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NOVEL MATERIALS FOR USE AS 
ELECTROLYTIC SOLUTES 

[0001] The subj ect-matter of the present invention is ionic 
compositions having a high ionic conductivity, comprising a 
salt in Which the anionic charge is delocaliZed, and their 
uses, in particular as electrolyte. 

[0002] It is knoWn and particularly advantageous to intro 
duce ionic groups into organic molecules or polymers hav 
ing various functions. This is because the coulombic forces 
correspond to the strongest available interactions at the 
molecular level and the ionic groups modify in the most 
pronounced Way the molecules to Which they are attached. 
Mention may be made of dyes, Which are rendered soluble 
in Water using sulfonate or carboxylate functional groups. 

[0003] HoWever, the groups of this type, —CO2_ l/mMrn+ 
or —SO3_ 1/mMm+, are not dissociated and they do not 
induce solubility in solvents other than Water or some very 
polar protic solvents, such as light alcohols, Which greatly 
restrict the scope of their use. 

[0004] Furthermore, salts of the compounds l/mMrn+ 
C_(SO2RF)3, in Which RF is a per?uorinated group and Mrn+ 
a cation With the valency m, are knoWn Which are soluble 
and dissociated in organic aprotic media or in solvating 
polymers. HoWever, it is considered that the existence of at 
least tWo per?uoroalkylsulfonyl groups (in particular the 
existence of ?uorine atoms on the carbon atom 0t to each of 
the sulfonyl groups), Which exert a large attractant poWer on 
the electrons of the anionic charge, is a necessary condition 
for the solubility and dissociation properties to be obtained. 

[0005] Surprisingly, the inventors have found that the 
excellent solubility and dissociation properties of the 
—C(SO2RF)3 ionic groups are retained When a single sul 
fone group has ?uorine atoms on atoms adjacent to the sulfur 
atom, alloWing an extremely Wide choice of functional 
molecules. In just as unexpected a Way, it Was found that it 
is possible, With the same properties being obtained, to omit 
the —SO2— group attached to the nonper?uorinated group, 
provided that the group attached directly to the carbon has 
a Hammett parameter 0+ of greater than 0.55. By Way of 
comparison, the Hammett parameter 0+ of an —SO2— 
group connected to a nonper?uorinated group is 3.5 and 4.55 
for a CF3SO2— group. 

[0006] The subject-matter of the present invention is an 
ionic composition comprising at least one ionic compound 
in solution in a solvent, the said ionic compound comprising 
an anionic part associated With at least one cationic part Mrn+ 
in a number sufficient to ensure the electronic neutrality of 
the combination. The said composition is characteriZed in 
that it has a conductivity of greater than 10-5 S.cm_1 at a 
temperature of betWeen —30° C. and 150° C., in that Mrn+ is 
a proton, a hydronium, a hydroxonium, a nitrosonium NO", 
an ammonium —NH4+ or a cation having the valency m 
chosen from metal cations, organic cations and organome 
tallic cations, and in that the anionic part corresponds to one 
of the formulae XF—SOX—C_(Z) (Z‘), XF—SOX—C_(YR) 
(Y‘R‘) or XF—SOX—C_—(Z) (YR) in Which: 

[0007] x is 2 (sulfonyl group) or 1 (sul?nyl group); 

[0008] XF represents a monovalent or multivalent 
radical chosen from the group consisting of linear, 
branched or cyclic perhalogenated radicals of the 
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alkyl, alkylaryl, oxa-alkyl, aZa-alkyl, thia-alkyl, alk 
enyl, oxa-alkenyl, aZa-alkenyl, thia-alkenyl or 
dialkylaZo type or from the group consisting of 
organic radicals in Which the carbon 0t to the SOX 
group carries at least one F atom, it being understood 
that a multivalent XF radical is connected to more 
than one —SOXC— group ; 

[0009] Z and Z‘ represent, independently of one 
another, a monovalent or multivalent electron-With 
draWing radical, it being understood that a multiva 
lent Z or Z‘ radical can form part of a ring or be 
connected to several —C_SOX—XF groups; 

[0010] Y or Y‘ represent a sulfonyl, sul?nyl, carbonyl 
or phosphonyl group; 

[0011] R is a monovalent or multivalent organic 
radical and R‘ is H or a monovalent or multivalent 
organic radical, R and R‘ being other than a per?uo 
roalkyl When x=2 ; it Being understood that each of 
the substituents R, R‘, Z or Z‘ can form part of an 
aromatic or nonaromatic ring or of a polymer, and 
that each of the substituents XF, R, R‘, Z or Z‘ can be 
connected to a substituent XF, R, R‘, Z or Z‘ carried 
by the same anionic center C“ or by another anionic 
center. 

[0012] In the ionic compound of a composition of the 
present invention, the cation can be a metal cation chosen 
from alkali metal cations, alkaline earth metal cations, 
transition metal cations, in the divalent or trivalent state, and 
rare earth cations. Mention may be made, by Way of 
example, of Na”, Li”, K”, Sm3+, La3+, H03", Sc3+, A13", Y3+, 
Yb3+, Lu3+ or Eu3+. 

[0013] The cation can also be an organometallic cation, in 
particular a metallocenium. Mention may be made, by Way 
of example, of the cations derived from ferrocene, from 
titanocene, from Zirconocene, from an indenocenium or 
from a metallocenium arene, the cations of transition metals 
complexed by ligands of phosphine type optionally possess 
ing a chirality, or the organometallic cations possessing one 
or more alkyl or aryl groups covalently attached to an atom 
or a group of atom, such as the methylZinc, phenylmercury, 
trialkyltin or trialkyllead cations. The organometallic cation 
can form part of a polymer chain. 

[0014] The cation of the salt of a composition of the 
invention can be an organic cation chosen from the group 
consisting of the R“3O+(onium), NR“ 4+(ammonium), R“C 
(NHR“2)2+(amidinium), C(NHR“2)3+(guanidinium), 
C5R“6N+(pyridinium), C3R“5N2+(imidaZolium), C2R“4N3+ 
(triaZolium), C3R“7N2+(imidaZolinium), SR“3+(sulfonium), 
PR“ 4+(phosphonium), IR“2+(iodonium) or (C6R“5)3C+(car 
bonium) cations, the R“ radicals independently representing 
H or a nonper?uorinated organic radical. The organic radi 
cals R“, Which are identical or different, are preferably 
chosen from the group consisting of: 

[0015] the proton, alkyl, alkenyl, oxa-alkyl, oxa-alk 
enyl, aZa-alkyl, aZa-alkenyl, thia-alkyl, thia-alkenyl, 
optionally hydrolyZable sila-alkyl or optionally 
hydrolyZable sila-alkenyl radicals and dialkylaZo 
radicals, it being possible for the said radicals to be 
linear, branched or cyclic 

[0016] cyclic or heterocyclic radicals optionally com 
prising at least one side chain comprising heteroat 
oms, such as nitrogen, oxygen or sulfur; 
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[0017] aryls, arylalkyls, alkylaryls and alkenylaryls, 
optionally comprising heteroatoms in the aromatic 
nucleus or in a substituent; 

[0018] groups comprising several condensed or non 
condensed, aromatic or heterocyclic nuclei, option 
ally comprising at least one nitrogen, oxygen, sulfur 
or phosphorus atom. When an onium cation carries at 
least tWo R“ radicals other than H, these radicals can 
together form an aromatic or nonaromatic ring, 
optionally encompassing the center carrying the cat 
ionic charge. 

[0019] A cationic onium group can be polycationic, for 
example When an R“ substituent is a divalent substituent 
connected to tWo cationic centers. Mention may be made, by 
Way of example, of the cation of the folloWing compound: 

[0020] When the cationic part of the ionic compound is an 
onium cation, it can be provided either in the form of an 
independent cationic group Which is only bonded to the 
anionic part via the ionic bond betWeen the positive charge 
of the cation and the negative charge of the anionic part. In 
this case, the cationic part can form part of a repeat unit of 
a polymer. 

[0021] An onium cation can also form part of one of the 
RH, R or R‘ radicals. In this case, the ionic compound 
constitutes a ZWitterion. Mention may be made, by Way of 
example, of the folloWing compound: 

[0022] The onium cation can be chosen so as to introduce, 
into the salt, substituents Which make it possible to confer 
speci?c properties on the said salt. For example, the M+ 
cation can be a cationic heterocycle of aromatic nature 
comprising at least one quaterniZed nitrogen atom in the 
ring. Mention may be made, by Way of example, of the 
imidaZolium, triaZolium, pyridinium and 4-(dimethylami 
no)pyridinium ions, the said cations optionally carrying a 
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substituent on the carbon atoms of the ring. Among these 
cations, those Which give a salt With a melting point of less 
than 150° C. are advantageous, because they give ionic 
compositions Which have a protonic conduction. A particu 
larly preferred composition With protonic conduction com 
prises a salt in Which the cation is formed by addition of a 
proton to the nitrogen of an imidaZoline, of an imidaZole or 
of a triaZole, as Well as the corresponding nitrogenous base, 
in a proportion of 0.5 to 10 by molar ratio. 

[0023] A salt in Which the cation is a cationic group 
possessing an —N=N— or —N=N+ linkage, a sulfonium 
group, an iodonium group or an areneferrocenium cation 
Which is substituted or unsubstituted, optionally incorpo 
rated in a polymeric backbone, is advantageous insofar as it 
can be activated by a source of actinic energy of appropriate 
Wavelength. Mention may be made, as speci?c examples of 
such salts, of substituted or unsubstituted phenacyldialkyl 
sulfonium, trialkylaryl-sulfonium, triarylsulfonium, dialky 
laryliodonium and diaryliodonium salts. The abovemen 
tioned cations can form part of a polymer chain. 

[0024] The M cation of a salt can incorporate a 2,2‘ 
[AZobis(2-2‘-imidaZolinio-2-yl)propane]2+ or 2,2‘-AZo 
bis(2-amidiniopropane)2+ group. The salt is then capable of 
releasing, under the action of heat or of ioniZing radiation, 
radicals Which make it possible to initiate polymeriZation or 
crosslinking reactions or, generally, chemical reactions 
involving free radicals. Furthermore, this salt is readily 
soluble in polymer and monomer organic solvents, even of 
loW polarity, in contrast to the derivatives of the anions of 
Cl“ type commonly associated With the abovementioned 
cations. Furthermore, they exhibit a negligible vapor pres 
sure, in contrast to the other radical initiators of peroxide or 
am type, Which is a considerable advantage in the process 
ing of polymers as thin ?lms, poor polymeriZation or 
crosslinking of the surface of the ?lm being the consequence 
of the volatility of the initiator. 

[0025] In an embodiment of the invention, XF is a perha 
logenated alkyl radical preferably having from 1 to 12 
carbon atoms or a perhalogenated alkylaryl radical prefer 
ably having from 6 to 9 carbon atoms. A heteroatom, such 
as O, N or S, can be present betWeen tWo carbon atoms or 
at the end of the radical. Mention may be made, by Way of 
examples, of the folloWing compounds: 

[0026] An XF substituent can also be a radical chosen from 
the group consisting of RHCF2—, RHCF2CF2—, 
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RHCF2CF(CF3)— and CF3C(RH)F—, in Which RH repre 
sents a nonperhalogenated organic radical. 

[0027] An R, R‘ or RH substituent can be chosen from 
alkyl, alkenyl, oXa-alkyl, oXa-alkenyl, aZa-alkyl, aZa-alk 
enyl, thia-alkyl, thia-alkenyl and dialkylaZo radicals having 
from 1 to 24 carbon atoms, or from aryl, arylalkyl, alkylaryl 
or alkenylaryl radicals having from 5 to 24 carbon atoms, it 
being possible for the said radicals optionally to be com 
pletely or partially ?uorinated, R and R‘ being other than a 
per?uorosalkyl When XFSOX is a per?uoroalkylsufonyl. A 
feW examples are given hereinbeloW by Way of illustration. 

OCF= c112 

s02 
/ 

OCF= C112 

0 

> 

sozocnzcn3 

so2 so/\/ 2 

CH3 
CN so2N 

[0028] TWo R and R‘ substituents can together form a 
divalent radical connected to a Y group and a Y‘ group. A 
compound eXample is given hereinbeloW 
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[0029] An R, R‘ or RH substituent can be chosen from 
alkyl or alkenyl radicals having from 1 to 12 carbon atoms 
and optionally comprising at least one O, N or S heteroatom 
in the main chain or in a side chain and/or optionally 
carrying a hydroXyl group, a carbonyl group, an amine 
group, an alkoXysilane group or a carboXyl group. When tWo 
substituents together form a divalent radical, this divalent 
radical can carry a heteroatom in a side chain and optionally 
form part of a ring. Mention may be made, by Way of 
eXample, of 

[0030] TWo R and R‘ radicals can together form a biradical 
connected, at each of its ends, to an —SO2—C_—SO2XF 
anionic group. A polyionic compound is thus obtained, such 
as, for example: 

sozce 

[0031] An R, R‘ or RH substituent can be a polymer 
radical, for eXample an oligo(oXyalkylene) radical. The salt 
of the composition of the invention is then provided in the 
form of a polymer carrying an [(R‘,Y‘) (XFSOX) CY—]_ M+ 
ionic group, Where R is a polymer radical, or in the form of 
a polymer carrying an [(RY) (R‘,Y‘)C—SOX—]_ group, 
Where RH is a polymer radical. 

[0032] An R or R‘ substituent can be a repeat unit of a 
polymer. The salt of the composition of the invention is then 
provided in the form of a polymer in Which at least a portion 
of the repeat units carry a side group to Which is attached an 
(XFSOX)CY_—, M+ ionic group. Mention may be made, as 
an eXample, of a poly(oXyalkylene), a polyaniline or a 
poly(furan-vinylene), in Which at least some oXyalkylene 
units carry an [(R‘,Y‘) (XFSOX)CY—], M+ or [(RY) (R‘, 
Y‘)C—SOX—]_ substituent. Mention may also be made of a 
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polystyrene in Which at least some styrene units carry an 
[(R‘,Y‘) (XFSOX) CY—]_> M” substituent, for example a 

/ 
SO N 

/ 2 \ 
sozce Li+ 

\ 

O 

CH=CH 

n 

[0033] Aspeci?c category of salts, Which salts can be used 
in a composition according to the invention, comprises the 
compounds in Which an R, R‘ or RH substituent possesses at 
least one anionic ionophoric group and/or at least one 
cationic ionophoric group. The anionic group can, for 
example, be a carboXylate functional group (—CO2_), a 
sulfonate functional group (—SO3_), a disulfonimide func 
tional group (—SO2NSO2_) or a sulfonamide functional 
group (—SO2N=). The cationic ionophoric group can, for 
eXample, be an iodonium, sulfonium, oXonium, ammonium, 
amidinium, guanidinium, pyridinium, imidaZolium, imida 
Zolinium, triaZolium, phosphonium or carbonium group. 
The cationic ionophoric group can entirely or partially act as 
the M cation. 

[0034] When an R, R‘ or RH substituent comprises at least 
one ethylenic unsaturated and/or one condensable group 
and/or one group dissociable by the thermal route, by the 
photochemical route or by ionic dissociation, the com 
pounds of the invention are reactive compounds Which can 
be subjected to polymeriZations, crosslinkings or condensa 
tions, optionally With other monomers. They can also be 
used to attach ionophoric groups to polymers carrying the 
appropriate reactive functional group. 

[0035] An R, R‘ or RH substituent can comprise a meso 
morphic group or a chromophoric group or a self-doped 
electronic conducting polymer or a hydrolyZable alkoXysi 
lane. 

[0036] An R, R‘ or RH substituent can comprise a group 
capable of scavenging free radicals, for eXample a hindered 
phenol or a quinone. 

[0037] An R, R‘ or RH substituent can also comprise a 
dissociating dipole, for eXample an amide functional group, 
a sulfonamide functional group or a nitrile functional group. 

[0038] An R, R‘ or RH substituent can also comprise a 
redoX couple, for eXample a disul?de group, a thioamide 
group, a ferrocene group, a phenothiaZine group, a bis(di 
alkylaminoaryl) group, a nitroXide group or an aromatic 
imide group. 
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[0039] An R, R‘ or RH substituent can also comprise a 
compleXing ligand. 

[0040] An R, R‘ or RH, RY or R‘Y substituent can be an 
optically active group (for eXample an amino acid) or an 
optically or biologically active polypeptide. 

[0041] When a compound of the present invention corre 
sponds to the formula XF—SOX—C—(Z) (Z‘) or 
XF—SOX—C—(Z) (YR), Z or Z‘ can be chosen from the 
group consisting of —CN, —NO2, —SCN, —N3, —CF3, 
R‘FCH2—(R‘F being a per?uorinated radical), CF2=CFO—, 
CF2=CF—S—, CF2=CF—, —C2F4H, ?uoroalkyloxy or 
per?uoroalkyloXy radicals, ?uoroalkylthioxy radicals and 
per?uoroalkylthioXy radicals. Z or Z‘ can also be a radical 
comprising one or more aromatic nuclei optionally compris 
ing at least one nitrogen, oXygen, sulfur or phosphorus atom, 
it being possible for the said nuclei optionally to be con 
densed nuclei and/or it being possible for the said nuclei 
optionally to carry at least one substituent chosen from the 
group consisting of halogens, —OCnF2n+1, —OC2F4H, 
—SCnF2n+1, —SC2F4H, —O—CF=CF2, —SCF=CF2, 
—CN, —NO2, —SCN, —N3, —CF3, CF3CH2—, aZa, thia 
and oXa radicals, per?uoroalkyl radicals, ?uoroalkyloxy 
radicals, ?uoroalkylthioxy radicals, alkyl, alkenyl, oXa 
alkyl, oXa-alkenyl, aZa-alkyl, aZa-alkenyl, thia-alkyl or thia 
alkenyl radicals, polymer radicals, and radicals possessing at 
least one cationic ionophoric group and/or at least one 
anionic ionophoric group; 

[0042] it being understood that a Z or Z‘ substituent can be 
a monovalent radical, a portion of a multivalent radical 
connected to several XF—SOX—C_ groups, or a segment of 
a polymer, and that tWo Z and Z‘ substituents can together 
form a multivalent group comprising a nucleus or several 
optionally condensed aromatic nuclei, including or not 
including the carbon carrying the anionic charge. 

[0043] A Z substituent can also represent a repeat unit of 
a polymer. In this case, the ionic composition of the inven 
tion comprises a polymer in Which at least some repeat units 
carry a _CSOZXF ionic group. The Z substituent of an anionic 
group and the Z‘ substituent of a neighboring anionic group 
can also form a biradical. In this case, the ionic composition 
of the invention comprises a polymer in Which the C“ 
anionic center forms part of the backbone of the polymer, the 
XFSO2 group being found as a side substituent. 

[0044] The solvent of the ionic composition of the inven 
tion can be an aprotic liquid solvent, a polar polymer or one 
of their miXtures. 

[0045] The aprotic liquid solvent is chosen, for eXample, 
from linear ethers and cyclic ethers, esters, nitrites, nitro 
derivatives, amides, sulfones, sulfolanes, alkylsulfamides 
and partially halogenated hydrocarbons. The particularly 
preferred solvents are diethyl ether, dimethoXyethane, 
glyme, tetrahydrofuran, dioXane, dimethyltetrahydrofuran, 
methyl or ethyl formate, propylene or ethylene carbonate, 
alkyl carbonates (in particular dimethyl carbonate, diethyl 
carbonate and methyl propyl carbonate), butyrolactone, 
acetonitrile, benZonitrile, nitromethane, nitrobenZene, dim 
ethylformamide, diethyl-formamide, N-alkylpyrrolidones 
(in particular N-methyl-pyrrolidone), dimethyl sulfone, tet 
ramethylene sulfone and tetraalkylsulfonamides having 
from 5 to 10 carbon atoms. 
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[0046] An ionic composition of the invention can com 
prise a polar polymer solvent chosen from crosslinked or 
noncrosslinked solvating polymers carrying or not carrying 
grafted ionic groups. A solvating polymer is a polymer 
Which comprises solvating units comprising at least one 
heteroatom chosen from sulfur, oxygen, nitrogen and ?uo 
rine. Mention may be made, as an example of solvating 
polymers, of polyethers With a linear, comb or block struc 
ture, forming or not forming a netWork, based on poly(eth 
ylene oxide) or copolymers comprising the ethylene oxide or 
propylene oxide or allyl glycidyl ether unit, polyphosp 
haZenes, crosslinked netWorks based on poly(ethylene gly 
col) crosslinked by isocyanates or netWorks obtained by 
polycondensation and carrying groups Which make possible 
the incorporation of crosslinkable groups. Mention may also 
be made of block copolymers in Which some blocks carry 
functional groups Which have redox properties. Of course, 
the above list is not limiting and any polymer exhibiting 
solvating properties can be used. 

[0047] An ionic composition of the present invention can 
simultaneously comprise an aprotic liquid solvent chosen 
from the abovementioned aprotic liquid solvents and a polar 
polymer solvent comprising units comprising at least one 
heteroatom chosen from sulfur, nitrogen, oxygen and ?uo 
rine. The composition can comprise from 2 to 98% of liquid 
solvent. Mention may be made, as example of such a polar 
polymer, of polymers Which mainly comprise units derived 
from acrylonitrile, from vinylidene ?uoride, from N-vi 
nylpyrrolidone or from methyl methacrylate. The proportion 
of aprotic liquid in the solvent can vary from 2% (corre 
sponding to a plasticiZed solvent) to 98% (corresponding to 
a gelled solvent). 

[0048] An ionic composition of the present invention can 
additionally comprise a salt used conventionally in the prior 
art for the preparation of an ionically conducting material. 
Mention may be made, among the salts Which can be added 
to an ionic composition according to the invention, of 
per?uoroalkanesulfonates, bis(per?uoroalkylsulfonyl)im 
ides, bis(per?uoroalkylsulfonyl)methanes and tris(per 
?uoro-alkylsulfonyl)methanes. 
[0049] Of course, an ionic composition of the invention 
can additionally comprise the additives conventionally used 
in ionically conducting materials and in particular inorganic 
or organic ?llers in the form of a poWder or of ?bers. 

[0050] Generally, a compound Q1C(M) (Q2) (Q3) in Which 
Q1, Q2 and Q3 represent RY, R‘Y‘, Z, Z‘ or XFSOX can be 
prepared by the reaction of a compound possessing a leaving 
group L With a precursor of the ?nal compound, according 
to the folloWing reaction scheme: 

[0052] L represents a leaving group such as F, Cl, Br, 
imidaZolyl, triaZolyl or RSO3—. E represents an electro 
philic group, such as M. For example, E can be H, Li, Na, 
K, a substituted or unsubstituted ammonium, MgL, Si(R7)3 
or Sn(R8)3, R7 and R8 representing an alkyloxy radical. 

[0053] A compound XF—SOX—C_(Z) (Z‘) can be pre 
pared by the reaction of a compound possessing a leaving 
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group L With a precursor of the ?nal compound, according 
to the folloWing reaction scheme: 

[0055] The compounds EC(M) (Q2)(Q3) can be prepared 
by a similar method according to the reaction scheme 

[0056] Q2L+E2MCQ3:>EC (M) (Q2)(Q3)+LE in Which 
Q2, Q3, E, M and L have the meaning indicated above. 

[0057] In an alternative form, Where Q represents 
XFSOX—, the reaction can involve sulfur in the +2 or +4 
oxidation state, according to the folloWing reaction scheme: 

[0059] An ionic composition of the present invention of 
the polymer type can be prepared by dissolving the solvating 
polymer and an ionic compound carrying a _CSOXXF group 
in a common solvent, such as acetonitrile, and then evapo 
rating the solvent. The procedure can also be employed 
Which consists in dissolving an ionic compound in a volatile 
solvent, in then dissolving this ionic composition and a 
solvating polymer in a common solvent and in evaporating 
the volatile solvent, the ionic composition being chosen so 
as to give a predetermined ionic compound/repeat unit ratio. 
An ionic composition of the present invention of the gell 
type can be obtained either by incorporating a liquid solvent 
in a polymer composition or by dissolving the ionic com 
pound in a solvent in Which the polymer can also be 
dissolved under Warm conditions. 

[0060] The salts of the ionic compositions of the present 
invention comprise at least one ionophoric group to Which 
are attached substituents Which can be highly varied. Bear 

ing in mind the large choice possible for the substituents, the 
salts make it possible to induce properties of ionic conduc 
tion in the majority of organic media, liquids or polymers, 
possessing a polarity, even a loW polarity. The applications 
are signi?cant in the ?eld of electrochemistry, in particular 
of the storage of energy in primary or secondary generators, 
in supercapacitors, in fuel cells and in electroluminescent 
diodes. When the composition according to the invention 
comprises a polymer salt (introduced directly into the com 
position or obtained in situ by polymeriZation of a monomer 
salt), it exhibits the properties listed above With the advan 
tage of having an immobile anionic charge. 

[0061] An ionic composition according to the invention 
can be used as electrolyte of an electrochemical device. 

[0062] In this case, the salt is preferably chosen from the 
compounds for Which the cation is ammonium or a cation 
derived from a metal, in particular of lithium or potassium, 
Zinc, calcium or rare earth metals, or an organic cation, such 

as a substituted ammonium, an imidaZolium, a triaZolium, a 
pyridinium or a 4-(dimethylamino)pyridinium, the said cat 
ions optionally carrying a substituent on the carbon atoms of 
the ring. The electrolyte thus obtained exhibits a high 
conductivity and a high solubility in the solvents, due to the 
Weak interactions betWeen the positive charge and the nega 
tive charge. Its range of electrochemical stability is broad 
and it is stable in both reducing and oxidiZing media. 
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Mention may be made, among the salts Which can be used 
in an ionic composition of the invention, of those Which 
have an organic cation and a melting point of less than 150° 
C., in particular imidaZolium, triaZolium, pyridinium or 
4-(dimethylamino)pyridinium salts. Mention may be made, 
by Way of example, of the folloWing salts: 

SON N— 2 \Gy 

N NH 

[0063] These salts exhibit a high intrinsic conductivity 
When they are in the molten phase. They can therefore be 
used With a minimum, indeed even Zero, amount of solvent 
in forming an ionically conducting composition. 

[0064] A composition of the invention in Which the anion 
of the salt comprises a perhalogenated alkyl XF substituent 
having from 1 to 12 carbon atoms or a perhalogenated 
alkylaryl substituent having from 6 to 9 carbon atoms is 
particularly advantageous as electrolyte insofar as the Weak 
interactions betWeen the ?uorine atoms of the chain result in 
high solubilities and a high conductivity, even in the case 
Where the other substituents of the salt comprise groups 
having a tendency to give strong interactions, for example 
conjugated aromatic radicals or ZWitterions. 

[0065] Acompound of the invention in Which XF is chosen 
from the RHCF2—, RHCF2CF2—, RHCFZCF (CF3)— or 
CF3C (RH) F— radicals makes it possible to very speci? 
cally adapt the properties of the ionically conducting mate 
rial by appropriately choosing the RH substituent. In par 
ticular, it makes it possible to enjoy, With a reduced number 
of ?uorine atoms, dissociation and solubility properties 
peculiar to the anionic charges of per?uorinated systems. 
These groups are readily accessible from industrial products, 
such as tetra?uoroethylene or tetra?uoropropylene. The 
reduced amount of ?uorine renders these compound less 
sensitive to reduction by highly electropositive metals, such 
as aluminum, magnesium or, especially, lithium. 

[0066] An ionic composition of the invention can be used 
as electrolyte in an electrochemical generator. Another sub 
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ject-matter of the present invention is therefore an electro 
chemical generator comprising a negative electrode and a 

positive electrode separated by an electrolyte, characteriZed 
in that the electrolyte is an ionic composition as de?ned 

above. According to a speci?c embodiment, such a generator 
comprises a negative electrode composed of metallic lithium 
or of one of its alloys, optionally in the form of a nanometric 

dispersion in lithium oxide, or of a double lithium and 

transition metal nitride, or of an oxide of loW potential 

having the general formula Li1+V+X/3Ti2_X/3O4 (02x21, 
0§y§ 1), or of carbon and carbonaceous products resulting 
from the pyrolysis of organic matter. According to another 
embodiment, the generator comprises a positive electrode 
chosen from vanadium oxides VOX, (2§><§2.5), LiV3O8, 
LiyNi1_XCoXO2, (02x21; Oéyé 1), manganese spinels 
LiyMn1_XMXO2, (M=Cr, Al, V, Ni, 0§><§0.5; Oéyé 2), 
organic polydisul?des, FeS, FeS2, iron sulfate Fe2(SO4)3, 
iron and lithium phosphates and phosphosilicates of olivine 
structure, or their products of substitution of the iron by 
manganese, used alone or as mixtures. The collector of the 

positive electrode is preferably made of aluminum. 

[0067] Use Will preferably be made, as electrolyte of an 
electrochemical generator, of an ionic composition compris 
ing an alkali metal salt. Preference is very particularly given 
to lithium salts, optionally as a mixture With a potassium 

salt. 

[0068] The salts in Which the R and R‘ substituents rep 
resent an alkyl, an aryl, an alkylaryl or an aralkyl preferably 

having from 6 to 20 carbon atoms constitute good candidates 

for the ionic compositions intended to be used as electrolyte 

of an electrochemical generator. HoWever, speci?c proper 
ties can be obtained by choosing other substituents. When 

the salt has at least one R, R‘ or XF substituent comprising 

a mesomorphic group or an ethylenic unsaturation and/or a 

condensable group and/or a group dissociable by the thermal 

route, by the photochemical route or by ionic dissociation, 
the ionic composition readily forms polymers or copolymers 
Which are polyelectrolytes, either intrinsic, When the poly 
mer carries solvating groups, or by addition of a polar 
solvent of liquid or polymer type or by mixing With such a 
solvent. These compositions of the polyelectrolyte type have 
a conductivity solely due to the cations. 

[0069] When the salt of the ionic composition used as 
electrolyte carries at least one R, R‘ or RH substituent Which 

is a self-doped electronic conducting polymer, the stability 
of the electrolyte is improved With respect to external agents 
and the conductivity is stable all the time, even at high 
temperatures. On contact With metals, such a composition 
gives very Weak interfacial resistances. Its use as electrolyte 

makes it possible to protect from corrosion, in particular 
ferrous metals or aluminum, in particular When the alumi 
num is used as collector of the cathode of the generator. 

Mention may be made, by Way of example, of: 
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H 

N 

H 

[0070] When the salt of the ionic composition used as 
electrolyte comprises an R, R‘ or RH substituent Which 
comprises a redoX couple (for example a disul?de, a thioa 
mide, a ferrocene, a phenothiaZine, a bis (dialkylaminoaryl) 
group, a nitroXide or an aromatic imide), the electrolyte has 
redoX shuttle properties of use as charge equalization and 
protection component of the electrochemical generator. 

[0071] The use of a salt carrying at least one R, R‘ or RH 
substituent Which represents an alkyl, an aryl, an alkylaryl or 
an arylalkyl makes it possible to induce properties of 
mesogenic type in the electrolyte of the generator. Alkyls 
having from 6 to 20 carbon atoms or arylalkyl, in particular 
those comprising the biphenyl entity Which form liquid 
crystal phases, are particularly preferred. The conduction 
properties of the nematic, cholesteric or discotic liquid 
crystal phases thus constituted are to reduce the mobility of 
the anions of the electrolyte, in particular in polymer elec 
trolytes, Without affecting the mobility of the cations. This 
distinctive feature is important for electrochemical genera 
tors involving lithium cations. 

[0072] When a composition according to the invention is 
intended to be used as electrolyte of a lithium generator, the 
solvent is advantageously chosen from conventionally used 
polar aprotic liquid solvents. It can also be chosen from 
crosslinked or noncrosslinked solvating polar polymer sol 
vents carrying or not carrying grafted ionic groups. Use may 
also be made, as solvent, of a gel obtained by miXing a liquid 
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solvent and a polymer solvent. A poly(ethylene oxide) and 
a copolymer of ethylene oXide or of propylene oXide and of 
a crosslinkable monomer, such as allyl glycidyl ether and 
methyl glycidyl ether, are particularly advantageous. 

[0073] An ionic composition of the invention can also be 
used for the preparation of the cathode of a lithium genera 
tor. The material of the cathode then comprises an ionic 
composition of the invention, in Which the salt is an elec 
tronic conducting polymer. Mention may be made, by Way 
of eXample of such a salt, of: 

H 

N 

H 

= Q 

[0074] An ionic composition of the present invention can 
also be used as electrolyte of a supercapacitor. Another 
subject-matter of the present invention is consequently a 
supercapacitor using at least one carbon electrode With a 
high speci?c surface or one electrode comprising a redoX 
polymer, in Which the electrolyte is an ionic composition 
according to the present invention. 

[0075] The cation of the salt of the ionic composition used 
as electrolyte of a supercapacitor is preferably an ammo 
nium NH4+, a metal cation or an organic cation comprising 
a quaterniZed nitrogen atom. The preferred cations are Li, K, 
Ca, rare earths and the imidaZolium, triaZolium, pyridinium 
or 4-(dimethylamino)pyridinium ions. 

[0076] The salt of the ionic composition of the invention 
used as electrolyte of a supercapacitor is advantageously 
chosen from the salts in Which R, R‘ and XF have a loW atom 
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number, preferably of less than 3. The compounds in Which 
R and R‘ represent —CH3 or —N(CH3)2 and XF represents 
CF3— are particularly preferred. It can be advantageous to 
add a small proportion of ionic compounds in Which R 
and/or R‘ are long alkyl chains (n28) in order to act as 
surfactant and to improve the penetration of the liquid into 
the micropores of the carbon of the carbon electrode. 

[0077] The solvents are preferably chosen from those 
Which have a loW viscosity and Which confer a high con 
ductivity to the composition, for example acetonitrile, alkyl 
carbonates, or the ethylene carbonate and dimethoxyethane 
mixture. 

[0078] An ionic composition according to the present 
invention can be used as electrolyte of a fuel cell. For this 
speci?c application, the salt of the electrolyte is advanta 
geously chosen from the XF—SOX—C_-(Z) (Z‘) or 
XF—SOX—C_(Z) (YR) salts, the ?rst ones mentioned being 
preferred. 

[0079] The cation of the compound used in the electrolyte 
of a fuel cell is preferably a hydronium, an ammonium, a 
metal cation or an organic cation comprising a quaterniZed 
nitrogen atom (as partial replacement for hydronium). The 
preferred cations are H", H3O", Li", K", Ca++ or the imi 
daZolium, triaZolium, pyridinium and 4-(dimethylamino)py 
ridinium ions. 

[0080] The Z or Z‘ substituents of the ionic compound are 
preferably chosen from —(I>OCnF2n+1, —(I>OC2F4H, 
—(I>SCnF2n+1and —(I>SC2F4H, —CI>OCF=CF2, 
—(I>SCF=CF2, —C2F4H and CF2=CF—, n being an inte 
ger from 1 to 8. Such a salt is a precursor of stable monomers 
and polymers, in particular stable With respect to oxygen. 
The electrolyte thus exhibits high stability, even at tempera 
tures of greater than 80° C., When the salt is a polymer. 

[0081] An ionic composition of the present invention can 
be used as electrolyte in photoelectrochemical systems, in 
particular systems With conversion of light to electricity, and 
in systems for modulating light of electrochromic type. A 
photoelectrochemical device in Which the electrolyte is an 
ionic composition according to the invention is another 
subject-matter of the present invention. 

[0082] It is advantageous to use, as electrolyte, an ionic 
composition in Which the cation of the salt is H", H3O", Na”, 
K", NH4+, an imidaZolium, a triaZolium, a pyridinium or a 
4-(dimethylamino)pyridinium. When the electrophoto 
chemical device is a system for converting light to electricity 
or a system for modulating light of the electrochromic type, 
it is advantageous to use, in the electrolyte, a salt Which 
carries at least one R, R‘ or RH substituent comprising a 
redox couple, such as a disul?de, a thioamide, a ferrocene, 
a phenothiaZine, a bis(dialkylaminoaryl) group, a nitroxide 
or an aromatic imide. The electrolyte thus exhibits redox 
shuttle properties of use in ensuring the passage of current 
Without polariZation. When the cation of the ionic compound 
is an imidaZolium, a triaZolium, a pyridinium or a 4-(dim 
ethylamino)pyridinium, the ionic compound is molten at 
room temperature and exhibits a high ionic conductivity of 
greater than 10-3 S.cm_1. Acomposition comprising the said 
salt, the corresponding base (imidaZole, triaZole, pyridine or 
4-(dimethylamino)pyridine) and a poly(ethylene oxide), 
preferably of high mass or crosslinkable, constitutes an 
anhydrous protonic conducting polymer. 
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[0083] For an electrochromic device comprising dyes, use 
is made, as electrolyte, of a composition according to the 
invention in Which the salt is a compound having molten salt 
properties and Which additionally comprises supplementary 
dyes Which change color on passing from the oxidiZed state 
to the reduced state and vice versa. 

[0084] An ionic composition according to the invention 
can also be used as electroactive dye or electrolyte in a 
device for optical display. In this speci?c use, it is advan 
tageous to choose, for R, R‘ or RH, an alkyl, an aryl, an 
alkylaryl or an arylalkyl Which makes it possible to induce 
properties of mesogenic type in the ionic composition. 
Alkyls having from 6 to 20 carbon atoms or arylalkyl, in 
particular those comprising the biphenyl entity Which form 
liquid crystal phases are particularly preferred. 

[0085] An ionic composition of the present invention can 
also be used for the p or n doping of an electronically 
conducting polymer and this use constitutes another subject 
matter of the present invention. The anions of the salt of the 
ionic composition of the invention can act as countercharge 
to polycationic conjugated polymers, such as polyacetylene, 
polyprrole, polythiophene, polyparaphenylene, polyquino 
lines and their alternating copolymers With acetylene (ex. 
polyparaphenylenevinylene) and their derivatives of substi 
tution by alkyl, alkoxy or aryl groups and the like. option 
ally, the polymeriZation or the doping are carried out by the 
electrochemical route starting from the ionic compositions 
or by exchange of the anions of an already doped polymer 
by the anions of the ionic compositions. 

[0086] The anionic charge carried by one of the 
XF—SOX—C_(Z) (Z‘), XF—SOX—C_(YR) (Y‘R‘) or 
XF—SOX—C_(Z) (YR) anions exerts a stabiliZing effect on 
the electronic conductors of conjugated polymer type and 
the use of a composition comprising a salt carrying at least 
one Z, Z‘, R or R‘ substituent comprising a long alkyl chain 
makes it possible to render these polymers soluble in the 
usual organic solvents, even in the doped state. The grafting 
of these charges to the polymer itself gives polymers, the 
overall charge of Which is cationic, Which are soluble in 
organic solvents and Which exhibit, in addition to their 
stability, corrosion-resistant properties With respect to met 
als, aluminum and ferrous metals. Another subject-matter of 
the present invention is electronically conducting materials 
comprising an ionic composition of the present invention in 
Which the cationic part of the salt is a polycation composed 
of a “p”-doped conjugated polymer. The preferred salts for 
this application are those in Which one of the Z, Z‘, R or R‘ 
substituents comprises at least one alkyl chain having from 
6 to 20 carbon atoms. Mention may be made, by Way of 
example, of the compounds in Which R or R‘ is an alkyl 
radical. Mention may be also be made of the compounds in 
Which XF is RHCF2—, RHCF2CF2—, RHCF2CF(CF3)— or 
CF3C(RH)F—, in Which compounds RH— represents an 
alkyl radical. Mention may additionally be made of the 
compounds in Which Z represents an aromatic nucleus 
carrying an alkyl radical. 

[0087] It has been observed that the strong dissociation of 
the ionic species of the compounds of the invention is 
re?ected by stabiliZation of the carbocations, in particular of 
those in Which there exists conjugation With oxygen or 
nitrogen and, surprisingly, by a high activity of the proto 
nated form of the compounds of the invention With regard to 
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some monomers. Another subject-matter of the present 
invention is therefore the use of an ionic composition as 
photochemical or thermochemical initiator source of Bron 
sted acid catalyst of polymerization or of crosslinking of 
monomers or of prepolymers capable of reacting by the 
cationic route, as catalyst for various chemical reactions or 
as catalyst for the modi?cation of polymers. Preference is 
very particularly given, as catalyst for the chemical modi 
?cation of polymers, to the compositions in Which the cation 
of the salt is a proton, an oxonium, Li, Mg, Cu, a rare earth, 
trimethylsilyl, a ferrocene, a Zirconocene or a Zirconoin 
docene. 

[0088] The process for the polymeriZation or for the 
crosslinking of monomers or of prepolymers capable of 
reacting by the cationic route is characterized in that use is 
made of an ionic composition of the invention as photoini 
tiator, source of acid catalyZing the polymeriZation reaction. 
The ionic compositions according to the invention in Which 
the cation of the salt is a group possessing an —N=N+ or 
—N=N— linkage, a sulfonium group, an iodonium group 
or an areneferrocenium cation Which is substituted or unsub 

stituted, optionally incorporated in a polymeric backbone, 
are preferred. The compositions comprising a 2,2‘[AZobis(2 
2‘-imidaZolinio-2-yl)propane]2+ or 2,2‘-AZobis (2-amidinio 
propane)2+ salt are particularly suited as photothermal ini 
tiators. The compositions comprising an iodonium salt are 
particularly suited as photochemical initiator. Mention may 
be made, by Way of example of salts, of: 

[0089] The choice of the XF substituent, on the one hand, 
and of the R, R‘ or Z substituents, on the other hand, is made 
so as to enhance the compatibility of the salt With the 
solvents used for the reaction of the monomers or of the 
prepolymers and according to the properties desired for the 
?nal polymer. For example, the choice of unsubstituted alkyl 
radicals provides solubility in not very polar media. The 
choice of radicals comprising an oxa group or a sulfone Will 
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provide solubility in polar media. The radicals including a 
sulfoxide group, a sulfone group, a phosphine oxide group 
or a phosphonate group, obtained respectively by addition of 
oxygen to sulfur or phosphorus atoms, can confer, on the 
polymer obtained, improved properties as regards adhesion, 
gloss or resistance to oxidation or to UV radiation. The 
monomers and the prepolymers Which can be polymeriZed 
or crosslinked using the photoinitiators of the present inven 
tion are those Which can be subjected to cationic polymer 
iZation. 

[0090] Mention may be made, among the monomers, of 
monomers Which comprise a cyclic ether functional group, 
a cyclic thioether functional group or a cyclic amine func 
tional group, vinyl compounds (more particularly vinyl 
ethers), oxaZolines, lactones and lactams. 

[0091] Mention may be made, among the prepolymers, of 
the compounds in Which epoxy groups are carried by an 
aliphatic chain, an aromatic chain or a heterocyclic chain, 
for example glycidic ethers of bisphenol A ethoxylated by 3 
to 15 ethylene oxide units, siloxanes possessing side groups 
of the epoxycyclohexene-ethyl type Which are obtained by 
hydrosilylation of copolymers of dialkyl-, alkylaryl- or 
diarylsiloxane With methylhydrosiloxane in the presence of 
vinylcyclohexene oxide, condensation products of the sol 
gel type obtained from triethoxy- or trimethoxysilapropyl 
cyclohexene oxide, or urethanes incorporating the reaction 
products of butanediol monovinyl ether and of an alcohol 
With a functionality of greater than or equal to 2 With an 
aliphatic or aromatic di- or triisocyanate. 

[0092] The polymeriZation process according to the inven 
tion consists in mixing at least one monomer or prepolymer 
capable of polymeriZing by the cationic route and at least 
one ionic composition of the invention and in subjecting the 
mixture obtained to actinic radiation or P radiation. The 
reaction mixture is preferably subjected to the radiation after 
having been put into the form of a thin layer having a 
thickness of less than 5 mm, preferably into the form of a 
thin ?lm having a thickness of less than or equal to 500 pm. 
The duration of the reaction depends on the thickness of the 
sample and on the poWer of the source at the active Wave 
length )t. It is de?ned by the rate of forWard progression past 
the source, Which is betWeen 300 m/min and 1 cm/min. 
Layers of ?nal material having a thickness of greater than 5 
mm can be obtained by repeating the operation several 
times, Which operation consists in spreading a layer and in 
treating it With the radiation. 

[0093] The amount of composition acting as photochemi 
cal initiator used is generally betWeen 0.01 and 15% by 
Weight With respect to the Weight of monomer or of pre 
polymer, preferably betWeen 0.1 and 10% by Weight. 

[0094] An ionic composition of the present invention 
comprising a very loW, indeed even Zero, amount of solvent 
can be used as photochemical initiator, in particular When it 
is desired to polymeriZe liquid monomers in Which the salt 
of the ionic composition used as photochemical initiator is 
soluble or readily dispersible. This form of use is particu 
larly advantageous because it makes it possible to eliminate 
the problems related to solvents (toxicity, in?ammability). 

[0095] An ionic composition of the present invention can 
also be used as photochemical or thermochemical initiator in 
the form of a homogeneous solution in a solvent Which is 
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inert With respect to polymerization, Which solution is ready 
for use and readily dispersible, in particular in the case 
Where the medium to be polymerized or to be crosslinked 
exhibits a high viscosity. 

[0096] Mention may be made, as example of inert solvent, 
of volatile solvents, such as acetone, methyl ethyl ketone 
and acetonitrile. Mention may also be made of nonvolatile 
solvents, such as, for example, propylene carbonate, y-bu 
tyrolactone, ether-esters of mono-, di- or triethylene or 
-propylene glycols, ether-alcohols of mono-, di- or triethyl 
ene or -propylene glycols, diethers of mono-, di- or trieth 
ylene glycol and diethers of mono-, di- or propylene glycol, 
and plasticiZers, such as esters of phthalic acid or of citric 
acid. 

[0097] In order to irradiate the reaction mixture, the radia 
tion can be chosen from ultraviolet radiation, visible radia 
tion, X-rays, y-rays and [3 radiation. When ultraviolet light is 
used as actinic radiation, it can be advantageous to add, to 
the photochemical or thermochemical initiator of the inven 
tion, photosensitiZers intended to make possible ef?cient 
photolysis With less energetic Wavelengths than those cor 
responding to the absorption maximum of the photochemi 
cal or thermochemical initiator, such as those emitted by 
industrial devices ()tz300 nm for mercury vapor lamps, in 
particular). 
[0098] Among the various types of radiation mentioned, 
ultraviolet radiation is particularly preferred. On the one 
hand, its use is more convenient than the use of the other 
types of radiation mentioned. On the other hand, the pho 
tochemical initiators are generally directly sensitive to UV 
rays and the photosensitiZers become increasingly ef?cient 
as the difference in energy (6)») decreases. 

[0099] The ionic compounds of the invention can also be 
employed in combination With initiators of radical type 
Which are generated thermally or by the action of actinic 
radiation. It is thus possible to polymeriZe or to crosslink 
mixtures of monomers or of prepolymers comprising func 
tional groups With different modes of polymeriZation, for 
example monomers or prepolymers polymeriZing by the 
radical route and monomers or prepolymers polymeriZing by 
the cationic route. This possibility is particularly advanta 
geous in creating interpenetrating netWorks having physical 
properties different from those Which Would be obtained by 
simple mixing of the polymers resulting from the corre 
sponding monomers. 

[0100] Another subject-matter of the invention is the use 
of the ionic compositions of the invention in reactions for the 
chemical ampli?cation of photoresists for microlithography. 
During such a use, a ?lm of a material comprising a polymer 
and an ionic composition of the invention is subjected to 
irradiation. The irradiation leads to the formation of the acid 
by replacement of the cation M by a proton, Which catalyZes 
the decomposition or the conversion of the polymer. After 
decomposition or conversion of the polymer on the parts of 
the ?lm Which have been irradiated, the monomers formed 
or the converted polymer are removed and there remains an 
image of the unexposed parts. For this speci?c application, 
it is advantageous to use a composition of the invention 
Which is provided in the form of a polymer comprised 
essentially of styrenyl repeat units carrying an XF—SOX— 
C- ionic substituent in Which the cationic part is an iodo 
nium or a sulfonium. These compounds make it possible to 
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obtain, after photolysis, products Which are not volatile and 
therefore neither corrosive nor odorous When sul?des are 
produced from the decomposition of the sulfonium. Mention 
may in particular be made, among polymers Which can thus 
be modi?ed in the presence of a compound of the invention, 
of polymers comprising ester units or aryl tert-alkyl ether 
units, for example poly(phthalaldehydes), polymers of 
bisphenol A and of a diacid, poly(tert-butoxycarbonyloxy 
styrene), poly(tert-butoxy-ot-methyl-styrene), poly(di-tert 
butyl fumarate-co-allyltrimethyl-silane) and polyacrylates 
of a tertiary alcohol, in particular poly(tert-butyl acrylate). 
Other polymers are described in J. V. Crivello et al., Chem 
istry of Materials, 8, 376-381 (1996). 

[0101] In the salts of the compositions of the present 
invention, the ion pairs exhibit a very strong dissociation, 
Which makes possible the expression of the intrinsic cata 
lytic properties of the Mrn+ cation, the active orbitals of 
Which are readily exposed to the substrates of the reaction, 
in various media. The majority of the important reactions of 
organic chemistry can thus be carried out under conditions 
Which are not very restrictive, With excellent yields and the 
ability to separate the catalyst from the reaction mixture. The 
demonstration of asymmetric induction by the use of an 
ionic composition according to the invention comprising a 
salt Which carries a chiral group is particularly signi?cant 
because of its generality and its ease of implementation. It 
should be noted that chiralper?uorinated molecules 
[(RFSO2)3C]_1/mMrn+ are unknoWn and Would only exhibit 
a negligible optical activity, due to the loW polariZability of 
the per?uorinated groups. Another subject-matter of the 
present invention is consequently the use of the composi 
tions of the invention as catalysts in Friedel-Craft reactions, 
Diels-Alder reactions, aldol reactions, Michael additions, 
allylation reactions, pinacol coupling reactions, glycosila 
tion reactions, ring opening reactions of oxetanes, methathe 
sis reactions of alkenes, polymeriZations of Ziegler-Natta 
type, polymeriZations of the methathesis type by ring open 
ing and polymeriZations of the methathesis type of acyclic 
dienes. The preferred ionic compositions of the invention for 
use as catalyst for the above reactions are those in Which the 
cation of the salt is chosen from H, lithium, magnesium, 
transition metals in the divalent or trivalent state, rare earths, 
platinoids and their organometallic couples, in particular 
metallocenes. Compositions comprising a salt having an 
optically active R, R‘ or Z substituent are particularly 
effective in enantioselective catalysis. 

[0102] The compositions of the invention can also be used 
as solvent for carrying out chemical, photochemical, elec 
trochemical or photoelectrochemical reactions. For this spe 
ci?c use, preference is given to the ionic compositions in 
Which the salt has a cation of the imidaZolium, triaZolium, 
pyridinium or 4-(dimethylamino)pyridinium type, the said 
cation optionally carrying a substituent on the carbon atoms 
of the ring, and an anion in Which the substituents have a loW 
number of carbon atoms, preferably of less than or equal to 
4. Preference is very especially given, among these salts, to 
those Which have a melting point of less than 150° C., more 
particularly of less than 100° C. The amount of solvent can 
then be minimiZed. Use may also be made of a composition 
comprising a salt of a solvated metal cation, for example 
solvated by a polyethylene glycol preferably having a mass 
of less than 1000. 
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[0103] Dyes of cationic type (cyanines) are increasingly 
frequently used as sensitiZers for photographic ?lms, for the 
optical storage of information (Write-accessible optical 
disks) or for lasers. The tendency of these conjugated 
molecules to stack together When they are in solid phases 
limits their use, as a result of variations in the optical 
properties in comparison With the isolated molecule. The use 
of ionic compositions of the invention for the manufacture 
of cationic dyes, the counterions of Which, optionally 
attached to this same molecule, correspond to the function 
alities of the invention, makes it possible to reduce the 
phenomena of aggregation, including in polymer solid 
matrices, and to stabilize these dyes. Another subject-matter 
of the present invention is the use of an ionic composition 
according to the invention as cationic dye composition. The 
particularly preferred ionic compositions for this application 
are those Which comprise a salt in Which the negative charge 
or charges of the XF—SOX—C_(Z) (Z‘), XF—SOX—C_(YR) 
(Y‘R‘) or XF—SOX—C_(Z) (YR) anionic group are either 
attached to the dye molecule or constitute the counterion of 
the positive charges of the dye. Mention may be made, by 
Way of example of such compounds, of the folloWing 
compounds: 

sozcex+ 

[0104] The present invention is described in more detail 
by the folloWing examples, to Which it is not, hoWever, 
limited. 
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EXAMPLE 1 

[0105] 100 mmol of bis(chlorosulfonyl)methane 
(ClSO2)2CH2, prepared according to the method of Fild and 
Rieck (Chem. Ztg., 100, 1976, 391), Were sloWly added to 
200 ml of a 5M dimethylamine solution. After stirring for 
tWo hours, the Water Was evaporated and the residue Was 
taken up in ether. After evaporating the ether, the bis(dim 
ethylaminosulfonyl)methane ((CH3)2NSO2)2CH2 Was puri 
?ed by sublimation. 20 mmol of (CH3)2NSO2)2CH2 and 20 
mmol of sodium hydride, portionWise, Were then added to 
20 ml of tetrahydrofuran. After one hour, 20 mmol of 
tri?uoromethanesulfonylimidaZole (sold by Fluka) Were 
added. After stirring for 24 hours, the solvent Was evapo 
rated, the residue Was then taken up in ethanol and 25 mmol 
of KZCO3 Were added. After ?ltering and evaporating the 
suspension, the potassium salt [(CH3)2NSO2]2C(K)SO2CF3 
Was recrystalliZed from Water. This salt Was subsequently 
treated With a stoichiometric amount of lithium chloride in 
tetrahydrofuran. The corresponding lithium salt Was thus 
obtained: 

[0106] This salt exhibits excellent solubility in the usual 
organic solvents (tetrahydrofuran, acetonitrile, dimethylfor 
mamide, ethyl acetate, glymes, and the like) and in aprotic 
solvating polymers, such as poly(ethylene oxide). A solution 
of the salt in poly(ethylene oxide) at a concentration O/Li= 
12/1 exhibits an ionic conductivity of greater than 10'4 
S.cm_1 at 60° C. A concentrated solution of this salt in 
acetone can be used for the catalysis of Diels-Alder reac 
tions. 

[0107] A generator according to the lithium-polymer tech 
nology Was prepared by using an anode made of metallic 
lithium, an electrolyte composed of an ethylene oxide, allyl 
glycidyl ether and methyl glycidyl ether terpolymer com 
prising this lithium salt at a concentration O/Li=20/1 and a 
composite cathode based on vanadium oxide (40% by 
volume), on carbon black (5% by volume) and on an 
electrolyte identical to that described above (50% by vol 
ume) . This generator gave a cycling pro?le at 60° C. 
equivalent to that obtained by using lithium bis(tri?uo 
romethane-sulfonyl)imide (LiTFSI), Which is one of the 
commonest salts in this application. 

EXAMPLE 2 

[0108] 20 mmol of potassium tri?inate CF3SO2K (sold by 
Parish Chemicals, Utah, USA) and 20 mmol of 4-bromo-1 
bromomethylenebenZene BrCH2C6H4Br Were added to 20 
ml of anhydrous tetrahydrofuran. After stirring for 24 hours, 
a potassium bromide precipitate Was formed, Which precipi 
tate Was removed by ?ltration. 40 mmol of sodium hydride 
NaH Were then added portionWise, folloWed, after stirring 
for one hour, by a catalyst tetrakis(triphenylphosphine)PdO 
(2 mol %). The reaction mixture Was then stirred for 48 
hours and then precipitated from a saturated aqueous potas 
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sium chloride solution. The following product Was then 
obtained: 

[0109] 10 mmol of the polymer obtained Were subse 
quently doped by treatment With 2.5 mmol of diacetatoio 
dosobenZene (CH3CO2)2IC6H5 (sold by Lancaster) in 10 ml 
of dimethylformamide. After ?ltering and evaporating the 
solvent, an electronically conducting polymer (ECP) With 
anionic doping Was obtained exhibiting a conductivity of the 
order of 6 S.cm_1, determined by a four point measurement. 
This conductivity exhibits good stability in a Wet medium. 

[0110] The polymer compound of the present example is 
a good inhibitor of corrosion of aluminum and ferrous 
metals in acidic or chloride medium. The treatment of the 
surfaces to be protected is carried out simply by deposition 
of a solution of the ECP in a mixture of Water and dimeth 
ylformamide, in the form of a paint, and then drying and a 
heat treatment at 100° C. This polymer compound has also 
made it possible to obtain adherent conducting coatings, the 
conductivity of Which is stable in air, on plastics treated by 
the Corona effect. 

[0111] The polymer ionic compound of the present 
example can also be used for the preparation of the cathode 
of a battery. The cathode is a composite cathode comprising 
the polymer salt obtained in the present example (40% by 
volume) and a poly(ethylene oxide) With a mass of 3x105. 
The electrolyte is a poly(ethylene oxide) ?lm With a mass of 
5><10° comprising the lithium salt of bis(tri?uoromethane 
sulfonyl)imide at a concentration O/Li=20/1. The anode is 
metallic lithium. After having assembled the combination in 
a button cell case, this battery Was cycled at a temperature 
of 60° C. betWeen 2 V and 3.9 V. More than 500 charging/ 
discharging cycles could be carried out While retaining 70% 
of the capacity of the ?rst cycle. 

EXAMPLE 3 

[0112] 20 mmol of potassium tri?inate CF3SO2K and 20 
mmol of 1-dimethylaminosulfonyl-1-bromomethane 
MeZNSOZCHZBr, prepared from ClSOZCHZBr (sold by 
Lancaster), Were added to 20 ml of anhydrous pyridine. 
After stirring for 24 hours, the pyridine Was evaporated and 
the residue Was taken up in 30 ml of a 4M hydrochloric acid 
solution. The aqueous phase Was subsequently extracted 
With ether, the extract Was dried over magnesium sulfate, the 
ether Was then evaporated and the residue Was sublimed. 
The compound MeZNSOZCHZSOFCF3 Was thus recovered. 
This compound Was stirred in the presence of potassium 
phosphate K3PO4 in tetrahydrofuran for 24 hours. After 
?ltering and evaporating the solvent, the potassium salt of 
MeZNSOZCHZSOZCF3 Was then obtained. 10 rmol of this 
potassium salt Were introduced into 15 ml of tetrahydrofu 
ran, folloWed by 10 mmol of l chloride (sold by Monomer 
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Polymer & Dajac Laboratories). After 24 hours, 10 mmol of 
lithium chloride Were added and then the reaction mixture 
Was stirred for 6 hours. After ?ltering and evaporating the 
solvent, the folloWing product Was obtained: 

[0113] 6 mmol of this salt, 4 mmol of acrylonitrile and 100 
pmol of 1,1‘-aZobis(cyclohexanecarbonitrile) Were dissolved 
in 20 ml of anhydrous tetrahydrofuran and degassing Was 
carried out by ?ushing With dry argon. The acrylonitrile Was 
then copolymeriZed With the styrene derivative under argon 
by heating the reaction mixture at 60° C. for 48 hours. After 
cooling, the solution Was concentrated and then the polymer 
Was recovered by reprecipitating from ether. The folloWing 
copolymer Was thus obtained: 

0,6 

[0114] Ethylene carbonate (EC) and propylene carbonate 
(PC) Were introduced into this copolymer in the folloWing 
proportions, expressed as percentage by Weight:copolymer 
30%, EC 35% and PC 35%, and a polyelectrolyte Was 
obtained in the form of a gel. This gel exhibits good 
mechanical properties and a conductivity of greater than 
10 S.cm_1 at 30° C. The cationic transport number in this 
electrolyte is 0.85. 

[0115] An electrochemical generator Was assembled by 
using, as anode, a carbon coke (80% by volume) mixed With 
the copolymer of the present example (20% by volume). The 
electrolyte is the gel copolymer described above. The cath 
ode is a composite cathode comprising carbon black (6% by 
volume), LiNiO2 (75% by volume) and the copolymer of the 
present example (20% by volume). This generator gave 
good performances on cycling at 25° C. After 500 charging/ 
discharging cycles betWeen 3 and 4.2 V, a capacity of greater 
than 75% of the capacity of the ?rst cycle Was observed. In 
addition, the generator exhibits very good performances 
during taking up of poWer, due to the use of ?xed anions, 
Which also improved the change in the interfacial resistance. 

[0116] FolloWing an equivalent process, a polyanion Was 
also synthesiZed comprising 3 mol % of the lihtium salt and 
97 mol % of acrylonititrile. This copolymer made it possible 
to induce antistatic properties in polyacrylonitrile ?bers. 
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EXAMPLE 4 

[0117] 40 mmol of potassium hydride Were slowly added, 
under argon, to a solution of 20 mmol of 1,3-dithiolane-1, 
1,3,3-tetraoxide (prepared according to the Gibson method : 
J. Chem. Soc., 1930, 12) in 20 ml of anhydrous tetrahydro 
furan. After stirring for one hour, 30 mmol of tri?uo 
romethanesulfonyl ?uoride (sold by Apollo, United King 
dom) Were bubbled through over a period of one hour. After 
stirring for 24 hours, the reaction mixture Was ?ltered, the 
solvent evaporated and the residue dried. The folloWing 
potassium salt Was thus obtained: 

[0118] 10 mmol of this potassium salt Were dissolved in 10 
ml of anhydrous tetrahydrofuran. 10 mmol of lithium 
hydride Were then added under argon and portionWise, 
folloWed by 10 mmol of (chloropropyl)triethoxysilane (sold 
by Fluka). After 24 hours, the reaction mixture Was ?ltered, 
in order to remove the potassium chloride precipitate 
formed, and then the solvent Was evaporated. The folloWing 
product Was thus obtained: 

Et 

[0119] A solution of this lithium salt With O—[2-(tri 
methoxysilyl) ethyl)-O‘-methylpolyethylene glycol With a 
mass of 5000 (sold by ShearWaters Polymers) (3:1 in moles) 
Was prepared in a Water/methanol mixture. A glass plate, 
etched With nitric acid and then dried at 100° C., Was 
subsequently dipped in the solution for a feW minutes. After 
rinsing With methanol and drying, a surface conductivity of 
3><10_=S(square) Was measured, sufficient to give antistatic 
properties to the surface of the glass. 

EXAMPLE 5 

[0120] By proceeding as in Example 1, but replacing 
dimethylamine by dibutylamine, the potassium salt 
[(C4H9)2NSO2]2CKSO2CF3 Was prepared. 5 mmol of this 
potassium salt and 5 mmol of diphenyliodonium chloride 
(C6H5)2ICl Were subsequently been stirred together for 24 
hours in Water. After extracting the aqueous phase With 
dichloromethane, evaporating the dichloromethane and dry 
ing, the folloWing product Was recovered: 
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[0121] This salt makes it possible to initiate, under the 
effect of actinic radiation (light, y-rays or electron beams), 
the cationic crosslinking reaction of electron-rich monomers 
(vinyl ethers, alkyl vinyl ethers, and the like) It is soluble in 
the majority of the usual organic solvents (tetrahydrofuran, 
acetonitrile, dimethylformamide, ethyl acetate, glymes, and 
the like) and in aprotic solvating polymers, such as poly 
(ethylene oxide). It is also soluble to more than 10% by 
Weight in reactive solvents, such as triethylene glycol divi 
nyl ether, in contrast, for example, to the bis(tri?uo 
romethanesulfonyl)imide salt of diphenyliodonium. This 
salt Was used as photochemical initiator in the polymeriZa 
tion of triethylene glycol divinyl ether. 1% by Weight of the 
salt Was dissolved in the triethylene glycol divinyl ether and 
the irradiation Was carried out With U. V. radiation at 254 nm 

With a poWer of 1900 mW/cm . After a feW seconds, the 
reactive solvent set solid, the reaction being highly exother 
m1c. 

EXAMPLE 6 

[0122] 50 mmol of the potassium salt 
((CH3)2NSO2)2CKSO2CF3, prepared according to the pro 
cedure of Example 1, Were coground in an agate mortar in 
a glove box With 17.27 g (150 mmol) of ammonium hydro 
gensulfate HSO4NH4 (sold by Aldrich). The acidic form 
[(CH3)2NSO2]2CHSO2CF3 Was recovered by sublimation 
under ultrahigh vacuum at 80° C. 

[0123] 20 mmol of [(CH3)2NSO2]2CHSO2CF3 Were 
added to a solution of 20 mmol of imidaZole in 15 ml of 
ether and then, after stirring for 24 hours, evaporating the 
ether and drying, the imidaZolium salt Was obtained: 

[0124] Grinding, in a glove box, a mixture of imidaZole 
and of the imidaZolium salt in a 1/2 molar ratio made it 
possible to obtain a composition having a melting tempera 
ture beloW room temperature. This molten salt exhibits a 
high protonic conductivity of greater than 10'3 S.cm_1 at 60° 
C. The addition to the molten salt of poly(ethylene oxide), 
preferably of high mass or Which can subsequently be 
crosslinked, makes it possible to obtain an anhydrous pro 
tonic conducting polymer electrolyte, Without loss of con 
ductivity. 
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[0125] Such a polymer electrolyte is particularly advan 
tageous in the preparation of systems for modulating light, 
such as electrochromic glaZings or electrochromic systems 
comprising dyes. Amembrane Which is optically transparent 
in the visible region and Which has a good mechanical 
behavior Was thus obtained by using a polymer electrolyte 
composed of 80% by Weight of the above molten salt and of 
20% by Weight of poly(ethylene oxide) With a mass MW=5>< 
106. An electrochromic system Was subsequently prepared, 
in a glove box, using this electrolyte con?ned betWeen a ?rst 
electrode, composed of the deposition on a glass plate of a 
layer of hydrogenated iridium oxide HxIrO2 and of a con 
ducting sublayer of tin oxide, and a second electrode, 
composed of a layer of tungsten trioxide WO3 and of a 
conducting sublayer of tin oxide. This electrochromic sys 
tem makes possible a variation in the optical absorption 
varying from 80% (decolored state) to 30% (colored state) 
and good performances in cycling. More than 20,000 col 
oration/decoloration cycles Were carried out. 

[0126] An electrochromic system Was also prepared by 
dissolving tWo complementary dyes in the molten salt 
described above. 1.62 g (5 mmol) of the imidaZolium salt of 
(tri?uoromethanesulfonyl)[bis(dimethylamino-sulfonyl)] 
methide Were coground in a glove box With 1.02 g of 

imidaZole (15 mmol). 16.5 mg (50 pmol) of the leuco form 
of malachite green (colorless reduced state) and 29.5 mg (50 
pmol) of the 3-(4,5-dimethylthiaZolyl-2-yl)-2,5-diphenyl 
2H-tetraZolium (MTT) salt 
nyl(dimethylaminosulfonyl)imide (colorless oxidiZed state, 
obtained by ionic exchange in Water from the bromide) Were 
then added. 5% by Weight of poly(ethylene oxide) With a 
mass MW=3><105 Were then added. The gel obtained Was 
deposited betWeen tWo glass plates covered With a conduct 
ing layer of tin oxide (SnO2) After pressing under vacuum, 
in order to homogeniZe the coating, and sealing, in order to 
render it leaktight, an electrochromic system comprising 
dyes Was obtained. A potential of 1300 mV Was applied to 
the system using a potentiostat. The system then became 
colored, the oxidiZed form of the malachite green and the 
reduced form of the MTT each exhibiting an intense absorp 
tion band in the visible region. By applying a potential of 
—500 mV, a relatively fast decoloration of the system Was 
observed (less than 60 s). Such an electrochromic system is 
easy to employ, even for large devices (greater than one m2) 
Which use both glass and a suitably treated polymer as 

conducting transparent electrode. Furthermore, the energy 
necessary to retain the coloration is relatively loW, less than 
1 W/m2. 

of tri?uoromethanesulfo 

EXAMPLE 7 

[0127] 20 mmol of the potassium salt 
((CH3)2NSO2)2CKSO2CF3, prepared according to the pro 
cedure of Example 1, and 22 mmol of 1-ethyl-3-methyl-1 
H-imidaZolium chloride (10% excess, sold by Aldrich) Were 
mixed in Water. A denser liquid phase than the Water Was 
obtained and Was recovered by extraction With dichlo 
romethane. After evaporating the dichloromethane and dry 
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ing the liquid obtained under vacuum at 40° C., the folloW 
ing molten salt Was obtained: 

[0128] This molten salt exhibits a conductivity of greater 
than 10'3 S.cm_1 and a freeZing point of less than 25° C. Its 
broad range of redox stability makes it a particularly advan 
tageous electrolyte in electrochemical generators, such as 
lithium batteries, supercapacitors, systems for modulating 
light or photovoltaic cells. 

[0129] An electrochemical photovoltaic cell similar in 
principle to that disclosed in European Patent EP 613,466 
Was prepared by assembling a system composed of tWo 
electrodes separated by an empty space With a thickness of 
30 pm. The ?rst electrode Was coated With a layer of 
nanoparticles of titanium dioxide TiO2 With a thickness of 
0.25 pm, on Which layer Was adsorbed 1,3-phenylsulfonyl 
(tri?uoromethanesulfonyl-dimethyl-aminosulfonyl)methane 
rhodamine B as sensitiZer. The space betWeen the electrodes 
Was ?lled With an electrolyte composed of the molten salt 
into Which had been introduced 10% by Weight of methyl 
hexylimidaZolium iodide and 10 mmol of iodine. This 
photovoltaic cell gave advantageous performances, in par 
ticular a short circuit current of 103 yAcm‘2 and a non 
Working voltage of 552 mV. 

[0130] The modi?ed rhodamine B used above Was 
obtained in the folloWing Way: 

[0131] 5 mmol of the potassium salt of tri?uoromethane 
sulfonic acid CF3SO3K Were added to 5 mmol of sulfor 
hodamine B (sold by Aldrich) in 15 ml of anhydrous 
dimethylformamide. After stirring for tWo hours, 10 mmol 
of oxalyl chloride ClCOCOCl, in solution in 10 ml of 
anhydrous dichloromethane, Were sloWly added. The reac 
tion Was continued overnight under argon and then 20 mmol 
of the potassium salt (CH3)2NSO2CHKSO2CF3, prepared as 
in Example 3, Were added. After 48 hours, the dimethylfor 
mamide Was evaporated and the residue Was recrystalliZed 
from 40 ml of Water. After ?ltering and drying, the expected 
product Was obtained: 

CH2CH3 

[0132] A supercapacitor Was also prepared by using the 
molten salt of the present example as electrolyte and, as 
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electrodes, carbon/aluminum composite electrodes. The 
electrodes, With a thickness of 150 pm, Were placed on either 
side of a microporous polyethylene ?lm With a thickness of 
40 pm and the complete system sealed, in a glove box, in a 
button cell case. The supercapacitor thus obtained made it 
possible to carry out more than 100,000 charging/discharg 
ing cycles betWeen 0 and 2.5 V for an energy density of 
greater than 25 Wh/l and a delivered poWer of greater than 
1500 W/l. 

[0133] The lithium salt [(CH3)2NSO2]2CLiSO2CF3, pre 
pared according to the procedure of Example 1, Was dis 
solved in the molten salt of the present example at a 
concentration of 0.5M. The composition thus obtained Was 
used as electrolyte in a battery comprising an anode based on 
lithium titanate Li4Ti5O12 and a mixed cathode of cobalt and 
lithium LiCoO2. This battery gave performances equivalent 
to [lacuna] a similar battery comprising a liquid electrolyte 
based on the ethylene carbonate/methyl carbonate (50/50 
v/v) mixture comprising 1M LiPF6 as salt. 

EXAMPLE 8 

[0134] The lanthanum salt [(CH3)2NSO2]2C(1/3La3+ 
)so2CF3 Was obtained by treating the potassium salt obtained 
in Example 1 With a stoichiometric amount of lanthanum 
perchlorate La(ClO4)3 in acetonitrile. After ?ltering in order 
to remove the potassium perchlorate precipitate KClO4 and 
evaporating the solvent, the lanthanum salt Was recovered 
quantitatively. 

[0135] This salt Was used as catalyst of a Diels-Alder 
reaction, namely the reaction of methyl vinyl ketone With 
cyclopentadiene, according to a procedure similar to that 
described by Kobayashi, Nie & Sonoda (Synlett. (1996), 
171-172) for lanthanum salts of bis(per?uorosulfonyl)imide. 

COCH3 Catalyseur 
+ —> If CHZCIZ 

+ cocH3 

COCH3 

[0136] 200 pmol of the lanthanum salt Were added to a 
solution, in 10 ml of dichloromethane, of freshly distilled 
cyclopentadiene (10 mmol) and of methyl vinyl ketone. 
After 24 hours at room temperature, the reaction mixture 
Was ?ltered in order to remove the suspended catalyst. A 
reaction yield, determined by gas chromatography, of 
greater than 90% Was obtained. 

EXAMPLE 9 

[0137] 20 mmol of moniliformin (sold by Sigma) Were 
treated With 20 mmol of lithium hydride in 20 ml of 
anhydrous tetrahydrofuran. After stirring for 2 hours, 25 
mmol of tri?uoromethanesulfonyl ?uoride (sold by Apollo, 
United Kingdom) Were bubbled through over a period of one 
hour. After stirring for 24 hours, the reaction mixture Was 
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?ltered, the solvent evaporated and the residue dried. The 
folloWing lithium salt Was thus obtained: 

9 

0 Li" SO2CF3 

[0138] This solvent exhibits good solubility in the usual 
organic solvents (tetrahydrofuran, acetonitrile, dimethylfor 
mamide, ethyl acetate, glymes, and the like) and in aprotic 
solvating polymers, such as poly(ethylene oxide). 

1. Ionic composition comprising at least one ionic com 
pound in solution in a solvent, the said compound compris 
ing an anionic part associated With at least one cationic part 
Mrn+ in a number suf?cient to ensure the electronic neutral 
ity of the combination, the said composition being charac 
teriZed in that it has a conductivity of greater than 10-5 
S.cm_1 at a temperature of betWeen —30° C. and 150° C., in 
that Mrn+ is a proton, a hydronium, a hydroxonium, a 
nitrosonium NO", an ammonium —NH4+ or a cation having 
the valency m chosen from metal cations, organic cations 
and organometallic cations, and in that the anionic part 
corresponds to one of the formulae XF—SOXC_(Z) (Z‘), 
XF—SOX—C_(YR) (Y‘R‘) or XF—SOX—C_(Z) (YR) in 
Which: 

XF represents a monovalent or multivalent radical chosen 
from the group consisting of linear, branched or cyclic 
perhalogenated radicals of the alkyl, alkylaryl, oxa 
alkyl, aZa-alkyl, thia-alkyl, alkenyl, oxa-alkenyl, aZa 
alkenyl, thia-alkenyl or dialkylaZo type or from the 
group consisting of organic radicals in Which the car 
bon 0t to the SOX group carries at least one F atom, it 
being understood that a multivalent XF radical is con 
nected to more than one —SOXC— group; 

Z and Z‘ represent, independently of one another, a 
monovalent or multivalent electron-Withdrawing radi 
cal, it being understood that a multivalent Z or Z‘ 
radical can be connected to several —C_SOX—XF 
groups; 

Y or Y‘ represent a sulfonyl, sul?nyl, carbonyl or phos 
phonyl group; 

R is a monovalent or multivalent organic radical and R‘ is 
H or a monovalent or multivalent organic radical, R and 
R‘ being other than a per?uoroalkyl When x=2; 

it being understood that each of the substituents R, R‘, Z 
or Z‘ can form part of an aromatic or nonaromatic ring 
or of a polymer and that each of the substituents XF, R, 
R‘, Z or Z‘ can be connected to a substituent XF, R, R‘, 
Z or Z‘ carried by the same anionic center C- or by 
another anionic center. 

2. Ionic composition according to claim 1, characteriZed 
in that the cation of the ionic compound is a metal cation 
chosen from alkali metal cations, alkaline earth metal cat 
ions, transition metal cations in the divalent or trivalent 
state, and rare earth cations. 

3. Ionic composition according to claim 1, characteriZed 
in that the cation of the ionic compound is an organometallic 
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cation or a cation of a transition metal compleXed by ligands 
of phosphine type, the said cation optionally forming part of 
a polymer chain. 

4. Ionic composition according to claim 1, characteriZed 
in that the cation of the ionic compound is an organic cation 
chosen from the group consisting of the R“3O+(onium), 
NR“ 4+(ammonium), R“ C(NHR“2)2+(amidinium), 
C(NHR“2)3+(guanidinium), C5R“6N+(pyridinium), 
C3R“5N2+(imidaZolium), C2R“4N3+(triaZolium), C3R“7N2+ 
(imidaZolinium), SR“3+(sulfonium), PR“4+(phosphonium), 
IR“2+(iodonium) or (C6R“5)3C+(carbonium) cations, the R“ 
radicals independently representing H or a nonper?uori 
nated organic radical. 

5. Ionic composition according to claim 4, characteriZed 
in that the R“ radicals, Which are identical or different, are 
chosen from the group consisting of: 

the proton, alkyl, alkenyl, oXa-alkyl, oXa-alkenyl, aZa 
alkyl, aZa-alkenyl, thia-alkyl, thia-alkenyl, optionally 
hydrolyZable sila-alkyl or optionally hydrolyZable sila 
alkenyl radicals and dialkylaZo radicals, it being pos 
sible for the said radicals to be linear, branched or 
cyclic; 

cyclic or heterocyclic radicals optionally comprising at 
least one side chain comprising heteroatoms, such as 
nitrogen, oXygen or sulfur; 

aryls, arylalkyls, alkylaryls and alkenylaryls, optionally 
comprising heteroatoms in the aromatic nucleus or in a 

substituent; 

groups comprising several condensed or noncondensed, 
aromatic or heterocyclic nuclei, optionally comprising 
at least one nitrogen, oXygen, sulfur or phosphorus 
atom. 

6. Ionic composition according to claim 4, characteriZed 
in that the cation carries at least tWo R“ radicals other than 
H, these radicals optionally together forming an aromatic or 
nonaromatic ring encompassing or not encompassing the 
center carrying the cationic charge. 

7. Ionic composition according to claim 4, characteriZed 
in that the cationic group is polycationic. 

8. Ionic composition according to claim 4, characteriZed 
in that the cation is a cationic heterocycle of aromatic nature 
comprising at least one quaterniZed nitrogen atom in the 
ring. 

9. Ionic composition according to claim 8, characteriZed 
in that the cation is chosen from the group consisting of 
imidaZolium, triaZolium, pyridinium and 4-(dimethylami 
no)pyridinium and of the said cations optionally carrying a 
substituent on the carbon atoms of the ring. 

10. Ionic composition according to claim 4, characteriZed 
in that the cation possesses an —N=N— or —N=N+ 
linkage, a sulfonium group, an iodonium group or an are 

neferrocenium cation Which is substituted or unsubstituted, 
optionally incorporated in a polymeric backbone. 

11. Ionic composition according to claim 4, characteriZed 
in that the cation comprises a 2,2‘[AZobis(2-2‘-imidaZolinio 
2-yl)propane]2+or 2,2‘-AZobis(2-amidiniopropane)2+group. 

12. Ionic composition according to claim 1, characteriZed 
in that XF is a perhalogenated alkyl radical having from 1 to 
12 carbon atoms or a perhalogenated alkylaryl radical hav 
ing from 6 to 9 carbon atoms, it being possible for the said 
radicals to comprise an O, N or S heteroatom betWeen tWo 
carbon atoms or at the end of the radical. 
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13. Ionic composition according to claim 1, characteriZed 
in that XF is chosen from the group consisting of RHCF2—, 
RHCF2CF2—, RHCF2CF(CF3)— and CF3C(RH) F—, RH 
representing a nonperhalogenated organic radical. 

14. Ionic composition according to either of claims 1 and 
13, characteriZed in that R, R‘ or RH are chosen, indepen 
dently of one another, from the group consisting of alkyl, 
alkenyl, oXa-alkyl, oXa-alkenyl, aZa-alkyl, aZa-alkenyl, thia 
alkyl, thia-alkenyl and dialkylaZo radicals having from 1 to 
24 carbon atoms or of aryl, arylalkyl, alkylaryl and alkeny 
laryl radicals having from 5 to 24 carbon atoms, it being 
possible for the said radicals optionally to be completely or 
partially ?uorinated, R and R‘ being other than a per?uoro 
salkyl When XFSOX is a per?uoroalkylsufonyl. 

15. Ionic composition according to claim 1, characteriZed 
in that tWo R and R‘ substituents together form a divalent 
radical connected to a Y group and a Y‘ group. 

16. Ionic composition according to either of claims 1 and 
13, characteriZed in that R, R‘ or RH represent, indepen 
dently of one another, an alkyl radical having from 1 to 12 
carbon atoms or an alkenyl radical having from 2 to 12 
carbon atoms and optionally comprising at least one O, N or 
S heteroatom in the main chain or in a side chain and/or 
optionally carrying a hydroXyl group, a carbonyl group, an 
amine group, an alkoXysilane group or a carboXyl group. 

17. Ionic composition according to either of claims 1 and 
13, characteriZed in that R and R‘ together form a biradical 
connected, at each of its ends, to an —SO2—C_SO2XF 
anionic group. 

18. Ionic composition according to either of claims 1 and 
13, characteriZed in that an R, R‘ or RH substituent is a 
polymer radical. 

19. Composition according to claim 1, characteriZed in 
that an R or R‘ substituent is a repeat unit of a polymer. 

20. Composition according to either of claim 1 and 13, 
characteriZed in that an R, R‘ or RH substituent possesses at 
least one anionic ionophoric group and/or at least one 
cationic ionophoric group. 

21. Composition according to either of claim 1 and 13, 
characteriZed in that an R, R‘ or RH substituent comprises at 
least one ethylenic unsaturated and/or one condensable 
group and/or one group dissociable by the thermal route, by 
the photochemical route or by ionic dissociation. 

22. Composition according to either of claim 1 and 13, 
characteriZed in that an R, R‘ or RH substituent comprises a 
mesomorphic group, a chromophoric group, a self-doped 
electronic conducting polymer or a hydrolyZable alkoXysi 
lane. 

23. Composition according to either of claim 1 and 13, 
characteriZed in that an R, R‘ or RH substituent comprises a 
group capable of scavenging free radicals, a dissociating 
dipole, a redoX couple, a compleXing ligand, an optically 
active group, or an optically or biologically active polypep 
tide. 

24. Ionic composition according to claim 1, characteriZed 
in that Z or Z‘ is chosen from the group consisting of —CN, 
—NO2, —SCN, —N3, —CF3, R‘FCH2—(R‘F being a per 
?uorinated radical), CF2=CFO—, CF2=CF—S—, 
CF2=CF—, —C2F4H, ?uoroalkyloXy radicals, per?uoro 
alkyloXy radicals, ?uoroalkylthioXy radicals and per?uoro 
alkylthioXy radicals. 

25. Ionic composition according to claim 1, characteriZed 
in that Z or Z‘ is a radical comprising one or more aromatic 
nuclei optionally comprising at least one nitrogen, oxygen, 
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sulfur or phosphorus atom, it being possible for the said 
nuclei optionally to be condensed nuclei and/or it being 
possible for the said nuclei optionally to carry at least one 
substituent chosen from the group consisting of halogens, 
—OCnF2n+1, —OC2F4H, —SCnF2n+1, —SC2F4H, 
—O—CF=CF2, —SCF=CF2, —CN, —NO2, —SCN, 
—N3, —CF3, CF3CH2—, aZa, thia and oxa radicals, per 
?uoroalkyl radicals, ?uoroalkyloxy radicals, ?uoroalkylth 
ioxy radicals, alkyl, alkenyl, oxa-alkyl, oxa-alkenyl, aZa 
alkyl, aZa-alkenyl, thia-alkyl or thia-alkenyl radicals, 
polymer radicals, and radicals possessing at least one cat 
ionic ionophoric group and/or at least one anionic iono 
phoric group; 

it being understood that a Z or Z‘ substituent can be a 
monovalent radical, a portion of a multivalent radical 
connected to several XF—SOX—C_ groups, or a seg 
ment of a polymer, and that tWo Z and Z‘ substituents 
can together form a multivalent group comprising a 
nucleus or several optionally condensed aromatic 
nuclei, including or not including the carbon carrying 
the anionic charge. 

26. Ionic composition according to claim 1, characteriZed 
in that Z or Z‘ is a repeat unit of a polymer. 

27. Ionic composition according to claim 1, characteriZed 
in that the solvent of the ionic composition is an aprotic 
liquid solvent, a polar polymer or one of their mixtures. 

28. Ionic composition according to claim 27, character 
iZed in that the aprotic liquid solvent is chosen from linear 
ethers and cyclic ethers, esters, nitrites, nitro derivatives, 
amides, sulfones, sulfolanes, alkylsulfamides and partially 
halogenated hydrocarbons. 

29. Ionic composition according to claim 27, character 
iZed in that the solvent is a crosslinked or noncrosslinked 
solvating polymer carrying or not carrying grafted ionic 
groups. 

30. Ionic composition according to claim 27, character 
iZed in that the solvent is a solvating polymer chosen from 

polyethers With a linear, comb or block structure, forming 
or not forming a netWork, based on poly(ethylene 

oxide), 
copolymers comprising the ethylene oxide or propylene 

oxide or allyl glycidyl ether unit, 

polyphosphaZenes, 

crosslinked netWorks based on poly(ethylene glycol) 
crosslinked by isocyanates or netWorks obtained by 
polycondensation and carrying groups Which make 
possible the incorporation of crosslinkable groups, and 

block copolymers in Which some blocks carry functional 
groups Which have redox properties. 

31. Ionic composition according to claim 27, character 
iZed in that the solvent comprises an aprotic liquid and a 
polar polymer comprising units comprising at least one 
heteroatom chosen from sulfur, nitrogen, oxygen and ?uo 
rine. 

32. Ionic composition according to claim 1, characteriZed 
in that it comprises a second salt. 

33. Ionic composition according to claim 1, characteriZed 
in that it comprises an inorganic or organic ?ller in the form 
of a poWder or of ?bers. 
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34. Electrochemical device, characteriZed in that it com 
prises, as electrolyte, an ionic composition according to one 
of claims 1 to 33. 

35. Electrochemical generator comprising a negative elec 
trode and a positive electrode separated by an electrolyte, 
characteriZed in that the electrolyte is an ionic composition 
according to one of claims 1 to 33. 

36. Generator according to claim 35, characteriZed in that 
the negative electrode is composed of metallic lithium or of 
one of its alloys, optionally in the form of a nanometric 
dispersion in lithium oxide, or of a double lithium and 
transition metal nitride, or of an oxide of loW potential 
having the general formula Li1+V+X/3Ti2_X/3O4 (Oéxé 1, 
Oéyé 1), or of carbon and carbonaceous products resulting 
from the pyrolysis of organic matter. 

37. Generator according to claim 35, characteriZed in that 
the active material of the positive electrode is chosen from 
vanadium oxides VOX (2; x225), LiV3O8, LiyNi1_XCoXO2, 
(02x21; Oéyé 1), manganese spinels LiVMn1_XMXO2 
(M=Cr, Al, V, Ni, 0§><§0.5; OéyéZ), organic polydisul 
?des, FeS, FeS2, iron sulfate Fe2(SO4)3, iron and lithium 
phosphates and phosphosilicates of olivine structure, or their 
products of substitution of the iron by manganese, used 
alone or as mixtures. 

38. Generator according to claim 35, characteriZed in that 
the collector of the positive electrode is made of aluminum. 

39. Generator according to claim 35, characteriZed in that 
the ionic compound of the electrolyte is an alkali metal salt. 

40. Generator according to claim 35, characteriZed in that 
the R and R‘ substituents of the ionic compound of the 
electrolyte represent an alkyl, an aryl, an alkylaryl or an 
aralkyl having from 6 to 20 carbon atoms. 

41. Generator according to claim 35, characteriZed in that 
at least one R, R‘ or XF substituent of the ionic compound of 
the electrolyte comprises a mesomorphic group or an eth 
ylenic unsaturation and/or a condensable group and/or a 
group dissociable by the thermal route, by the photochemi 
cal route or by ionic dissociation. 

42. Generator according to claim 35, characteriZed in that 
the salt of the electrolyte carries at least one R, R‘ or RH 
substituent Which is a self-doped electronic conducting 
polymer. 

43. Generator according to claim 35, characteriZed in that 
the salt of the electrolyte carries an R, R‘ or RH substituent 
Which comprises a redox couple. 

44. Generator according to claim 35, characteriZed in that 
the solvent comprises a polar aprotic liquid solvent. 

45. Generator according to claim 35, characteriZed in that 
the solvent comprises a solvating polar polymer. 

46. Generator according to claim 35, characteriZed in that 
the cathode is composed of a composition according to 
claim 1 in Which the ionic compound is an electronic 
conducting polymer. 

47. Supercapacitor comprising an electrolyte and at least 
one carbon electrode With a high speci?c surface or one 
electrode comprising a redox polymer, characteriZed in that 
the electrolyte is an ionic composition according to claim 1. 

48. Supercapacitor according to claim 47, characteriZed in 
that the cation of the electrolyte is an ammonium NH4+, a 
metal cation or an organic cation comprising a quaterniZed 
nitrogen atom. 

49. Supercapacitor according to claim 47, characteriZed in 
that the electrolyte comprises a salt in Which R, R‘ and XF 
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have an atom number of less than 3 and optionally a second 
salt in Which R and/or R‘ are are alkyl chains having at least 
8 carbon atoms. 

50. Supercapacitor according to claim 47, characterized in 
that the solvent of the electrolyte is chosen from acetonitrile, 
alkyl carbonates or the ethylene carbonate and dimethoXy 
ethane mixture. 

51. Fuel cell, characteriZed in that it comprises, as elec 
trolyte, an ionic composition according to claim 1. 

52. Fuel cell according to claim 51, characteriZed in that 
the salt of the electrolyte has an XF—SOX—C_—(Z) (Z‘) or 
XF—SOX—C_(Z) (YR) anion and a cation chosen from 
hydronium, ammonium, metal cations and organic cations 
comprising a quaterniZed nitrogen atom (as partial replace 
ment for hydronium). 

53. Fuel cell according to claim 52, characteriZed in that 
Z and Z‘ represent, independently of one another, 
—(I>OCnF2n+1, —(DOC2F4H, —(I>SCnF2n+1, —(DSC2F4H, 
—CI>OCF=CF2, —(I>SCF=CF2, —C2F4H, or CF2=CF—, 
n being an integer from 1 to 8. 

54. Electrophotochemical device having, as electrolyte, 
an ionic composition according to claim 1. 

55. Electrophotochemical device according to claim 54, 
characteriZed in that the salt of the ionic composition is a salt 
of a cation chosen from the group consisting of H", H3O", 
Na”, K", NH4+, imidaZolium, triaZolium, pyridinium or 
4—(dimethylamino)pyridinium. 

56. Electrophotochemical device according to claim 54, 
characteriZed in that the salt of the electrolyte carries at least 
one R, R‘ or RH substituent comprising a redoX couple. 

57. Electrophotochemical device according to claim 54, 
characteriZed in that the salt of the electrolyte has molten salt 
properties. 

58. Device for optical display, characteriZed in that it 
comprises, as electrolyte, a composition according to claim 
1. 

59. Device for optical display according to claim 58, 
characteriZed in that the salt of the electrolyte carries at least 
one R, R‘ or RH substituent chosen from alkyl, aryl, alkylaryl 
or a arylalkyl radicals having from 6 to 20 carbon atoms. 

60. Process for the polymeriZation or for the crosslinking 
of monomers or of prepolymers capable of reacting by the 
cationic route, characteriZed in that use is made of an ionic 
composition of the invention as photoinitiator source of acid 
catalyZing the polymeriZation reaction. 
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61. Process according to claim 60, characteriZed in that 
the cation of the salt of the ionic composition is a proton, an 
oXonium, Li, Mg, Cu, a rare earth [lacuna], trimethylsilyl, a 
ferrocene, a Zirconocene or a Zirconoindocene. 

62. Process according to claim 60, characteriZed in that 
the cation of the salt is a group possessing an —N=N+or 
—N=N— linkage, a sulfonium group, an iodonium group 
or an areneferrocenium cation Which is substituted or unsub 

stituted, optionally incorporated in a polymeric backbone. 
63. Process according to claim 60, characteriZed in that it 

consists in miXing at least one monomer or prepolymer 
capable of polymeriZing by the cationic route and at least 
one ionic composition of the invention and in subjecting the 
mixture obtained to actinic radiation or radiation. 

64. Use of a composition according to claim 1, in Which 
the cation of the ionic compound is chosen from the group 
consisting of H, lithium, magnesium, transition metals in the 
divalent or trivalent state, rare earths, platinoids and their 
organometallic couples, as catalyst in Friedel-Craft reac 
tions, Diels-Alder reactions, aldol reactions, Michael addi 
tions, allylation reactions, pinacol coupling reactions, gly 
cosilation reactions, ring opening reactions of oXetanes, 
methathesis reactions of alkenes, polymeriZations of Zie 
gler-Natta type, polymeriZations of the methathesis type by 
ring opening and polymeriZations of the methathesis type of 
acyclic dienes. 

65. Use of a composition according to claim 1, in Which 
the cation of the salt is chosen from the group consisting of 
imidaZolium, triaZolium, pyridinium and 4-(dimethylami 
no)pyridinium, the said cation optionally carrying a sub 
stituent on the carbon atoms of the ring, and the anion of the 
salt carries substituents Which have a number of carbon 
atoms of less than or equal to 4, as solvent for chemical, 
photochemical, electrochemical or photoelectrochemical 
reactions. 

66. Dye composition, characteriZed in that it comprises an 
ionic composition according to claim 1 comprising a salt 
Wherein the negative charge or charges of the XF—SOX— 
C_(Z) (Z‘), XFSOX—C_(YR) (Y‘R‘) or XF—SOX—C_(Z) 
(YR) anionic group are either attached to a dye molecule or 
constitute the counterion of the positive charges of the dye. 


