is not C , to C12 alkyl . Examples of compounds 
of formula ( I ) wherein one of R1 , R2 and R3 is not H or C 
to C , , alkyl and one of the remaining R1 , R2 and R * is not 
H are 5 - amino - 3 - phenylisoxazole and 3 - amino - 5 - methyl 
isoxazole . Preferably at least one of R1 , R2 and R3 is NR ' R " 
and at least one of the remaining R ! , R2 and Rº is not H . 
[ 0027 ] According to a further embodiment at least of one 
of R1 , R2 and R3 is not H or C , to C , , alkyl and the two 
remaining R ' , R2 and R * are not H . This means , the com 
pound of formula ( I ) is substituted threefold , wherein one of 
the substituent is not Ci to C12 alkyl . An example of a 
compound of formula ( I ) , wherein one of R1 , R² and R ’ is 
not H or C , to C , alkyl and the remaining two of R ' , R2 and 
R3 are not H is 5 - amino - 3 - methyl - 4 - isoxazole carbonitrile . 
[ 0028 ] Examples of compounds of formula ( 1 ) are 
3 - amino - 5 - methylisoxazole , 5 - amino - 3 - phenylisoxazole 
and 5 - amino - 3 - methyl - 4 - isoxazole carbonitrile . 
[ 0029 ] The at least one compound of formula ( I ) is usually 
present in the electrolyte composition in a concentration 
range of 0 . 01 to 5 wt . - % , based on the total weight of the 
electrolyte composition , preferably in the range of 0 . 025 to 
2 . 5 wt . - % , more preferred in the range of 0 . 05 to 1 wt . - % , 
based on the total weight of the electrolyte composition . 
[ 0030 ] According to one aspect of the invention the com 
pounds of the formula ( 1 ) , as described above or as described 
as being preferred , are used as additives in electrolyte 
compositions for electrochemical cells , in particular pre 
ferred the compounds of formula ( I ) are used as SEI forming 
additives in electrolyte compositions for electrochemical 
cells . 
[ 0031 ] SEI forming additives are known to the person 
skilled in the art . An SEI forming additive according to the 
present invention is a compound which decomposes on an 
electrode to form a passivation layer on the electrode which 
prevents degradation of the electrolyte and / or the electrode . 
In this way , the lifetime of a battery is significantly extended . 
Preferably the SEI forming additive forms a passivation 
layer on the anode . An anode in the context of the present 
invention is understood as the negative electrode of a 
battery . Preferably , the anode has a reduction potential of 1 
Volt or less vs . Lit / Li redox couple , such as a graphite 
anode . In order to determine if a compound qualifies as 
anode film forming additive , an electrochemical cell can be 
prepared comprising a graphite electrode and a lithium - ion 
containing cathode , for example lithium cobalt oxide , and an 
electrolyte containing a small amount of said compound , 
typically from 0 . 01 to 10 wt . - % of the electrolyte compo 
sition , preferably from 0 . 05 to 5 wt . - % of the electrolyte 
composition . 
[ 0032 ] Upon application of a small current between anode 
and cathode , the anode potential can be swept from open 
circuit potential ( OCP ) to the proximity of Li / Lit redox 
potential ( e . g . , 0 . 005V i ) . Reduction processes of the elec 
trolyte solution components will be visible as peaks in the 
cell ' s differential capacity plot ( derivative of capacity by 
potential , vs . potential ) . The onset potential , peak intensity 

and area of those peaks can be taken into consideration to 
determine whether an additive can be regarded as SEI 
forming additive . When comparing the differential capacity 
plots of a base electrolyte formulation and of the base 
formulation + additive , an ideal SEI forming additive will 
have reduction peak ( typically at higher voltages ) of similar 
intensity and area of those appearing for the base electrolyte 
formulation in the first cycle ; furthermore , the peak ( s ) 
intensity ( ies ) of the base electrolyte formulation shall be 
highly reduced or substantially modified in nature . If those 
requirements are fulfilled , the compound can be regarded as 
SEI forming additive . Some less efficient SEI forming 
additives may have much higher peak intensity and peak 
area , however the reduction / modification of the standard 
solution ' s peak intensity should be always be present . 
[ 0033 ] Accordingly , when a compound of the formula ( I ) 
is used as additive in an electrolyte composition , the con 
centration of the compound of formula ( I ) in the electrolyte 
composition is typically 0 . 01 to 5 wt . - % , preferred 0 . 025 to 
2 . 5 wt . - % and most preferred 0 . 05 to 1 wt . - % , based on the 
total weight of the electrolyte composition . Usually the 
compound ( s ) of formula ( I ) are added to the electrolyte 
composition in the desired amount during or after manufac 
ture of the electrolyte composition . 
[ 0034 ] Viewed chemically , an electrolyte composition is 
any composition which comprises free ions and as a result 
is electrically conductive . The most typical electrolyte com 
position is an ionic solution , although molten electrolyte 
compositions and solid electrolyte compositions are like 
wise possible . An electrolyte composition of the invention is 
therefore an electrically conductive medium , primarily due 
to the presence of at least one substance which is present in 
a dissolved and / or molten state , i . e . , an electrical conduc 
tivity supported by movement of ionic species . 
[ 0035 ] The inventive electrolyte composition is preferably 
liquid at working conditions ; more preferred it is liquid at 1 
bar and 25° C . , even more preferred the electrolyte compo 
sition is liquid at 1 bar and - 15° C . , in particular the 
electrolyte composition is liquid at 1 bar and - 30° C . , even 
more preferred the electrolyte composition is liquid at 1 bar 
and – 50° C . 
[ 0036 ] The electrolyte composition preferably contains at 
least one aprotic organic solvent , more preferred at least two 
aprotic organic solvents . According to one embodiment the 
electrolyte composition may contain up to ten aprotic 
organic solvents . 
[ 0037 ] The at least one aprotic organic solvent is prefer 
ably selected from cyclic and acyclic organic carbonates , 
di - C , - C10 - alkylethers , di - C , - C4 - alkyl - C2 - C6 - alkylene 
ethers and polyethers , cyclic ethers , cyclic and acyclic 
acetales and ketales , orthocarboxylic acids esters , cyclic and 
acyclic esters of carboxylic acids , cyclic and acyclic sul 
fones , and cyclic and acyclic nitriles and dinitriles . 
[ 0038 ] More preferred the at least one aprotic organic 
solvent is selected from cyclic and acyclic carbonates , 
di - C - C10 - alkylethers , di - C , - C2 - alkyl - C , - CG - alkylene 
ethers and polyethers , cyclic and acyclic acetales and ket 
ales , and cyclic and acyclic esters of carboxylic acids , even 
more preferred the electrolyte composition contains at least 
one aprotic organic solvent selected from cyclic and acyclic 
carbonates , and most preferred the electrolyte composition 
contains at least two aprotic organic solvents selected from 
cyclic and acyclic carbonates , in particular preferred the 
electrolyte composition contains at least one aprotic solvent 
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selected from cyclic carbonates and at least one aprotic 
organic solvent selected from acyclic carbonates . 
[ 0039 ] The aprotic organic solvents may be partly halo 
genated , e . g . they may be partly fluorinated , partly chlori 
nated or partly brominated , and preferably they may be 
partly fluorinated . “ Partly halogenated ” means , that one or 
more H of the respective molecule is substituted by a 
halogen atom , e . g . by F , C1 or Br . Preference is given to the 
substitution by F . The at least one solvent may be selected 
from partly halogenated and non - halogenated aprotic 
organic solvents i . e . the electrolyte composition may contain 
a mixture of partly halogenated and non - halogenated aprotic 
organic solvents . 
[ 0040 ] Examples of cyclic carbonates are ethylene car 
bonate ( EC ) , propylene carbonate ( PC ) and butylene car 
bonate ( BC ) , wherein one or more H of the alkylene chain 
may be substituted by F and / or an C , to C4 alkyl group , e . g . 
4 - methyl ethylene carbonate , monofluoroethylene carbonate 
( FEC ) , and cis - and trans - difluoroethylene carbonate . Pre 
ferred cyclic carbonates are ethylene carbonate , monofluo 
roethylene carbonate and propylene carbonate , in particular 
ethylene carbonate . 
[ 0041 ] Examples of acyclic carbonates are di - C , - C10 
alkylcarbonates , wherein each alkyl group is selected inde 
pendently from each other , preferred are di - C / - C4 - alkylcar 
bonates . Examples are e . g . diethyl carbonate ( DEC ) , ethyl 
methyl carbonate ( EMC ) , dimethyl carbonate ( DMC ) , and 
methylpropyl carbonate . Preferred acyclic carbonates are 
diethyl carbonate ( DEC ) , ethyl methyl carbonate ( EMC ) , 
dimethyl carbonate ( DMC ) . 
[ 0042 ] In one embodiment of the invention the electrolyte 
composition contains mixtures of acyclic oganic carbonates 
and cyclic organic carbonates at a ratio by weight of from 
1 : 10 to 10 : 1 , preferred of from 3 : 1 to 1 : 1 . 
[ 0043 ] According to the invention each alkyl group of the 
di - C7 - C10 - alkylethers is selected independently from the 
other . Examples of di - C / - C10 - alkylethers are dimethylether , 
ethylmethylether , diethylether , methylpropylether , diisopro 
pylether , and di - n - butylether , 
[ 0044 ] Examples of di - C1 - C4 - alkyl - C2 - Cd - alkylene ethers 
are 1 , 2 - dimethoxyethane , 1 , 2 - diethoxyethane , diglyme ( di 
ethylene glycol dimethyl ether ) , triglyme ( triethyleneglycol 
dimethyl ether ) , tetraglyme ( tetraethyleneglycol dimethyl 
ether ) , and diethylenglycoldiethylether . 
[ 0045 ] Examples of suitable polyethers are polyalkylene 
glycols , preferably poly - C1 - C4 - alkylene glycols and espe 
cially polyethylene glycols . Polyethylene glycols may com 
prise up to 20 mol % of one or more C , - C4 - alkylene glycols 
in copolymerized form . Polyalkylene glycols are preferably 
dimethyl - or diethyl - end - capped polyalkylene glycols . The 
molecular weight Mw of suitable polyalkylene glycols and 
especially of suitable polyethylene glycols may be at least 
400 g / mol . The molecular weight M . , of suitable polyalky 
lene glycols and especially of suitable polyethylene glycols 
may be up to 5 000 000 g / mol , preferably up to 2 000 000 
g / mol . 
[ 0046 ] Examples of cyclic ethers are 1 , 4 - dioxane , tetra 
hydrofuran , and their derivatives like 2 - methyl tetrahydro 
furan . 
[ 0047 ] Examples of acyclic acetals are 1 , 1 - dime 
thoxymethane and 1 , 1 - diethoxymethane . Examples of cyclic 
acetals are 1 , 3 - dioxane , 1 , 3 - dioxolane , and their derivatives 
such as methyl dioxolane . 

[ 0048 ] Examples of acyclic orthocarboxylic acid esters are 
tri - C , - C4 alkoxy methane , in particular trimethoxymethane 
and triethoxymethane . Examples of suitable cyclic orthocar 
boxylic acid esters are 1 , 4 - dimethyl - 3 , 5 , 8 - trioxabicyclo [ 2 . 
2 . 2 ] octane and 4 - ethyl - 1 - methyl - 3 , 5 , 8 - trioxabicyclo [ 2 . 2 . 2 ] 
octane . 
[ 0049 ] Examples of acyclic esters of carboxylic acids are 
ethyl and methyl formiate , ethyl and methyl acetate , ethyl 
and methyl propionate , and ethyl and methyl butanoate , and 
esters of dicarboxylic acids like 1 , 3 - dimethyl propanedioate . 
An example of a cyclic ester of carboxylic acids ( lactones ) 
is y - butyrolactone . 
[ 0050 ] Examples of cyclic and acyclic sulfones are ethyl 
methyl sulfone , dimethyl sulfone , and tetrahydrothiophene 
S , S - dioxide ( sulfolane ) . 
[ 0051 ] Examples of cyclic and acyclic nitriles and dini 
triles are adipodinitrile , acetonitrile , propionitrile , and buty 
ronitrile . 
[ 0052 ] The inventive electrolyte composition usually con 
tains at least one conducting salt . The electrolyte composi 
tion functions as a medium that transfers ions participating 
in the electrochemical reaction taking place in an electro 
chemical cell . The conducting salt ( s ) present in the electro 
lyte are usually solvated in the aprotic organic solvent ( s ) . 
Preferably the conducting salt is a lithium salt . The con 
ducting salt is preferably selected from the group consisting 
of 

[ 0053 ] Li [ F6 - P ( CF2v + 1 ) x ] , wherein x is an integer in 
the range from 0 to 6 and y is an integer in the range 
from 1 to 20 ; 
[ 0054 ] Li [ B ( R ) ] , Li [ B ( R ) , ( OR " O ) ] and Li [ B 

( OR " O ) 2 ] wherein each R is independently from 
each other selected from F , C1 , Br , I , C , - C4 alkyl , 
C2 - C4 alkenyl , alkynyl , OC , - C4 alkyl , OC2 - C4 alk 
enyl , and OC2 - C4 alkynyl wherein alkyl , alkenyl , 
and alkynyl may be substituted by one or more ORI , 
wherein R™ is selected from C . - C . alkyl , C2 - C6 
alkenyl , and C2 - C6 alkynyl , and 

[ 0055 ] ( OR " O ) is a bivalent group derived from a 
1 , 2 - or 1 , 3 - diol , a 1 , 2 - or 1 , 3 - dicarboxlic acid or a 
1 , 2 - or 1 , 3 - hydroxycarboxylic acid , wherein the 
bivalent group forms a 5 - or 6 - membered cycle via 
the both oxygen atoms with the central B - atom ; 

[ 0056 ] LiC104 ; LiAsFo ; LiCF2SO3 ; Li SiF6 ; LiSbF6 ; 
LiA1C14 , Li ( N ( SO2F ) 2 ) , lithium tetrafluoro ( oxalato ) 
phosphate ; lithium oxalate ; and 

[ 0057 ] salts of the general formula Li [ Z ( CF2n + ISO2 ) 
m ] , where m and n are defined as follows : 
[ 0058 ] m = 1 when Z is selected from oxygen and 

sulfur , 
[ 0059 ] m = 2 when Z is selected from nitrogen and 
phosphorus , 

[ 0060 ] m = 3 when Z is selected from carbon and 
silicon , and 

[ 0061 ] n is an integer in the range from 1 to 20 . 
[ 0062 ] Suited 1 , 2 - and 1 , 3 - dials from which the bivalent 
group ( OR " O ) is derived may be aliphatic or aromatic and 
may be selected , e . g . , from 1 , 2 - dihydroxybenzene , propane 
1 , 2 - diol , butane - 1 , 2 - diol , propane - 1 , 3 - diol , butan - 1 , 3 - diol , 
cyclohexyl - trans - 1 , 2 - diol and naphthalene - 2 , 3 - diol which 
are optionally are substituted by one or more F and / or by at 
least one straight or branched non fluorinated , partly fluo 
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[ 0074 ] Examples of SEI forming additives are vinylene 
carbonate and its derivatives such as vinylene carbonate and 
methylvinylene carbonate ; fluorinated ethylene carbonate 
and its derivatives such as monofluoroethylene carbonate , 
cis - and trans - difluorocarbonate ; propane sultone and its 
derivatives ; ethylene sulfite and its derivatives ; oxalate 
comprising compounds such as lithium oxalate , oxalato 
borates including dimethyl oxalate , lithium bis ( oxalate ) 
borate , lithium difluoro ( oxalato ) borate , and ammonium 
bis ( oxalato ) borate , and oxalato phosphates including 
lithium tetrafluoro ( oxalate ) phosphate ; and ionic com 
pounds containing a cation of formula ( II ) 

( II ) 
D5 + 

rinated or fully fluorinated CZ - C4 alkyl group . An example 
for such 1 , 2 - or 1 , 3 - diode is 1 , 1 , 2 , 2 - tetra ( trifluoromethyl ) 
1 , 2 - ethane diol . 
[ 0063 ] “ Fully fluorinated C . - C4 alkyl group ” means , that 
all H - atoms of the alkyl group are substituted by F . 
[ 0064 ] Suited 1 , 2 - or 1 , 3 - dicarboxlic acids from which the 
bivalent group ( OR " O ) is derived may be aliphatic or 
aromatic , for example oxalic acid , malonic acid ( propane 
1 , 3 - dicarboxylic acid ) , phthalic acid or isophthalic acid , 
preferred is oxalic acid . The 1 , 2 - or 1 , 3 - dicarboxlic acid are 
optionally substituted by one or more F and / or by at least 
one straight or branched non fluorinated , partly fluorinated 
or fully fluorinated C1 - C4 alkyl group . 
[ 0065 ) Suited 1 , 2 - or 1 , 3 - hydroxycarboxylic acids from 
which the bivalent group ( OR " O ) is derived may be ali 
phatic or aromatic , for example salicylic acid , tetrahydro 
salicylic acid , malic acid , and 2 - hydroxy acetic acid , which 
are optionally substituted by one or more F and / or by at least 
one straight or branched non fluorinated , partly fluorinated 
or fully fluorinated C , - C4 alkyl group . An example for such 
1 , 2 - or 1 , 3 - hydroxycarboxylic acids is 2 , 2 - bis ( trifluorom 
ethyl ) - 2 - hydroxy - acetic acid . 
[ 0066 ] Examples of Li [ B ( RJ ) 4 ] , Li [ B ( R ' ) 2 ( OR " O ) ] and 
Li [ B ( OR “ O ) 2 ] are LiBF4 , lithium difluoro oxalato borate 
and lithium dioxalato borate . 
[ 0067 ] Preferably the at least one conducting salt is 
selected from LiPF , LiBF4 , and LiPF3 ( CF2CF3 ) 3 , more 
preferred the conducting salt is selected from LiPF , and 
LiBF4 , and the most preferred conducting salt is LiPF6 . 
10068 ] The at least one conducting salt is usually present 
at a minimum concentration of at least 0 . 1 m / 1 , preferably 
the concentration of the at least one conducting salt is 0 . 5 to 
2 mol / l based on the entire electrolyte composition . 
[ 0069 ] The electrolyte composition according to the pres 
ent invention may contain at least one further additive 
different from the compounds of formula ( I ) . The further 
additive may be selected from polymers , SEI forming addi 
tives , flame retardants , overcharge protection additives , wet 
ting agents , HF and / or H2O scavenger , stabilizer for LiPF . 
salt , ionic salvation enhancer , corrosion inhibitors , gelling 
agents , and the like . 
[ 0070 ] Examples for polymers used in electrolyte compo 
sitions are polyvinylidene fluoride , polyvinylidene 
hexafluoropropylene copolymers , polyvinylidene - hexafluo 
ropropylene - chlorotrifluoroethylene copolymers , Nafion , 
polyethylene oxide , polymethyl methacrylate , polyacryloni 
trile , polypropylene , polystyrene , polybutadiene , polyethyl 
ene glycol , polyvinylpyrrolidone , polyaniline , polypyrrole 
and / or polythiophene . These polymers may be added to 
electrolyte compositions containing a solvent or solvent 
mixture in order to convert liquid electrolytes into quasi 
solid or solid electrolytes and thus to improve solvent 
retention , especially during ageing . 
10071 ] Examples of flame retardants are organic phospho 
rous compounds like cyclophosphazenes , phosphoramides , 
alkyl and / or aryl tri - substituted phosphates , alkyl and / or aryl 
di - or tri - substituted phosphites , alkyl and / or aryl di - substi 
tuted phosphonates , alkyl and / or aryl tri - substituted phos 
phines , and fluorinated derivatives thereof . 
[ 0072 ] Examples of HF and / or H2O scavenger are option 
ally halogenated cyclic and acyclic silylamines . 
[ 0073 ] Examples of overcharge protection additives are 
cyclohexylbenzene , o - terphenyl , p - terphenyl , and biphenyl 
and the like , preferred are cyclohexylbenzene and biphenyl . 

wherein X is CH , or NR , R4 is selected from C , to Co alkyl , 
RS is selected from ( CH2 ) , S03 ( CH2 ) , R ' , 
SO3 — is 0 - S ( O ) 2 - or - S ( O ) 2 - 0 , preferably 
SO3 — is 0 S ( 0 ) 2 — , u is an integer from 1 to 8 , 

preferably u is 2 , 3 or 4 , wherein one or more CH2 groups 
of the — ( CH , ) , — alkylene chain which are not directly 
bound to the N - atom and / or the SO3 group may be replaced 
by O and wherein two adjacent CH2 groups of the — ( CH2 ) 

- alkylene chain may be replaced by a C - C double bond , 
preferably the ( CH2 ) - alkylene chain is not substituted 
and u u is an integer from 1 to 8 , preferably u is 2 , 3 or 4 , 
v is an integer from 1 to 4 , preferably v is 0 , Rº is selected 
from C , to Coalkyl , R is selected from C - C20 alkyl , C2 - C20 
alkenyl , C2 - C20 alkynyl , Co - C12 aryl , and Co - C24 aralkyl , 
which may contain one or more F , and wherein one or more 
CH2 groups of alkyl , alkynyl and aralkyl which are not 
directly bound to the SO2 group may be replaced by O , 
preferably R is selected from C - C . alkyl , C2 - C4 alkenyl , 
and C2 - C4 alkynyl , which may contain one or more F , and 
wherein one or more CH2 groups of alkyl , alkenyl , alkynyl 
and aralkyl which are not directly bound to the SO3 group 
may be replaced by O , preferred examples of Rp include 
methyl , ethyl , trifluoromethyl , pentafluoroethyl , n - propyl , 
n - butyl , n - hexyl , ethenyl , ethynyl , allyl or prop - 1 - yn - yl , and 
an anion selected from bisoxalato borate , difluoro ( oxalato ) 
borate , [ F _ BCmF2m + 1 ) 4 _ 215 , [ F , P ( CmF2m + 1 ) 6 - y ] , ( CmF2m + 1 ) 
P ( O ) O ] " ; [ CmF2m + 1P ( 0 ) 02 ) 2 - , [ O COCmF2m + 1 ] , 

[ O S ( O ) 2 - CmF2m + 1 ] , [ N ( C ( O ) CmF2m + 1 ) 2 ] , [ N ( S ( O ) 
2 CmF2m + 1 ) 2 ] , [ N ( C ( O ) CmF2m + 1 ) ( S ( O ) 2CmF2m + 1 ) ] " ; 
[ N ( CO ) C F2m + 1C ( O ) F ) ] " , [ N ( S ( O ) 2C % F2m + 1 ) ( S ( O ) 
2F ) ] , [ N ( S ( O ) 2F ) 2 ] , [ C ( C ( O ) - CmF2m + 1 ) 3 ] " , [ C ( S ( O ) 2 
CmF2m + 1 ) 3 ] , wherein m is an integer from 1 to 8 , z is an 
integer from 1 to 4 , and y is an integer from 1 to 6 . 
[ 0075 ] Preferred anions are bisoxalato borate , difluoro 
( oxalato ) borate , [ F2B ( CF3 ) ] , [ F2B ( C2F5 ) ) " , [ PF . ] " , [ F3P 
( C2F5 ) 3 ] " , [ F3P ( C3F - ) 3 ] , [ F3P ( C4F9 ) 31 , [ F _ P ( C2F3 ) 2 ] , 
[ F _ P ( C2F - ) 2 ] , [ F4P ( C4F , ) 2 ] , [ F P ( C2F3 ) ] , [ F = P ( C2F ; ) ] 
or [ F3P ( C . F . ) ] , [ ( C2F5 ) 2P ( O ) O ] , [ ( C2F - ) 2P ( O ) O ] " or 
[ ( C2F . ) , P ( O ) O ] , [ C2F3P ( 0 ) 02 ) 2 - , [ CZF _ P ( 0 ) 02 ) 2 - , 
[ C F . PO ) 0212 - , [ 0C ( OCF31 , [ 0C ( O ) CF51 " , [ 00 
( O ) C F . ] , [ O S ( 0 ) CF3 ] , [ O - S ( O ) CF5 ] , [ N ( C ( O ) 
C2F5 ) 2 ] , [ N ( C ( O ) ( CF3 ) 2 ] , [ N ( S ( O ) 2CF3 ) 2 ] , [ N ( S ( O ) 
2C2F5 ) 2 ] , [ N ( S ( O ) 2C2F - ) 21 , [ N ( S ( O ) 2CF3 ) ( S ( O ) 2C2F3 ) ] , 
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[ N ( S ( O ) 2C F . ) 2 ] , [ N ( C ( O ) CF3 ) ( S ( O ) 2CF3 ) ] , [ N ( C ( O ) 
C2F3 ) ( S ( O ) 2CF3 ) ] or [ N ( C ( O ) CF3 ) ( S ( O ) 2 - C4F9 ) ] , [ N ( C 
( O ) CF3 ) ( C ( O ) F ) ] , [ N ( C ( O ) C2F3 ) ( C ( O ) F ) ] , [ N ( C ( O ) C3F ; ) 
( C ( O ) F ) ] , [ N ( S ( O ) 2CF3 ) ( S ( O ) 2F ) ] , [ N ( S ( O ) 2C2F3 ) ( S ( O ) 
2F ) ] , [ N ( S ( O ) 2C2F2 ) ( S ( O ) 2F ) ] , [ C ( C ( O ) CF3 ) 3 ] " , [ C ( C ( O ) 
C2Fs ) 3 ] or [ CC ( O ) C2F _ ) 3 ] , [ C ( $ ( 0 ) CF3 ) ; ] " , [ CS ( O ) 
2C2F5 ) 31 , and [ C ( S ( O ) 2C4F9317 
[ 0076 ] More preferred the anion is selected from bisox 
alato borate , difluoro ( oxalato ) borate , CF2803 , and [ PFz 
( C2F5 ) 31 
[ 0077 ] Preferred SEI - forming additives are oxalato 
borates , fluorinated ethylene carbonate and its derivatives , 
vinylene carbonate and its derivatives , and compounds of 
formula ( II ) . More preferred are lithium bis ( oxalato ) borate 
( LiBOB ) , vinylene carbonate , monofluoro ethylene carbon 
ate , and compounds of formula ( II ) , in particular monofluoro 
ethylene carbonate , and compounds of formula ( II ) . 
[ 0078 ] compound added as additive may have more than 
one effect in the electrolyte composition and the device 
comprising the electrolyte composition . E . g . lithium oxalato 
borate may be added as additive enhancing the SEI forma 
tion but it may also be added as conducting salt . 
( 0079 ] According to one embodiment of the present inven 
tion the electrolyte composition contains at least one com 
pound of formula ( I ) , and at least one SEI forming additive , 
all as described above or as described as being preferred . 
[ 0080 ] In one embodiment of the present invention , the 
electrolyte composition contains : 
[ 0081 ] ( i ) at least one compound of formula ( I ) , 
[ 0082 ] ( ii ) at least one organic aprotic solvent , 
[ 0083 ] ( iii ) at least one conducting salt , and 
10084 ] ( iv ) optionally at least one further additive . 
[ 0085 ] The further additive is different from the com 
pounds of formula ( I ) . 
[ 0086 ] The electrolyte composition preferably contains 
[ 00871 ( i ) in total 0 . 01 to 5 wt . - % of compound ( s ) of 
formula ( I ) , preferably 0 . 025 to 2 . 5 wt . - % , even more 
preferably 0 . 05 to 1 wt . - % . 
[ 0088 ] ( ii ) in total 60 to 99 . 89 wt . - % of organic aprotic 
solvent ( s ) , 
[ 0089 ] ( iii ) in total 0 . 1 to 25 wt . - % of conducting salt ( s ) , 
preferably 10 to 20 wt . - % , and 
10090 ] ( iv ) zero to in total 30 wt . - % of further additive ( s ) , 
preferably 1 to 10 wt . - % , based on the total weight of the 
electrolyte composition . 
[ 0091 ] The water content of the inventive electrolyte com 
position is preferably below 100 ppm , based on the weight 
of the electrolyte composition , more preferred below 50 
ppm , most preferred below 30 ppm . The water content may 
be determined by titration according to ISO760 : 1978 , as a 
non - limiting example . 
[ 0092 ] The content of HF of the inventive electrolyte 
composition is preferably below 60 ppm , based on the 
weight of the electrolyte composition , more preferred below 
40 ppm , most preferred below 20 ppm . The HF content may 
be determined by titration according to potentiometric or 
potentiographic titration method . 
[ 0093 ] The electrolyte compositions of the invention are 
prepared by methods which are known to the person skilled 
in the field of the production of electrolytes , generally by 
dissolving the conductive salt in the corresponding solvent 
mixture and adding the compounds of the formula ( 1 ) 
according to the invention and optionally additional addi 
tives , as described above . 

[ 0094 ] The electrolyte compositions are used in electro 
chemical cells like lithium batteries , double layer capacitors , 
and lithium ion capacitors , preferably the inventive electro 
lyte compositions are used in lithium batteries and more 
preferred in lithium ion batteries . 
[ 0095 ] The invention further provides an electrochemical 
cell comprising the electrolyte composition as described 
above or as described as being preferred . The electrochemi 
cal cell may be a lithium battery , a double layer capacitor , or 
a lithium ion capacitor . 
[ 0096 ] The general construction of such electrochemical 
devices is known and is familiar to the person skilled in this 
art . 
[ 0097 ] Preferably the electrochemical cell is a lithium 
battery . The term “ lithium battery ” as used herein means an 
electrochemical cell , wherein the anode comprises lithium 
metal or lithium ions sometime during the charge / discharge 
of the cell . The anode may comprise lithium metal or a 
lithium metal alloy , a material occluding and releasing 
lithium ions , or other lithium containing compounds ; e . g . the 
lithium battery may be a lithium ion battery , a lithium / 
sulphur battery , or a lithium / selenium sulphur battery . 
[ 0098 ] In particular preferred the electrochemical device 
is a lithium ion battery , i . e . a secondary lithium ion electro 
chemical cell comprising a cathode comprising a cathode 
active material that can reversibly occlude and release 
lithium ions and an anode comprising an anode active 
material that can reversibly occlude and release lithium ions . 
The terms " secondary lithium ion electrochemical cell ” and 
“ ( secondary ) lithium ion battery ” are used interchangeably 
within the present invention . 
[ 0099 ] The at least one cathode active material preferably 
comprises a material capable of occluding and releasing 
lithium ions selected from lithiated transition metal phos 
phates and lithium ion intercalating metal oxides . 
101001 Examples of lithiated transition metal phosphates 
are LiFePO4 and LiCoPO4 , examples of lithium ion inter 
calating metal oxides are LiC002 , LiNiO , , mixed transition 
metal oxides with layer structure having the general formula 
Li ( 1 + z ) Ni , Co , Mn ) ( 1 - 2 , 02te wherein z is 0 to 0 . 3 ; a , b and c 
may be same or different and are independently 0 to 0 . 8 
wherein a + b + c = 1 ; and - 0 . 1 ses0 . 1 , and manganese - contain 
ing spinels like LiMnO4 and spinels of general formula 
Li + M2 - 04 - d wherein d is 0 to 0 . 4 , tis 0 to 0 . 4 and Mis Mn 
and at least one further metal selected from the group 
consisting of Co and Ni , and Li , Ni , Co , All , 0211 . 
Typical values for g , h , 1 , j and k are : g = 0 , h = 0 . 8 to 0 . 85 , 
i = 0 . 15 to 0 . 20 , j = 0 . 02 to 0 . 03 and k = 0 . 
[ 0101 ] The cathode may further comprise electrically con 
ductive materials like electrically conductive carbon and 
usual components like binders . Compounds suited as elec 
trically conductive materials and binders are known to the 
person skilled in the art . For example , the cathode may 
comprise carbon in a conductive polymorph , for example 
selected from graphite , carbon black , carbon nanotubes , 
graphene or mixtures of at least two of the aforementioned 
substances . In addition , the cathode may comprise one or 
more binders , for example one or more organic polymers 
like polyethylene , polyacrylonitrile , polybutadiene , polypro 
pylene , polystyrene , polyacrylates , polyvinyl alcohol , poly 
isoprene and copolymers of at least two comonomers 
selected from ethylene , propylene , styrene , ( meth ) acryloni 
trile and 1 , 3 - butadiene , especially styrene - butadiene copo 
lymers , and halogenated ( co ) polymers like polyvinlyidene 
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chloride , polyvinly chloride , polyvinyl fluoride , polyvi 
nylidene fluoride ( PVdF ) , polytetrafluoroethylene , copoly 
mers of tetrafluoroethylene and hexafluoropropylene , copo 
lymers of tetrafluoroethylene and vinylidene fluoride and 
polyacrylnitrile . 
[ 0102 ] The anode comprised within the lithium batteries 
of the present invention comprises an anode active material 
that can reversibly occlude and release lithium ions or is 
capable to form an alloy with lithium . In particular carbo 
naceous material that can reversibly occlude and release 
lithium ions can be used as anode active material . Carbo 
naceous materials suited are crystalline carbon such as a 
graphite material , more particularly , natural graphite , 
graphitized cokes , graphitized MCMB , and graphitized 
MPCF ; amorphous carbon such as coke , mesocarbon micro 
beads ( MCMB ) fired below 1500° C . , and mesophase pitch 
based carbon fiber ( MPCF ) ; hard carbon and carbonic anode 
active material ( thermally decomposed carbon , coke , graph 
ite ) such as a carbon composite , combusted organic polymer , 
and carbon fiber . 
[ 0103 ] Further anode active materials are lithium metal , or 
materials containing an element capable of forming an alloy 
with lithium . Non - limiting examples of materials containing 
an element capable of forming an alloy with lithium include 
a metal , a semimetal , or an alloy thereof . It should be 
understood that the term “ alloy ” as used herein refers to both 
alloys of two or more metals as well as alloys of one or more 
metals together with one or more semimetals . If an alloy has 
metallic properties as a whole , the alloy may contain a 
nonmetal element . In the texture of the alloy , a solid solu 
tion , a eutectic ( eutectic mixture ) , an intermetallic com 
pound or two or more thereof coexist . Examples of such 
metal or semimetal elements include , without being limited 
to , titanium ( Ti ) , tin ( Sn ) , lead ( Pb ) , aluminum , indium ( In ) , 
zinc ( Zn ) , antimony ( Sb ) , bismuth ( Bi ) , gallium ( Ga ) , ger 
manium ( Ge ) , arsenic ( As ) , silver ( Ag ) , hafnium ( Hf ) , 
zirconium ( Zr ) yttrium ( Y ) , and silicon ( Si ) . Metal and 
semimetal elements of Group 4 or 14 in the long - form 
periodic table of the elements are preferable , and especially 
preferable are titanium , silicon and tin , in particular silicon . 
Examples of tin alloys include ones having , as a second 
constituent element other than tin , one or more elements 
selected from the group consisting of silicon , magnesium 
( Mg ) , nickel , copper , iron , cobalt , manganese , zinc , indium , 
silver , titanium ( Ti ) , germanium , bismuth , antimony and 
chromium ( Cr ) . Examples of silicon alloys include ones 
having , as a second constituent element other than silicon , 
one or more elements selected from the group consisting of 
tin , magnesium , nickel , copper , iron , cobalt , manganese , 
zinc , indium , silver , titanium , germanium , bismuth , anti 
mony and chromium . 
[ 0104 ] A further possible anode active material is silicon 
which is able to intercalate lithium ions . The silicon may be 
used in different forms , e . g . in the form of nanowires , 
nanotubes , nanoparticles , films , nanoporous silicon or sili 
con nanotubes . The silicon may be deposited on a current 
collector . The current collector may be a metal wire , a metal 
grid , a metal web , a metal sheet , a metal foil or a metal plate . 
Preferred the current collector is a metal foil , e . g . a copper 
foil . Thin films of silicon may be deposited on metal foils by 
any technique known to the person skilled in the art , e . g . by 
sputtering techniques . One possibility of preparing Si thin 
film electrodes are described in R . Elazari et al . , Electro 

chem . Comm . 2012 , 14 , 21 - 24 . It is also possible to use a 
silicon / carbon composite as anode active material according 
to the present invention . 
[ 0105 ] Other possible anode active materials are lithium 
ion intercalating oxides of Ti . 
[ 0106 ] Preferably the anode active material is selected 
from carbonaceous material that can reversibly occlude and 
release lithium ions , particularly preferred the carbonaceous 
material that can reversibly occlude and release lithium ions 
is selected from crystalline carbon , hard carbon and amor 
phous carbon , in particular preferred is graphite . In another 
preferred embodiment the anode active is selected from 
silicon that can reversibly occlude and release lithium ions , 
preferably the anode comprises a thin film of silicon or a 
silicon / carbon composite . In a further preferred embodiment 
the anode active is selected from lithium ion intercalating 
oxides of Ti . 
[ 0107 ] The anode and cathode may be made by preparing 
an electrode slurry composition by dispersing the electrode 
active material , a binder , optionally a conductive material 
and a thickener , if desired , in a solvent and coating the slurry 
composition onto a current collector . The current collector 
may be a metal wire , a metal grid , a metal web , a metal 
sheet , a metal foil or a metal plate . Preferred the current 
collector is a metal foil , e . g . a copper foil or aluminum foil . 
[ 0108 ] The inventive lithium batteries may contain further 
constituents customary per se , for example separators , hous 
ings , cable connections etc . The housing may be of any 
shape , for example cuboidal in the shape of a cylinder , the 
shape of a prism or the housing used is a metal - plastic 
composite film processed as a pouch . Suited separators are 
for example glass fiber separators and polymer - based sepa 
rators like polyolefin separators . 
[ 0109 ] Several inventive lithium batteries may be com 
bined with one another , for example in series connection or 
in parallel connection . Series connection is preferred . The 
present invention further provides for the use of inventive 
lithium ion batteries as described above in devices , espe 
cially in mobile devices . Examples of mobile devices are 
vehicles , for example automobiles , bicycles , aircraft , or 
water vehicles such as boats or ships . Other examples of 
mobile devices are those which are portable , for example 
computers , especially laptops , telephones or electrical 
power tools , for example from the construction sector , 
especially drills , battery - driven screwdrivers or battery 
driven tackers . But the inventive lithium ion batteries can 
also be used for stationary energy stores . 
[ 0110 ] Even without further statements , it is assumed that 
a skilled person utilize the above description in its widest 
extent . Consequently , the preferred embodiments and 
examples are to be interpreted merely as a descriptive 
enclosure which in no way has any limiting effect at all . 
[ 0111 ] The invention is illustrated by the examples which 
follow , which do not , however , restrict the invention . 
[ 0112 ] 1 . Electrolyte Compositions 
[ 0113 ] Electrolyte compositions were prepared containing 
1 M LiPF , in a mixture of ethylene carbonate ( EC ) and 
methyl ethylcarbonate ( EMC ) in a ratio of 3 : 7 by mass and 
0 . 1 wt - % of different comparative and inventive compounds 
as shown in Table 1 . 
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TABLE 1 
Reduction 

potential peak 
against Lit / Li [ V ] Example Structure 

CH30 0 . 80 Inventive example 1 
3 - Amino - 5 
methylisoxazole 

NH2 NH2 
H?N , O 1 . 42 and 1 . 04 Inventive example 2 

5 - Amino - 3 
phenylisoxazole 

[ 0118 ] The high temperature storage stability tests for coin 
cells started with a formation and conditioning protocol ( ca . 
20 cycles ) at 25° C . , comprising one charge discharge cycle 
at C / 10 ( formation ) followed by one cycle at C / 5 , four cycles 
at C / 2 which were followed by a rate test at C15 , C / 2 , 1C , 2C , 
3C , 4C , 5C and 6C . The cells were afterwards cycled four 
times at C / 2 and stored in the charged state at 60° C . for 
7 - days week . After storage battery performance was inves 
tigated again at 25° C . The test protocol after storage 
consisted of a discharge at C / 5 , cycling four times at C / 5 and 
testing rate capability at C15 , C / 2 , 1C , 2C , 3C , 4C , 5C and 
6C ( 25° C . ) . In one set of experiments cycling was done 
between 3 and 4 . 3 V and the cells were stored in the charged 
state ( 4 . 3 V ) , in another set of experiments the cells were 
cycled between 3 to 4 . 5 V and the cells were stored in the 
charged state ( 4 . 5 V ) . 
[ 0119 ] The following terms are used to describe the per 
formance of the cells : 
[ 0120 ] Capacity retention : capacity of the cell on the 5th 
cycle after storage ( 25º C . , 0 . 2 C rate ) , expressed as per 
centage of the value before storage ( 25º C . , 0 . 2 C rate ) 
[ 0121 ] The reported capacities are discharge capacities . 
[ 0122 ] Rate capability after 7 - days storage at 60° C . at 4 . 5 
and 4 . 3 V , respectively : Percentage of capacity measured at 
25° C . after storage based on the capacity measured at the 
same C - rate at 25° C . before storage . 
[ 0123 ] The results are shown in Tables . 

HN . 0 . 96 and 0 . 76 Inventive example 3 
5 - Amino - 3 - methyl - 4 
isoxazolecarbonitrile 

NC CH3 
0 . 88 Comparative example 1 

Isoxazole 

CH ; 0 . 89 and 0 . 70 Comparative example 2 
3 , 5 - Dimethylisoxazole 

TABLE 2 
Capacity retention after 7 - days storage at 60° 

C . in the charged state 4 . 5 V ( % of value before storage ) 

Inventive example 1 
Inventive example 2 
Inventive example 3 
Comparative example 1 
Comparative example 2 

92 . 8 
91 . 3 
93 . 3 
87 . 5 
92 . 8 

TABLE 3 
Rate capability after 7 - days storage at 60° C . 

in the charged state 4 . 5 V % of value before storage ) 

C - Rate 0 . 5 1 2 3 

[ 0114 ] 2 . Electrochemical Tests 
[ 0115 ] Reduction potential peak values were obtained 
from differential capacity plots of 2032 coin - type cells 
comprising a CMC - bonded graphite working electrode on a 
Cu current collector and a PVDF bonded lithium iron 
phosphate ( LFP , BASF ) counter electrode ( cell voltages 
were converted into working electrode potential vs . Lit / Li 
considering an average counter electrode potential of 3 . 45 
Vli ) . Cells were galvanostatically charged at C / 100 rate 
from open circuit voltage to 3 . 6 V 1 ; . In some cases two 
reduction peaks were detected . The results are shown in 
Table 1 . 
[ 0116 ] High temperature storage stability of Li - ion cells 
using the electrolytes described above was investigated in a 
full cell configuration with coin - type cells ( 2032 ) with the 
same anode as described above for the determination of the 
reduction potential . The cathode used was PVdF ( polyvi 
nylidenefluoride ) - bonded Li ( Ni . . . C00 . 2Mno . 3 ) 02 ( also 
referred to as NCM523 ) ( BASF ) on an Al current collector . 
Cathode capacity was balanced for operating voltages 
between 3 . 0 to 4 . 5 V or 3 . 0 to 4 . 3 V ( same anode was used 
in both configurations ) . 
[ 0117 ] A glass - fiber separator ( Whatman GF / D ) was used 
as the separator , which was soaked with 95 ul electrolyte . All 
cells were assembled in an argon - filled glove box ( Unilab , 
MBraun ) having oxygen and water levels below 0 . 1 ppm . 
Afterwards the test cells were transferred to a battery test 
station comprising a Maccor battery test system and a 
climatic chamber tempered at 25° C . 

Inventive example 1 
Inventive example 2 
Inventive example 3 
Comparative example 1 
Comparative example 2 

93 . 5 
94 . 0 
94 . 4 
88 . 0 
93 . 4 

93 . 7 
94 . 9 
94 . 9 
88 . 3 
93 . 7 

93 . 6 
96 . 0 
95 . 2 
87 . 4 
93 . 8 

90 . 0 
94 . 0 
93 . 0 
78 . 9 
90 . 8 

TABLE 4 

Capacity retention after 7 - days storage at 60° 
C . in the charged state 4 . 3 V ( % of value before storage ) 

Inventive example 1 
Inventive example 2 
Comparative example 1 
Comparative example 2 

85 . 6 
88 . 8 
86 . 1 
79 . 1 
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TABLE 5 
Rate capability after 7 - days storage at 60° C . 

in the charged state 4 . 3 V ( % of value after storage ) 

C - Rate 0 . 5 1 2 3 
Inventive example 2 
Comparative example 1 
Comparative example 2 

91 . 0 
88 . 9 
82 . 0 

92 . 0 
89 . 2 
82 . 5 

93 . 1 
89 . 2 
81 . 4 

90 . 6 
82 . 5 
73 . 0 

and 
[ 0124 ] Inventive example 3 shows always better capacity 
retention and rate capability , inventive example 2 shows 
better values than comparative examples 1 and 2 with the 
exception of the capacity retention upon 7 - days storage at 
60° C . in the charged state 4 . 5 V ( Table 2 ) . Inventive 
example 1 does not show always better values than both 
comparative examples 1 and 2 , but shows in any case values 
close or equal to the better one the two comparative 
examples . In contrast each of the two comparative examples 
1 and 2 shows values which are clearly better than the other 
comparative example in only one set of experiments , either 
in the experiments after storage in the charged state at 4 . 3 V 
or 4 . 5 V , but not in both as inventive example 1 , so the 
overall performance of inventive example 1 is clearly better 
than the overall performance the two comparative examples . 

1 . An electrolyte composition containing at least one 
compound of formula ( I ) 

5 . The electrolyte composition of claim 1 , wherein at least 
one of R ' , R , and Rº is C to C12 ( hetero ) aryl or Co to C24 
( hetero ) aralkyl , which are optionally substituted with one or 
more substituents selected from CN , NR ' R " , and CHO . 

6 . The electrolyte composition of claim 1 , wherein at least 
one of R ' , R , and Rº is not H or C , to C12 alkyl , and at least 
one of the remaining R1 , R2 , and R ’ is not H . 

7 . The electrolyte composition of claim 1 , wherein the at 
least one compound of formula ( I ) is selected from 3 - amino 
5 - methylisoxazole , 5 - amino - 3 - phenylisoxazole 
5 - amino - 3 - methyl - 4 - isoxazole carbonitrile . 

8 . The electrolyte composition of claim 1 , wherein the 
compound of formula ( I ) is present from 0 . 01 to 5 wt . - % of 
the total weight of the electrolyte composition . 

9 . The electrolyte composition of claim 1 , wherein the 
electrolyte composition contains at least one aprotic organic 
solvent . 

10 . The electrolyte composition of claim 1 , wherein the 
electrolyte composition contains at least one conducting salt . 

11 . The electrolyte composition of claim 1 , wherein the 
electrolyte composition contains at least one additive dif 
ferent from the compound of formula ( 1 ) . 

12 . Use of a compound of formula ( I ) as an additive in 
electrolyte compositions , 

RI RIO 

R R2 R3 

R2 R3 23 

wherein : 
R1 , R2 , and R3 are selected independently from each other 

from H , C , to C?2 alkyl , C3 - C6 ( hetero ) cycloalkyl , C2 to 
C12 alkenyl , C2 to C12 alkynyl , CN , NR ' R " , CHO , C ; to 
C12 ( hetero ) aryl , and Co to C24 ( hetero Jaralkyl ; 

alkyl , ( hetero ) cycloalkyl , alkenyl , alkynyl , ( hetero ) aryl , 
and ( hetero ) aralkyl are optionally substituted with one 
or more substituents selected from CN , NR ' R " , and 
CHO ; 

R ' and R " are selected independently from each other 
from H and C , to C . alkyl ; and 

at least one of R ' , R² , and R3 is not H or C , to C12 alkyl . 
2 . The electrolyte composition of claim 1 , wherein at least 

one of R1 , R² , and R3 is NR ' R " . 
3 . The electrolyte composition of claim 2 , wherein R ' and 

R " are H . 
4 . The electrolyte composition of claim 1 , wherein at least 

one of R ' , R² , and R3 is CN . 

wherein : 
R1 , R² , and R3 are selected independently from each other 

from H , C , to C12 alkyl , Cz - C . ( hetero ) cycloalkyl , C , to 
C12 alkenyl , C2 to C12 alkynyl , CN , NR ' R " , CHO , C? to 
C12 ( hetero Jaryl , and Co to C24 ( hetero Jaralkyl ; 

alkyl , ( hetero ) cycloalkyl , alkenyl , alkynyl , ( hetero ) aryl , 
and ( hetero Jaralkyl are optionally substituted with one 
or more substituents selected from CN , NR ' R " , and 
CHO 

R ' and R " are selected independently from each other 
from H and C , to C . alkyl ; and 

at least one of R1 , R² , and R3 is not H car C , to C12 alkyl . 
13 . An electrochemical cell comprising the electrolyte 

composition of claim 1 . 
14 . The electrochemical cell of claim 13 , wherein the 

electrochemical cell is a lithium battery . 
15 . The electrochemical cell of claim 14 , wherein the 

electrochemical cell comprises a cathode containing at least 
one cathode active material selected from lithium interca 
lating transition metal oxides and lithium transition metal 
phosphates . phosphate 

* * * * 


