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is the UV-VIS spectrum after bulk electrolysis of 0.05 mM of compound 14 in DMF with 0.1 M
BusNBF, at -1.1 V (complete reduction {o neutral form) and addition of equimolar amount of
45 compound 15.
Fig.12 is a diagrammatic representation of a crystallized compound with donor and acceptors in a
segregated stacked configuration.
Fig.13 is a diagrammatic representation of non-overlapping redox couples.
Fig.14 is a diagrammatic representation of overlapping redox couples.
50 Fig.15 is a diagrammatic representation of an intramolscular charge transfer salt.
Fig.16 is a diagrammatic representation of an intermolecular charge transfer salt.

As shown in Fig.1 in a container 2, at least a part of which is transparent, for example, of glass, clear
plastic and the like, which contains electrochromic substance 4, a solution in the liquid phase, gel phase or
solid phase, a pair of chemically stable electrodes, namely, an indication electrode 6 and a counter

55 electrode 8 disposed within container 4 with a specific gap between electrode 6 and 8. In the preferred
embodiment the gap between electrodes 6 and 8 was filled with an slectrochromic solution 4. However,
electrochromic displays can be formed with polymeric materials and solid materials as described in U.S.
Patent 4,571,029 to Skotheim et al. and in U.S. Patent 4,573,768 to Hirai. The electrodes 6 and 8 are

3



Anot her broad aspect of the present invention is an el ectrochem cal color
chaﬁge cell having an internol ec transfer salt containing a
constituent having a carbonyl % ﬁﬂ%‘[ ed to an aromatic noiety as an
ani oni ¢ constituent as col or change agent . Anot her broad aspect of
the pres 86HnediddVB Y Abid DCATdWbScaIcERb &6 dhrfirbi tﬁé‘ %Bt%ialt betdbah Slectiabd 8 GRIBah@ NY
a consti indRBY thBavbr e td eleatfdRBvic call 67 #ig.1CEPEbAABAHE BloduBctdhiciédh BBy hdve BBbREalr 25
an ani onhg pewssN ihb litlation| dlecBBRt 1QAd MBI AU didctidledd. ThE RBFdratdfcah b8 epLaRat

i nvent i oBomrhdy UsSd MIFEDArEIR Wloétfolytid18d1IS) or lokefibhel & hrittSdhblhss QRIS PioferabR hiaViry fromCles

ani oni£ eiphsit potosibiita sl Gridge\dnd lacsamiperasabieinemistaiasior bxample, a fifngnf Nafioni & DéPont.
schemat | ¢.5diPaigntanss,631at0 Kohdc btr ab dbeehascanl electbdbobromizhdispipe deidd using osegaraigr. US. t he
present P&ent 4,141,876 to Arenalioaah il Sran ekangple2of aniefsctrochrgwicidisplay bdllanvirasingaansepérater. 1. 0
mM sol ut iTemelerdtrochemisd)ieall whiéh ia ischematisallydhown ih|Fig-1 aan ve used|in the elactiodiwon(iDRiBVicesui t h
0.1 M t erkiBRatphis 396438811, 146,676, 4.008550; 4 #6238 an3HENYATS daseriopd bareirblplawy/ sec.

Vol t ages arkiectechemicat dispipyg amp knowrs inovhich aoplusality-of senarate pegraentssor flisplgy. lprapnigaset r a
recor ded '"H‘y'd'éﬁ"b&@’%ﬁei’ preNidecaqersippd display ehagasteriatie. Sych an arrangement is gigclosedipYifind 14
in DVF wretRn hopege tﬁr? apmpn g aly) e, Chappan cispiaxs contajng Jé diviquplly seglpds Gavitiag) whigh)\\s
as the dS‘E aéﬂja ?} ",‘t 3l g, a‘?a"'% S'F"d‘l‘y enegt is H[S'B‘H'M & "°8cﬁ¥ &t 735 ff z'sctfaﬁes['%r r]

as pee a ction
L '%%ﬁm |cra|9 tligjs\tnﬁ : EBV%S% Cohop éiéﬂll% ey ® and

atent
f%fe ttodgs

rzg‘cl)llflxar i }5\4 ia | iv aI% pl it j‘tﬁlﬂ &] Hges

th ‘ea lan and electrodes are pr
ae, vs. o angiec Wl S and soctodes aro pre m;'f P N L BV

h Q1 th [of fhb linafviiG4 cA\Rfds Bitdring e ésm%luﬁe&.apbmhéeuma&@ﬁar&omauy Bxtéhiing ki@ 7
IS the U¥avid) S meeailindiibud cafitdBTRen Bslib by Rililg '@ s famBét! ot bloffated Sout Sdvitibs. ghi6 2
[err] = Qwahgdtentprivids coihdidehtYRatbl\seldttion SOME IntividlaPdispley BRAWMS! tolBduch the lchifipiGa e
sol uti oniysf therelekirithl @iveadirclieby blimiratingd)thd Wed 7P a sepdrdte) inBividualip cortroliel\slewthital
spect r umcanhedtionpoasitldidffey(elemebthe sane sol ution as for Fig.6) at [err]=
-1.40Vs Fi ¢).9.(Pateni 4,146(826 ltd/ANlldBo S elc testibes R reatrixpaidessed Glefrashrbinie displae which
sol ut i oninglgdescrr fiFi andGsecanfi tspaced @ark ioti apposad plate pepandls,—a dibledt®\V/spabe gf. deripherally s
t he UV- Veslingpbe panglntepriodde an ihterios cavity thelehatvesn &f defingd diadlayokgion ap elesidchrami¢ n
DVF wi t hflgd filling interier]cayily, a plurglity of pasaliel wwe and: clumns f eleeirodes disngsedfip the) mating|

addi t i onsetacesql tedire and paserisk Papgls rpspectively and a low euinyh inpRganaselediricy rafresh cirquit 5

d| ag r Praeupled i %%?%§ﬂwt%?$%t“8P'°§'%?V§ @dpRefitve matiy ﬁﬂ?ﬁlﬂbPW’PFP EfB‘f'R?ra $ojegted

acceptor got;matrix at ed stacked configuratio
d|agra
OC

V§ &ﬁve 'f"a'P{o'ﬂhe(S lb E 41 12’.176 ﬁﬁljmgton -
a dia an | ?Rg ﬁ Iocutg ar. elg
gr a
s c en ’ig he Cl?.:}l!t eh al t
' S a g& agfeéu @Eﬁécﬂp%t tB%Rr &8&? {n the ?e esobP DS Blonta! t -
1 ei%&ro% oBhrorid 3o She
Tsfer elgéhlo hro c§l Ocmgcrfb n ﬂ rdséht Fvirtth ﬂé\)aeJ wide V%tl&ﬂeﬁ Ioﬁctﬂ%ﬁﬁ arﬁf ar¥m| ch
' S t 1 ans pfefoht usefuls ah HRER ﬁ‘emuda y tHhaBid Dpticall e MBtbevar ine eEtfbeiiertfical atétials Whhe N
cont ai ns pREAEhveRfdAmavY anu&L%ﬁitraﬁISﬁxlhévuolét 2BRNpHb AN ate therdiGre biseRlil b EkERRR! fitgie!
phase 41 saihb Grafihes Rlectrocibiidal SdlutiGrdedtdidind 16 thd plaseit RleABdn IACARIS an NREARbNculaAN
i ndi cat i okargeltandiéraaltin @ soltdht. Exaples oblypdsDf sdblefs ko Gik@esSnitd caaPo@ds, \amidas, Byclic
cont ai neemides\emhinesn et Cydlic Gsteraratbaiaes,coxided andtsulacemBountxl This list is dxbrapigy efiter r ed
and not limiting. The following is an exemplary list of solvents: acetonitrile, N,N-dimethylformamide, N-
methylformamide, N,N-diethylformamide, N-sthylformamide, N,N-dimethylacetamide, N-methyl-2-pyr-
45 rolidone, hexamethylphosphoramide, propylsne carbonate, ethylene carbonate, y-butyrolactone, dimethyi-
sulfoxide, acetone, sulfolane, water and alcohols.

In addition, the elecirochemical solutions will include in the solution a supporting electrolyte and
preferably a supporting electrolyte salt that contains as cation a member from one of the following groups:
tetraalkylammonium, teiraalkylphosphonium, alkali metal, aryl-alkylammonium, aryl-alkylphosphonium, or

s0 cholated metal. The preferred tetraalkylammonium group is tetrabutylammonium, but other tetraalkyls with
alkyl group being methyl, ethyl, propyl, isopropyl, pentyl, hexyl, or mixed alkyl thereof can be employed if
desired. An example of a typical aryl group is phenyl and an aryl-alkylammonium is benzyltributylam-
monium. An example of a chelated metal cation is potassium 18-crown-6. The supporting electrolyte salt
preferably contains as anion one of the following: tetrafluoroborate, hexafluorophosphate, aryl sulfonate,
s5 perchlorate, or halide such as bromide or iodide.

Because organic charge transfer salts contain redox couples they are candidates for color active agents
in electrochromic devices. Organic charge transfer salts have been of interest in recent years, since the
discovery of the metallic conductivity of the TTF-TCNQ ionic intermolecular charge transfer salt, as reported
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Becker et al. refers to an archetypal molecular unit Dy,-A, which contains both donor and acceptor
moieties in a prefixed stociometric ratio (n:m), which is potentially endowed with the necessary properties

50 that can be calculated to meet the requirements of conditions b to d above.

Becker reports a model archetypal molecular unit, 2,5- -di-benzyl-7,7,88-tetra-cyano-p-quinodimethane
(DBTCNQ). Becker points out that this molecule contains a weak donor (e.g. phenyl), and that this material
was expected not to be a ground state conductor. Becker further points out that this compound shows
promise for the strategy underlined in criteria (a) -(e). Therefore it is clear from the teaching that Becker has

ss not fabricated an intramolecular chargs transfer salt.

The model compound of Becker consists of two benzene rings linked to a TCNQ acceptor. The reason
why this compound is not an intramolecular-charge transfer salt is that the reduction potential of the
benzene radical-cation is too positive relative to the reduction potential of the TCNQ moiety. This means

5
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wi de variation in color change and are therefore useful as an

el ect r ocherfielasncy "Flastmphomicalbethads” by AvePard hBr Eavikear. Johm Wiley and: a5 HNewi Yods

mat eri al 4989f t he present i nvention have a wide variation of ultraviolet
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45 corresponds to the partial electron ‘transfer since the electron can occupy both redox couples
200 and 202. For the condition where redox couple 202 is filled with electrons and redox couple 200 is
completely empty of electrons, redox couple 202 is a potential electron donor. However, since redox couple
202 is at a potential more positive of redox couple 200 most of the electrons remain in redox couple 202.
However, because of the overlap region 203 the elecirons can occupy redox couple 200. This also

s0 corresponds to the condition of partial electron transfer. The degree of partial electron transfer depends
upon the amount of overlap of the couples 200 and 202.

The applicants are the first to synthesize an intramolecular charge fransfer salt for which it is
contemplated that partial slectron transfer between an eleciron donor moiety and an electiron acceptor
moiety on the same covalent molecule can be achieved in the solid and polymeric to form ijonic,

s5 semiconducting and metallic state. For the sake of clarity, synthesis of, and use of the intramolecular
charge transfer salt will be described in terms of a preferred embodiment containing a viologen donor and
an aromatic bis-imide acceptor, which has five distinct oxidation states and four redox couples which has a
corresponding wide variation in color change which makes it useful for electrochromic display devices. The
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form1:1 salt. A pri mary exanple i SE%E@'t I 10henazr ni um NVP- TCNQ 10
Substantial increase in the conductivity of Tnternolecular TCNQ salts was
di sgovered in the prior art. It was found that the high conductivity is
associ at edsynthbéis cin\yBheidily Bb tes6ibed ESrebdling\Din6idalkyited VdIREWitheR WhsyinmbiabbR Hhilis
ar e packedcdntainingtadiedving @roup istiitablal forl @dergding [al displatehentoreattion. Whe bis-mid@ ie gdterBly in
stacks of e&bssomestpretbrabGNLS Brexcass . It is-icantehiplated itabrihisi roaiiod \cars b yéeheralited) toaviddnas k
wher e D r epresyenites antido camponnds havingt anosarbamdl graup egiiugatedito dnhaoreatic evplety: itowill be
ani on. 15 readily papparent| te did antisap Hthat Ghis tethod fgeneralizdble toheolahas lasdt] cyaniness reacted-with 12
represent EQMACHINE baving 8jcatbenyb@reypoanivgaterdcean arimuie oiety.(Renéreliysorganid repfecdenshaving)
an i nt r amoMeltiRle sgdox igepies shows multiplp colgy varigtipn anogiestrechprmindlly rropiiating: ands depopuldtiogt
bondi ng beferﬂr@b??"d?fe ThR Yielpaen Rig-imide inlsarpnlecyizrr qogpeynd slescrked| hevemn| iy unusyek inghat it has
mol ecul e, geox @PP f‘aWB?’l“ 9§n"dryd'ﬂda°r a"P'i' Brroloeehange: Applisants dyaveraisodisspyered that
adj acent™® nf] 8% ° H‘Fad’f?' °’h’f“(¥°§§?’f"cﬁ?§‘"“'&%ﬁ§? “'t"H@Y'@Q n

unpai red ef @ st' il a'&g"' At ourf' o i
en s R T r&rts L mrrr ; rlr ]
gle':\i/(e:telnon ot E Cndst Erg § mberoﬂ'r €s
15 NGoisde e‘h\% l?g {
r ge nor ecul e

accept or rrmueﬁmfeﬁrutahmse |+§aﬁ.o&.a@raﬁ er 0
transferring either an entire electron or a fractronal part of an el ectron

t o “rhe acceptor. In Fig.12 the degree of electron transfer is designated by
t e, synbol p, which has a val y 8 For a value of p equal to
0 therea2s s no transfersof an/erecty ke \donor to the acceptor. For a
val ue of p equalling t\\eﬁepd [ r nsfer oHé?n 25 electron to
the acceptor. For a value o IS tial transfer of
' e overtapping [err] bonds
bet ween adj acent donors and between adj ace gcceptors formenergy bands in
simlar2ashion to an energy band in sglid state naterials. Wien p is
either O or 1 for a crystallized matfr§al represented by Fig.12 the

mat eri al has energy bands either conpletely filled or conpletely enpty 30

of el ectrops artd ore elt r an | nsul at or or sem conduc
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e _Gonposed of donor (D) and
accept or (A) noi eti es by achifefing the fol |l ow QQ necessary conditions; (a)
enforce a segregated node oqu]tackr ng (. [err] ... ...) in the
solid 40 state; (b) control D: A stoi chi orret ; (c) encode ab initio the
desired degree of eI ectron transfer ( p ) into the nolecul ar unit' (d)
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represents the vertical rowof A's in Fig.12. The double vertical lines
separating the Ds and the A's corresponds to the bondi ng between the D's
and the A's,
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shown in Fig.12 as a dotted line. Becker et al. refers to an archetypa

mol ecul ar unit [err] which cont aigpsy syt Egzdnor and acceptor noieties in a
prefi xed stocionmetric ratio (n:n), whichis potentially endowed with the
necessary properties 50 that can be calcul ated to nmeet the requirenments of
conditions b to d above. Becker reports a nodel archetypal nolecular unit,
2,5-di-benzy() 7,7,88-tetra- ct%no p- qui nodi met hane (DBTCNG). Becker points
out that thi \polecule cont s a weak donor (e.g. phenyl), and that this
mat eri al was @xpeciet™ot Becker fLT her

poi nt 5 ouf ¢ i pound, ShOWS™F he . derlIMed in
criteria ef ore N b % iMg at, .Becker has
55 not fabri : _ .nD ec S : ! aen.

conmpound of s CNQ accept or.
The reason Qggcthls conmpoun s not an |ntranDIecuIar charge transfer salt
is thdf the duction potentﬁi of the benzene raqb =catf~on i s too

positive relative to the reduction potential of the iety. This nmeans
5 EP 0 431 547 Bl that it is not energetlcally favorable to transfer an
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"El ectr 09| %melllh}md &o Tashe thare W Me&ﬂ%
W Yor kred yen& nde 14 aerJ 5@0@1 &aaveﬂapan CdduMidn S&&m&ucbaR@a‘aert@a&w
WTE” Nei lsnaﬁaon eansfa+ as, desorib&d IRFIT db6VREMich S&leadtd dlectdchitOndudiiMfiytih thel sBlidCsidier wor ds
if_it were possible to prepare the Becker et al. nolecule as the

radi cab-cation/radical- apio i at go back to the

unchar ged stFaRl®ed %CFﬁ%nTgﬁﬁf?Eﬁ?i nnfg i %?nnst 2 V nore strongly
reduci ng t haf-+s-+he-nedt+at-phenyt-++agr--Jhe-redox-potenttat-of-a tol uene
is used |nst8ad of 15 the potential f a benzene ring since toluene is a
better match POFCrHe substituted in b&hkene in the Becker nol ecul e. Fig. 13
and Fi2g. 14 are-schemattc-representatrons-of-the-retatTonship~of-The redox
potentials of theyglonor and. ?cgﬁgtor opiggpes of an internol ecul ar charge
transfer salt and an intranol ecular charge transfer salt. Fig.13 shows two
peaks on a pl ot whPch repreSQn§ $wo d|§tgﬂ%t redox coupl es. The verti cal
axi/s i.s an 20-acbitrary-scale-ot-density-oft-electronie-states--Fhe

hori z&ht al aX|s is an arbitrary scale of electric potentlal (the scal e of
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an“T nt er RO e¢ Wydic velinibgrainy oMtk esmpdand of lefj@atiér2 B0 Xhe CV and UV-VIS are measurements
commonly practiced in the art. M* is BusN* or Et¢N* (j.e. tetraalkylammonium ion 5) X~ is OMs™ or I~ or
BF:—.
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25 peaks 200 and 202 woul d represent redox couples on different nolecules.
The" redox coupl e on each nol ecul e Ea%@‘“rggllﬁul ar orbital with an energy

| evel into which the electron is deposited. The spreading in the energies
of the redox couples 200 and 202 arises because in a collection of

nmol ecul es each electron is added to a nmolecular orbital of a distjinct

nol ecul e. Ener@ es of the r&maining unoéiupied nDIechar orbitalslof ot her

nol ecul es are dff¥cted by té@ filled no@gcular orbitgls and increase in

energy. This gAapses the 3@ Sptead in e of theqdfedpx coupl ef. q r edox
coupl e 200 r=@§gents a Cu‘,”tion of ul es coflt ailhing an eRkgcyron in
the redox couphe these nol égtl es are potfential donorf. Assum ng tjhat the '
redox coupl es 2Q2 are unocgcdépi ed by el ns sinc ey are at tenti al

n the reug;n(nmne 20 rlin otheff tefnms at a Joway energy

nore positive
than the redo oupl e 200 \fges el ectrons y the redox=zeoupl e 200 h
transfef® to thelradox coupl &,202. This cbrFESponds tg;conplete el ectron
charge transfeXreferred tofherein and :5 above. If dox coupl e g(:)Z is
conpletely occupied with el gtro d r;@‘dowupl.e 20 | swonpl efdl y enpty
of el ectrons, nce redox caouple 202 is @t a potenti nmor e_posi tPve of
redox 200 or i n|othe™words |si nce T®dox oupT&'ZOZ iq at a Tower ¢nergy

| evel than red coupl e 2008l ectrons i dox coup 02 will ransfer
to redox coup 2. This esponds e condit of no el n
trafisfer refe to herei' RZard above. Fig. 1

cQgﬂition mhergzthe redox cauples 200 an

t he shaged ogg 268 i o FigN14.0lf ®©g
with el ectrontand® edox coupl §202 is
represents a ntial ele n donor

potential nor¢
200 can trans
regi on 04 el
t he condit i@ Qf P=QiaP
both redox coup
filled with eleé;rons and regdox couple 2@0 is conpletely enpty of

el ectrons, redox couple 202 is a potential electron donor. However, since
redox cBuple 202 is at a potential nore positive of redox couple 200 npst
of the electrons remain in redox couple 202. However, because of the
overlap region 203 the el ectrons can occupy redox couple 200. This also 50
corresponds to the condition of partial efectron transfer. The degree of
partial el ectron transfer depends upon th§ anount of overlap of the couples
200 and 202. The applicants are the firstgto synthesize an intranol ecul ar
chafge transfer salt for which it is contgnplated that partial electron
transfer between an el ectron donor noietygand an el ectron acceptor noiety
on the same coval gnt nDIecuIeﬁcan be achrﬁved in the solid and polyneric to
formiomc, 55 se%iconductinggand netalli g state. For§the sake of clarity,
synthesis of, andfuse of the ﬁntranoleculgn:charge trgnsfer salt will be
described in tergg of a prequred enbodimgii cont ai nipg a vi ol ogen donor
and an aronmatic %)iﬁs-i m de accgptor, whichghas five di Sténct oxi dati%n,,
states and four gedox coupl esjvhich has a%dbrrespondiﬁgﬁmﬁde variatgdh in
col or cffange whiglg makes it u§& ul for el 8& r ochr oni c Hd¢spl ay devi cBs The
6 EP 0 431 547 Bl
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s0 A molecule in which both moieties 14 and 15 are incorporated would first add, under reduction conditions,
an electron to the viologen unit, generating a radical-cation. Then, because the reduction potential for
adding a first electron to the imide is 67 mV more positive than that for adding another to the viologen, the
second electron would reduce the imide unit leading to a radical-cation/radical-anion. This has been
explored using cyclic voltammetry (CV) and by bulk electrolysis monitored spectroscopically. Both the
5 compound 16, in which two moieties are covalently linked and an equimolar mixture of 14 and 15 have
been studied. The CV of the linked compound 16 is shown in Fig.2. The CV for the mixture of compound 14
and 15 is shown in Fig.5. The CV's for both the linked compound and the mixture can be readily
understood as a superposition of the CV of the imide on that of the viologen. In the cyclic voltammograms
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most, pr efuﬂr.arqmm P&k pelhrd ban 4 So.R Vi s idh foSulBd 'R BDRbCidaf sﬁohiﬁ
Wene bissBiiptions Wr KoM TR Widdgen SOuI-BEBE sl §6 @wbﬁémw.dal Ad&Rariich wHidRYis swdwal.@gen
h hasiglhrurthéd leletiityai L5} etos .76 Ao 18adehier 16 thb disBppaérarice @f tHerabitdl-cation
25 2d hébsbipfioni diiti then toethecdppedraned oftabsofptipis@f M6 hatraleingldl for bit thé ologen, then to the
N, N - di buisappaayancsret ket pyranailitimitie eddichiasion kiesofpidn iavdppaprad€h ofsthe wiahian absofpisnaul a
wher e BuThusnthd elgtioctemising of the compbandngs @guetion] B: traerbd Jivel Satdd) cddrleshdicatition, bne
fam | y ofadcawptonrhiie-geen sdicalgatioh/radieal@nigr, green radisal-anidn and rose disnien. and t heref ore
has two r edbs radiselshtion/radithianipn is-an mugeat staictkuw forep organie meleciiedn jtharound slatdaite dn
st at e$s apldtemplcroptizipcoby uphotocaxeiied slolgpFram botirie @oandi UYANIS mgultsf it is|eleanthad thereds and
bi s-i m ditie|nierastion;bgtwaen-the ypraid Q'QCH‘NEGS Sighp bays feedrPredicted irom{baslengt @@u?'awe
i oni ¢ coﬁ?!@mr?ﬁthgﬁ'am lipkage oxi dat i on st at es and f our redox cou | es.

The 11 nkgg Dhisketies wf'ﬂw Ggip i . aﬁfgrw err]
O\JWESX anges are ba anzgg‘%y Io%ea d{ﬁa Btmng@ whereg,g o Rasyive, 4 7

BT 0 IORS\W |ch| compound1 s two IOd e ions or . At this point, ition

of an equal or more amount of he un-reduced imide 15 rapldly resulted in a UV-VIS specirum (as shown in
[err] Fig.11) very similar to that of the doubly reduced form of the compound 16. This is represented by the
following equation:

~ 35 14° + 15° — 14+ + 15~

~ By contirming that the radical-cation/radical-anion pair can be generated from the pair of compounds in a
neutral state, which are clearly electronic ground states, this last experiment validates the description of the
doubly reduced linked compound in a ground state radical-cation/radical-anion. In the sequence of
40 equations 17-21, the bis-imide moiety acts as an acceptor and the viologen moiety acts as a donor. For the
purpose of the present application an intramolecular charge transfer salt refers to all the oxidation states as
represented by equations 17-21. For the purpose of the present application, an intermolecular charge
transfer salt corresponds to a corresponding full sequence of oxidation states for non-linked compounds
which corresponds to those of equation 17-21. The present invention is not limited fo five oxidation states
45 but can include many more than five oxidation states. The redox potentials as shown in Figs. 2 and 5 can
be adjusted by different structural variations of the donor and acceptor moieties, for example, by forming
substituted forms of the donor and acceptor moiety. Adjusting the redox potentials of compounds by
forming structural variations are described in Proceedings Of The Symposium On Polymeric Materials For
Electronic Packaging and High Technology Applications, Vol. 88-17, The Electrochemical Society Inc.;
so0 Pennington, NJ, pp 88-102, (1988) Viehbeck et al., and in Metallized Polymers, ACS Symposium Series,
American Chemical Society, Wash. DC, in press exp. June 1990 to Viehbeck et al. It is contemplated that
such adjustments of the redox potentials can be done to achleve electrically conducting organic polymers in

the solid state.
The synthesis of a viologen bis-imide, in particular compound 16, will now be described. Electrochemi-
55 cal reduction of viologen bis-imide (16) led to five distinct redox states that were characterized by cyclic
voltammeiry and ulira-violet/visible spectroscopy. The ability of a bis-imide to accept one and two electrons
to give radical-anion and a dianion, respectively, has been established by Viehbeck et al. There exists a
whole family of compounds whose redox activity is exactly complementary to that of bis-imides. These
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The various oxidation states of the viol ene and bis-imde famly of
conpounds are based on their g#e%%_ charges and on the overl ap
of their reduction potenti al as shomm abl e for ethyl viologen and
(14), N," N-di butyl pyronmellitimde (15). As can be seen fromthe Table there
i's an over kehbouidslidiRed @slbHe bPdbsHBEE ol iob eRmpRORP @AIpyAdinia Shitd)Tan Stikt i oA
overlap i nof MebeCdidtédn didgtoR, Vadicdl cadh, dn@afe LRthgéd btab. &|coMpdufd chritakitgl & bisadide
descri bed beswhty atbshue o diaikylisigydihiea dalt Courdl tRetéfore RAILILCHVE kid4tibiy bthtys. IO phricular
sol i d st at eterebais ie. stateRemrecdnt @iid dfakieandlecalb existoés a rhdicahtation dnd tHeatheoal radical-anion --
[err] 2 s ahighly unusual 2hefficallsfructure. -0. 370 -0.752 15

-0. 685 PyroineBORIdS0 inR@derdt are verp disevide inl reosherganier sotyertsy Thysciyramellitishide, Arwas r y
vs. SCE at c@nmeteihingaiubPlii-alCordenit/isgiventstiBE4. The f ol | owi ng sequence of

. equations represents the reversible addition of four electrons to the

. l'inked conpound 16. The col or of ch oxidation state is listed. The X-'s
.and [err? are counterions to prov?&e | ocal 35 chd@ge neutrality. Fig.4 and
: Figs. 6 to 10 show UV-VIS (ultravi

. corresponding to the stages~gf redlcty o N o--- d 16 as it
accepts a totaHO{_Aour sN Fi g : . ol t?@g 1qm of
" the corrpgund of equatpo X8 he & ank i b0 comonl y

'practlced in the art. Mt TS err] Xla o umion 5) [err]

[exr]. 40 45 50 55 8 “EP 0 431 7-Bl 10 [err]*e®5 30 O~~~~~ WO
I\ ,-4Ca 0 0 50a .
0@45 ~~~0 2 4.2

20

Solubility of the viologen bis-imide 16 was a key to being able to characterize the molecule electrochemi-

cally. To achieve this, we resorted to an unsymmetrical pyromellitimide 3, which has an alkyl imide ring on

one side and an aryl imide on the other. A longer chain alkyl, namely a butyl group, was used to help

25 solubilize the planar structure. The aralkyl spacer between the viologen and bisimide provided a semi-rigid
spacer to minimize electronic interaction between the two portions of the molecule.

We chose to create the dissymmetry in 3 by a Diels-Alder reaction of N-butyl maleimide and 3.4~

dicarbomethoxyfuran, aromatizing the Diels-Alder adduct with dilute acid; and, operating on the ester

functionality to incorporate a differently substituted imide. However, aromatizing compound 4 posed

~ so tremendous difficulty (Scheme 1). The four electron withdrawing groups in molecule 4 did not support
carbocation formation conditions. Hence in spite of its strained siructure, 4, was completely resistant even
to strong acids. The exo nature of the Diels-Alder adduct also made it impossible to ring open the oxygen
bridge using lithium diisopropylamide.
. 35
At

50

65
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0 B -4~~~ an

el ectron to the viologen unit, g @*i radi cal -cation. Then, because
the reduction potential for adding a Tirst electron to the imde is 67 nv
nore positive than that for adding another to the viologen, the second

el ectron woul d reduce the inmde unit leading to a

radi cal - cati qo/ radi cal - ani o& Thi's. has been explpred using cyclic

vol tametry (QV) el ectrol ysi s noni t\Qr ed spectroscopi cal | y.
Both the 55 S in which t noi et i es/s eV el @OPNenked and

an equi nol gy xt _ ,qgcb %‘ﬁe ore?hzsm i __ of the |inked

conmpound 16 onpound 14 and 15
for both the |inked g0

is shown in Fy. Y npowad” angC oM al xt ure
can be readilpy understood a superposition of £he CvV of the imde on that

of the viologen. In $he cyclTic voltamograns 9 EP O 431 547 Bl of Fig.2
and Fi"y.5 the voltage of a working electrode is scanned fromO volts (vs.
SCE) to a negative potential which is insufficient|tjo electrolyze the

el ectrolyte. The voltage is then n"‘aruaed back to | ower part of the
curves corresponds to the reductlon pf the redox e or adding el ectrons
thereto; the upper part of the curve corresponds to the oxidation of redox
coupl es or exfgacting the electrons therefrom 5 Referring to Fig.2, peak
2_4 correspon to the transition fromeq 17 to equ ion 18, peak 206
corf esponds tga . ©0CdMeof the trﬁ%bﬁ]@ ; Mg 18 to

quat i on 19 atlon 19 to equation 20, g 408 corresponds to
the teansitio jon 20 to equatlon(gl Qzé i 2Q1corresponds to the
transition frg 6N~ 00Mequat i on 2ENH 2T CorreSdMes to the
super positiop of the transition fromequation 20 to equation 19 and the
transition of equatién 19 to equation 18, and peak 214 corresponds 10 to
the transition fromequation 18 ts uat i o1n 17. A simlar analysis
corresponds to Fig.5. Note that t ENRIGHE e peak 206 and 212 in Fig.2 and
216 and 218 in Fig.5 are rou twi ce the height of the other two peaks
because MeMyry! stq?@‘yﬂ‘ﬁ‘giﬂ"tmﬂpd‘t ?9(! (ﬁ/\ﬂ?si”@%% ﬂﬂﬂﬂ&fﬁé 1983 3} 1985, Weng; 'fH"t?é using
reduct | oHWé(ﬁ'Ef‘tlt'H@“’g é?ﬂ‘} ﬂm\ﬂeﬂ’f"tﬁgg? radced Iaw vielgs, of dbp %(?’%::Fﬂﬁ'tp’%?ti Howaeas ti$d i n

e %%:ggg%m%@:“ o fﬁg ;; Ee%ﬁ%ﬁz s Ak

SCE
gener at e ethﬂp rﬁa‘ 973 )

sol ut i on_Jigy o oy e 9%@@5@ BT y 7%,
c oh Iy h nz I lash
was oby af beoéﬁl%lﬁakﬁg‘ rbdin fompBiatateStor ) Wdﬁworﬁ&%ﬁﬁr% thg Q?stén? rTh'bBH% the
Vi %Logenmaé’f%&ﬁdn ¢ dlbbi2 RAH rMﬁiSrEJud 3, 4-biBdrishihethaetufed | praa Bd gl nnw’:lﬁd@c&ﬁe
ShBtn i nyibi G 80% ST bldRygerdtia: b @ L&y the MeMINAPS doagent GCHRAHNELY B dinetibilyethaheads
first toMME idii6 A% KB thefpytoheliticaeirdestbr £ Usin® THE@s thaBRéD tdd Qb céndiderkien t O
t he appepshpTHrefomatieiosdérthe RBQio® Eontlifichs. AU GiahgiyLithé eolvantl i TTHH to IDME rdise theggen,
then o tiblie irdihe apyxpgonation esportedtiin the [iicie 1ok Mohgd tefeirekbtorraminCahbveaon thel cardesmnggibg on
i N appeatelanoathybéster irem dB%rie 857 dipdrogepelysizrof thibHeimestdr (6eprazhasied inowhraquarditative yidld t he
c onpoundiocgh4-dicarmmetbexynighalic apideT. eeticfanhydridst raflus of the ehthalic @cid 7 dadcdta thatfermationtef ue
radi cal - &4gicasbometiiogpbihzlie apnyeride] & i a T8¢ viels/imidigatiompt tharAnbysirideyd kadrio be done with
radi cal - @filleshbuivieminenand pyritigd; Syped Than oxaeli 1elaratia: Erqesmputviaminesfieactad; Wit thes esirs
unusudt Wideq the imidizafiony conditiqns éh?a glyecthe, pjs-Buty| jirpidg. The fngthtjereﬁt&fﬁ dreesthgneleayed using, Lil
in pyridine to the diacid 10 in a hearly quantitative yield. Using pyridine as the solvent which, reacted with
the methyl iodide formed in the reaction, forced the reaction in the forward direction leading to the high
yield. The diacid was then dehydrated with acetic anhydride to give the anhydride 11. The second
imidization with 4-aminophenethyl alcohol procesded smoothly to yield 3 (67%). The alcohol 3 was then
s0 converted to the mesylate 12 in spite of its sparing solubility in methylene chloride and most other solvents,
using a dilute solution of the alcohol in methylene chloride and standard conditions for the reaction.
Monoethylbipyridinium iodide was made by refluxing bipyridyl hydrate with ethyl iodide in acetonitrile
as described in Tetrahedron, 1981, 37, 4185 to |. Tabushi et al. The final step in the synthesis, the
displacement reaction of the mesylate in 12 by the nitrogen in the monoethylbipyridyl iodide, required a 0.5
55 mole excess of the mesylate in order for the reaction to go to completion. The yield on the last step was
65%
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25 state not popul ated by a photo excited state. From both the CV and

W-VIS results, it is clear that tﬁl‘?ﬂ#@ﬁ‘ﬂétle i nteraction between the

unpaired el ectrons as mght have b d fromthe length and

relative rigidity of the aralkyl I|inkage. Bulk electrolysis of the viologen
14 was perfornmed until it was conpletely converted to the neutral form
Under anbi ent condcbognas t he, st apbgueor m of the vi n 14 i

di cationic formhere the t ositive 3@4 i'changelsa(;)‘gre’ge 2 ggb*g% t wo

ani ons whi ch i n{gonpound’ 147 sAt wo ioMs or 21- . hi s point,

addi tionsof an e 0B8R Nor eCanptfeMsf t18EYWN- r ed BoOPG NG TE00Ms dl y

resulted in a UV-VIS spectrum (as shownxytenli g. 11) very srilar..to that of
t he doubly reduced form of the conpound 16. This is représ.?ptcsq by the
following equation: 35 [err] By confirmng that the

radi cal -cation/radical -anion pair cangypg.generated from the pair of

conpound8 in a n I at ecogMe h early eoocop gL odgsivet at es,
this | ast experi ?r#ejél?e tes the d grr"lgi??on of the o reduced |inked
conpound in a ground a@ radi cal - calt on/ radi cal - anj.o4 AL he sequence of
40 equations 17-HA0Ct Recfi SCOAMR npi ety acts a?"ﬁ&gcc or fhe

vi ol ogen_noi ety acts as A;donor. For the purpose of the pBesent application
an intrafol ecul ar charge JgAfetier salt refers to all the oxidation states
as; represented by equati ofsAtdsEe £or the purpose gf the present

apﬁﬁ'f cation, an irgernol ecul ar charge transfer salt\\porresponds to a
cwespondi ng ful | \*sgauenge, ©OOMe dat i minyst at es f or /mex 238 unds
whi'ch coprespondsgto @ of equat i ep—+r—ThegaNes§ ention i s not
limted to five ox{d tates 46 bYP'R&n i ncl uda i

oxi dation states. Jfhe redox p8PMftials as shown in Hgs. ¢
adj usted by differ®nt stguctural variations of the onor};nd accept or

moi eties, for exanple, by forming substituted forms of t (i@}ap;, and
acceptorssnoi ety. Adjgsting the rgdox potentials of conpoulds "by” form ng
structural variationg\are _descrybed in Proceedi ngs° The "Synposi um On
Pol yneric Materials PONEFSOHFON ¢ Packsmptig and HiYk plaHH

Appl i cations, Vol .Bg¥-1 )d El Oct r ocdagfr—eat— SogRt Y 50 Penni ngton,
0, pp 88-102, (1988N\.% gt al . Ardiydiride Met al\ L2 . , ACS
g;gfr{posi%Series, Anffr i can enMgal Society, Wash. C, | prﬁééxp. June
1990 to Viehbeck et "y 1t!¥s co tenpl ated that su€h adji@st ments of the
redox potentials can by dengiziationchi eve el ectrically conducting organic .
polymers in the golid ate.oThe synthesis of a viologen bis-imde, in
particular corrpowd 16, wi l” now be descrihed. FEl ectrochem - 55 cal

reqgucti on of vi oj/ogerml 1 dg 0) led to five difstyjpefiatiedox states that
wer® char act er 8gdd 0 i oN :ﬁ OHnd ul §ra-vi ol ﬁ/vi sible
spectroscopy. Thy QF a\Bk i de to accg¢pt one d

gi ve radi cal -ani &h and a diMni on, respectively,
Vi ehbeckoet al. Qhere:’exiostsoa whol ed‘ am |y of
activity is exactly conpl\ement ary tg,that of bi
431 547 B1 comnpounds ter gy N\ as/gedcr i bed
di al kyl bi pyridini um sal8y c [ 3 )a
radi cal cation, and the ATAE

4 f] A\

Hi-gat i on,

Scheme 2

s0 Many variations are possible at the second imidization step. One important variation in particular is the
identity and length of the spacer group between the bis-imide and violene moisties. Of particular interest
are oxyethylene spacers of the indication that polyimides containing oxyethylene chains were unusually
crystalline as described in S. Polymer Preprints, 1985, 26 (2), 287 to Harris, F.W. et al.
Changes in the bis-imide and violene components will allow fine tuning of the reduction potentials.
s§5 Varying these components in conjunction with varying spacer groups affects the redox and solid state
properties of these materials.
Solvents and reagents were reagent grade or beiter and were used as received except where otherwise
noted. IR spectra were obtained on a Perkin Elmer 1310 specirophotometer (KBr pelliet unless otherwise
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covalently attached to a dial kyl bi pyridiniumsalt could therefore exhibit
five oxidation states. O partic 4%1%‘2:1%“ Is the state where one end of
t he nol ecul e exists as a radical - the other a radical-anion -- 5
a highly unusual chem cal structure. Pyronellitimdes, in general, are very

i nsol ubl pidled)DRte RN @BNinGUEOAIN &3biBtiond - fhe F}Hdr&r”ﬁobhﬁdorﬂnd@ bot ¥ihp uﬁoamhﬁénel y

i nsol ubl gosoiticht in the Btk £508-200/@Mt UWVié Sfdctralidrd @h b a HOWIetPPAckdrd/8485A HibdR array

Vi ol ogen sgaicFontettr. FeothONMR 618 récdided 6n HEIBMIR70MHR insfuntdnBdt admtemperatirél B adtbric ul e
el ect r ocleniless ®thbiwise statbdambitigvintsWwae determines o ladRihéraloliis appesatusant] rakeCiricor-
pyroned | recieti de 3, which has an alkyl imde ring on one side and an aryl

i mde on the other. A longer chain alkyl, nanely a butyl group, was used to
hel p 25 DiglsiNset addectbhe pl anar structure. The aral kyl spacer between the

vi ol ogen and bisim de provided a sem -rigid spacer to mnimze electronic

i nteracti o PiguwReh 12nhe (-honpely divensy sptylepasicapexyletgl and Q5 shﬁéemf"él) of 8¢t e

t he di'®s§insreamethoxyiran Were Jeffped (undgr fegon) inawtiang forof4 R Femevel afnpabient; %f%ﬁm
3,4- di ca‘faﬂ?fﬁt‘“ hfg %Péﬁ’ep%l'?tﬂﬁérf-? A9 Higkesiliop @P'sp"‘i!&sdéto Eﬂi&‘t %? gpvef196,4

aci d; an{f%% 418 Rdne (the, banp o &q"r"amtn '9‘"%“‘? o djcarbocyito

di fferen .

dire 5@5? t<abrrﬁ e r%ﬁ%jfr&? ok ,§ %Uﬁ’ ge E“?jbln

' sr al I
?O ojuti 7&% )
m)l ecul ey, e 32_a ion'formati'on condl Irons. n
its strai ned structure was conpletely resistant even to strong
*r' Tbﬁe,ﬁﬁqmg‘eﬁ&y&m@aggﬁ s- Al der adduct also nmade it inpossible to

%ng open t he oxygen bridge using lithiumdiisopropylamde. 36 40 45 55
EP 0 481 S544icBdistiled AxdimethokibthkRe (NI (bdce26ver CaH, and then over K) was used for this
Schene 1eddeivhent. A thre6lastkatOmoiirat ofidnedaskaee hikfthorodghly fUhee Wity aigbn. iRd.e@ ey cl es
1983, 2031 hhSpwas/yAdhed lritdthddiapk andlictigied 160 ©.AMER0 inL)waB islowly SPiageddto the flask. A
deoxy gengdliew 4olid psmechisgiedthivmvalugriremcydiale (LAMS 120rmyg)8tmndot)tvap Bdudd Oéry cidtivBlyabd as t hi S
r eact i ontovaypild sbragiony whiel tanocausb, tie tAid taigaitea Tiheeyrtiovs yalitl @lispersddé tht leelbiedhanged ados e
nol eca$ egreeraanddinally ke blaOThej agoling bl was remb\wdalTidhylarhiee @ymit, F@mreol)ofas tatided and
vi ol ogenthpiceritentsché the Tiask weref iuxedhat 85 1 Ghfor Eamini The tfigskiwas thew croled ftorppm temperature.

The Diels-Alder adduct 4 (471.3 mg, 1 mmol) was added to the flask and the contents stirred at room

temperature for 1.5 h. The reaction was worked up by adding 100 mL of ice water and extracting thrice with
U methylene chloride. Addition of excess water helps clarify the deep violet/blue color and helps in the

30 separation of the two layers clearly. The organic extract was dried over magnesium sulfate and evaporated

to give 430 mg of the product (93 % crude yield). The flask containing the organic extract developed a

white non removable deposit on walls due to fitanium dioxide. Viscous liquid; IR (1% CHCI; solution): 3040,

2960, 1740, 1270, 1135, 1110 cm™; 'H NMR & 81 (s, 2 H, Ar H, the ring having the four ester

substituents), 7.42-7.38 (m, 10 H, Ar H of the benzyl group), 5.27 (s, 4 H, CHz), 3.89 (s, 6 H, CHa).

85
A 3,4-Dicarbomethoxyphthalic acid 7

A solution of 5 (260 mg, 0.56 mmol) in ethanol/ethyl acetate (20 mL, 3:1) containing 5% Pd/C (30 mg)

was subjected to hydrogen at 0.413 bar (60 psi) in a Parr hydrogenator until the calculated amount of

40 hydrogen was used up. The mixture was filtered through a bed of Celite and concentrated to yield 156.3 mg

(98.9%) of the phthalic acid. White solid; mp: 162-164; IR: 3100, 2980, 1730, 1700, 1440, 1430, 1310, 1270,
1130, 1110, 800 cm™; TH NMR: 5 8.11 (s, 2 H, Aryl H), 3.91 (s, 6 H, CHa).

3,4-Dicarbomethoxyphthalic anhydride 8

In a 100 mL round bottomed flask fitted with a condenser closed with a calcium chloride tube, 156.3 mg

(0.55 mmol) of 7 and 0.5 mL of acetic anhydride were placed. The contents of the flask were refluxed

gently for 15 min. On cooling white crystals appeared. The crystals were collected on a filter, washed with

ether and purified by sublimation under high vacuum 0.067 mbar (0.05 torr) at an oil bath temperature of

s0 130°C to yield 110 mg {75%) of the anhydride 8. White solid; mp: 178.5-179.5°C; IR: 3110, 3040, 2980,

1860, 1790, 1770, 1740, 1720, 1440, 1300, 1250, 1100, 910, 900 cm™'; 'H NMR: 3 8.38 (s, 2 H, Aryl H),
3.95 (s, 6 H, CHa).

Imide @
65
Distilled butylamine (0.075 mL, 0.05 g, 0.7 mmol) was added to a solution of (198.1 mg, 0.7 mmol) of 8
in dimethylformamide (DMF, 2 mL). The contents of the flask were stirred for half hour at room temperature
and then refluxed for two hours at 150°C under argon. Removal of the solvent by high vacuum distillation
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esters and nethyl esters was used to create the dissynetry needed in the

i mde portion of the nolecule. D bgp@ga.lg E){I enedi car boxyl ate was prepared
usi ng the procedure described in J.C I'n Trans 1 1973, 23, 2024 to G
Low et al. The formation of dibenzyl ether in the esterification reaction
was m ni mMi@eeedty srefariveTILCOR imnt thzk diticit del; EEIACHIBXaAS 1:DaBEZY| 17818 mg s Vi ofl khg.
The di benzyddudtathe Barldaotrdspariing Pohighest Ry White éritdise inpr €3-685C; IRS2980(12280; @ T¥5 1740,00!
t he fl ask 1780, TGN 710,M300, A840; €280 @MDY &H NNMRr H8lUCY, R bt Agf HRB.83 (sn6 &I, CH)e3.6%/6.t2skHn
The Di el s-CHalade therNb,aicaSi(quintadf2 idi Gble 182y the draide ), @.8% (exdelrid O atte thaliraide N), 0.82 (t,

3, 4- di car BowdHaloxyf uran proceeded in a respectable yield of 50% (5).
Deoxygenation of 6 using the McMurry's reagent [err] in di methoxyethane
(DVE) | ed Rigid41060% vyield of the pyromellitic tetraester 7. Using THF as

t he sol vent Ied to consi derabl e poI THF for rratlon under the reactlon
condltlons

Bl d
W'B‘rPﬁ%!’% ’P :
e @Yggvgﬁ% o 5»; i "g? gﬁg% re;gif,ﬁo; r:
o soeno gt SId. hede A g va g%ggi‘ Aing E%gw y”"g w

I car f
acid 7 | 3%5 13661 P&; QeCH to

a 75% yl eltﬁLN)lms Z«ﬁ Ien cﬁz ﬁtt %earnafwdwﬁqs& ﬁwet ﬁ\ﬁeWé&i '3514'0 yed
byt yl anine and purified 8 used in an exact 1: 1 rati 0. Excess buty am ne

react ed Wanhydibg1iesters 45 under the imdization conditions to give the

\ S-butyl imde. The nethyl esters were then cleaved using Lil in pyridine
to the #i aci Diadd) 10 (1556 MaREdy0. 5 mB M0t adefid drpdridé @b .reflulsddrier 30\iih th A1ftasia Sittddlvith a
sol vent wondenser edppbdiitvd dring tube bfedalelpn dhibded Thef faskreas them dobled toaraant tetiperature
forced t hend éting (B0%) nf théproduot wasrcdlledied by filiratian. |Vt isolig; 1RG1000 8050, 2980, 968| 2880, The
di aci d wasi8sthaTBodRe,dAeE $300,6i280 11809100628 niny'diH MR & 8.42)(sv2HtArd HASITS @r 2 HeCHR 1.
The secondr o M).di63 fuinteh 21, CHz A tacthd imideb.rileiBseiteta Holit| v 10 ithedwidel &k 0§r€b%tlh¢l§e)t o]
yield 3%(67% . The alcohol 3 was then 50 converted to the nesylate 12 in
spite of '-’t'%‘“'g‘bﬁrl ng solubility in methylene chloride and nost ot her

sol vents, usin a d| ut e solutlon of the al.cohol in neth | ene chl ori de and

st andar d conﬂ' °' %efé%%grf;‘%'l? ?’8‘?{‘{;%3}? %F?r% 'BEPP'HS&%@adee
by /ref | UXI

descri bé’d il efl EE fﬂgsd)‘ volu sbf me nec loridle ?% is v:rtu%r ms Iu |n a %1t|ln
step in th .b ifri

the nit rog,e;had b\Br | g%gl imid8

excess of 1ie ik o,ﬁ aabh e

%ﬁ@-d (@orﬁéﬁi on oQJurst 6th rﬁi@u% 9’% s9 Qoé-ébsC@EH%

yi el d og tdap, z@@t 11%661?26\/3«%({55%0 19100, 725843 14 RAMRRDCIHT § beP(s] H }-\ry beLEk 15

[eryl COOHAA'BB', 4 H, para substituted aryl ring H), 5.68 (br s, OH), 4 {t, 2 H, C2,) alpha to hydroxy), 3.72 &, 2 H,
CHz alpha to the N), 3 {t, 2 H, CHz alpha to the phenyl! ring and beta to the hydroxy), 1.55 (quintst, 2 H,
CH beta to the imide N), 1.23 (sextet, 2 H, CHz ~ to the imide N), 0.8 (t, 3 H, CHa).

40 Mesylate 12

A stirred solution of 64 mg (0.16 mmol) of 3 in 70 mL of methylene chloride was cooled under argon to
-10*C and treated with 0.5 mL (363 mg, 3.6 mmol) of tristhylamine followed by dropwise addition of 0.3 mL
(0.44 g, 3.9 mmol) of methanesulfonyl chloride. The flask was stored at 0-5°C overnight. The solution was
45 poured into a sep funnel containing ice, washed sucessively with with 2N HCI, brine, and satd NaHCOs;
soln; dried over MgSOs, filtered, and evaporated to give 71 mg (93% yield) of the mesylate 12. White solid;
mp: decomposed to a black mass 150-200° C; IR: 2960, 2940, 1780, 1720, 1700, 1170, 1090, 725 cm~1; 'H
NMR (CDCl3): & 8.3 (s, 2 H, Aryl H), 7.35 (s, 4 H, para-substituted aryl ring H),4.39 (t, 2 H, CH> « 10
0S0:Me grouping), 3.7 (t, 2 H, C22 « to N), 3.04 (t, 2 H, CHz « to phenyl ring), 1.63 (quintet, 2 H, CH; 8 to

s0 imide N), 1.32 (sextst, 2 H, CHz ¥ to imide N), 0.89 (i, 3 H, CHz).

Viologen bis-imide 16

Monoethylbipyridinium iodide (REF) (32.3 mg, 0.1 mmol) was added to a solution of 71 mg (0.15 mmol)

s5 of mesylate 12 in DMF {1ml). The contents of the flask were refluxed overnight at 138°C under a blanket
of argon. DMF was removed by high vacuum distillation, and the product in the flask was stirred with 30 mL

of methylene chloride to dissolve the excess mesylate 12. Filtration through a sintered glass funnel led to

an yield of 46 mg (60%) of the orange-red product. mp: >250°C; UV (DMF): 250 nm (¢ 19700), 402 nm
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30 [err] Bu OH [err] 50 Many vari ations
are possi ble at the second im di zgd ? ?479@ One inportant variation in
particular is the identity and length o e spacer group between the
bis-imde and violene noieties. O particular interest are oxyethyl ene
spacers q@bso);hwe 3440 220} 2960) 17102172p,al630, m390 L1200; AOEDAB40] 720 cX'y B NMR @MF-¢; )i 2078

Wer e UNUSANBH' \ 8rArg tHik ko the pasitivalye ahairgedd 8] 9i (bveffappiig IAX'BBY, 4 Y, eyt i Bits the pBRely 26
(2), 287 chapgekidl).ra.28 (s, B.H\ArybH), 255 (ABIBSNH ¢ ¢t parmsubbiitutdsi syl ring die5.28¢ 2H, GHe alpha to
conponentNs agpd inpthyignelp 4OT (trAH,tClaalpbp toN* ahdemetisdu3 67 (overiapping tripleh 4 41, CHLx to\itaidg i ng
t hese €omrod & s 19 phenyd ripad:46i(® 3 HASOEMa)alk72i (11§ He Bl thecathyligyauph {162 dquistet. |3,

r edox an@ sélt‘? imidetN)t 134 3epstate  Hi @i oip imipeN)e 0-Bit i, Chib of buighgrowht s and reagent s
were rea gV%{'aé‘O'BF'"B@?'Péabtat&Pﬂj%i @M, sqiigon, of + B MK, with @ Mofgtrabypylapaonium

ot herwi s 3°'at?%‘«“‘% Pty a0 ravissh s shenedn Big-2 Arolagps vqre mpasuied ggpingt SCE).

spect r ophot “‘ P(EE “i)ﬂe?'%ﬁgeﬂ?{?té%gt thditerans %"?"‘P’f is shoppbyyths $4o e sﬁi"“"e

i ndi cdf e@"er data incl u abso tio L}Oere %%80 sg
cm|er] thts g%rge nﬁgcﬁ ;% 8 ﬂ‘ 8‘”? él‘"&eﬁm %Y e|’r]
UV-Vi s spect ra vvere r y Packard 8452A di ode array

spect ron%t,,eor . Proton NNR were recor ded on an I BM 270 MHz instrunent at room
tenpergture in acetone- [err] unless otherwi se stated. Melting points were

det erm ned @n-d@a"g'_ﬂi.g yrilfhB RSmptaRAr at us and are uncor- 5 rected.
D| el;s- Al deN-dRRlBLbisyriindiboripdir@s of 1.2 g (4.1 nmol ) di benzyl

'y eneg-@Rkiaa ¥y bRdnentibidle Bomdouris (4. 1 nmol ) of 3, 4- 10 di car bomet hoxyf ur an
wg_)e r ef INnNcaidikgi31BebREnanthigling compourdsl ene for 24 h. Renmpval of sol vent by
r ot ar \eo evapt4-dipygine coopdundsed by preparative TLC (2mmthick silica gel
pl at es; pbthayirdiveaneot) complbkesgave 0.96 g (50% of the Diel s-Al der adduct (the
band cor Neadgypyddingeompounde | owest Rf . Di benzyl acetyl enedi carboxyl ate (8%
was recovered (the band corresponding to the highest [err]. Attenpted
purifi cat®resatosf t he Di el s- Al der product by distillation led to
retro-2Pi els Al der reaction. Product 4 was a viscous syrup; IR (1% ([err] 15

sol ution "363%?"‘!' GW'&V?QI’Q?"‘“T‘?% 1440 1300 1260, 1125 cmjerr]NVR [err]
7.37(m "EF% ithalep °ta° ' ., 4 H CH2, 3.7 (s, 6 H,
CHerr]) . gz (5% g’ é)‘ﬁ?teGZO Twi ce-distilled

N 2- di jre /= hen over K) was used for
this &Xpghy '°' v%m; e °ro°@£rﬁ """ﬁl R [k
L R SR L
yel | ow sol |xd separat ed III_| t hium al urr?rnum hydr | de ('{Af\H 0 ng, I mol ) was

adged aery cautiously so as to avoid abrasion which can cause the LAH to

nite. The yellow solid dispersed, the color changed to 25 green and
flnaIIy to bl ack. The cooling bath was renoved. Triethylamne (1 m., 7.2
mmol ) was added and

40

50
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the contents of the flask were refluxed at 85[err] C for 15 mn. The flask
was then cool ed to room tenperatur P 0'z Lel.s- Al der adduct 4 (471.3 ng, 1
mol ) was added to the flask and the contents stirred at roomtenperature
for, 1.5 h. The reaction was worked up by adding 100 nL of ice water and
extracti ng thrice with nethylene chloride. Addition of excess water helps
clarify the deqpTRANMOLECULARI OH AREENTRMANBRER&ATSeparati on of the
two layers clearly. The organic extract was dried over nmagnesiumsulfate
and evaporated to give 430 ng of the product (93 %crude yield). The flask
cont ai nisng the organi c extract devel oped a white non renovabl e deposit on
wal s due to titanium di®xide. @scous liquid; IR (1% CHCl[err] sol ution):
3040, 2960, FHMD, 1270 Ih13 14h0 cnferr] 8. , Ar H, the ring

havi ng the four e t en _L e s r H of the benzyl
group), 5.27 (s, 5) CHs 5 @ \)

3, 4- Di ¥ bonet hoxypht halé%c aci d“? A solution of 5 (260 ny, b in
et hanol / et hyl acetate ( m., 301) cont ai ning 5% Pd/ C (30 ﬁg)a%dw%uﬁj ected
to hydrogen at 0.413 bar (80 psi) in a Parr hydrogenatar until the
cal cul ated anount of 40 hydrogen was used up. The m xture was filtered
through,,a bed of Celite and concentrated to yield 156.3 ng (98.9% of the
phthalic acid. Wite solid; np: 162-164; IR 3100, 2980, 1730, 1700, 1440,
1430, 1310, 1270, 1130, 1110, 800 _cm([err]; "HNVWR 8.11 (s, 2 H Ayl H),
3 (s, 6 H CHs). 3,4-Dicarbo hoxyph¥hal i ¢ anhydride 8 45 In a 100 nL
d bottomed flask fitted wt er closed with a cal ciumchloride
tu e, 1&6.3 (0.55 mmol ) of Ml of acetic anhydride were placed.
The cont ent )the fl ask pwe en for 15 mn. On cooling white
crystal s appeared. The Pere colQ filter, washed with
ether and purified by under 0. 067 nbar (0.05 torr)
at an oil bath tenpera 130[ er to'Wlll d 110 ng (75% of the
anhydri®fe 8. Wite solid; \n:p/ 178.5-179.5 [eXxl/ IR 3110, 3040, 2980,
1860, 1790, 1770, 1740, 1720, XF4¢~1300, 1250, XTQ¥,~910, 900 cnierr]8.38
(s, 2 H Ayl H, 3.95 (s, 6 H CHs). Imde 9 55 Distilled butylam ne
(0.075 m., 0.05 g, 0.7 mmol) was added to a solution of (198.1 ng, 0.7
@l ) of 8 in dinmethylformam de (DVF, 2 nL). The contents of the flask were
stlrred % or half hour at roomtenperature and then refluxed for two hours
at 150[err] C under argo of the solvent by high vacuum
dIStI||atIO#:B4 EP O 1 547 g1 foll owed by preparative TLC (2 mmthick
silica gel; EtCAc/Hexan . % yi el d) of the product
(the bagd correspo 4 JLystals; np: 63-65[err]C
| R 2960, 2780, 1775, 17 1726741710 1340, 1280 cnferr]8.1
(s, 2 H Ayl H, 3.93 (9 6 H ¢ err] to the N), 1.65
(quintet, 2 H [er] to the imde N) 2 H [err] to the inide

. 0.92 (t, -
N 2 ( I", 050,CHs

o
#4) 1] i

0 0 1" 0S0,CHy

50
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5 [err] Dhacid 10 A pyridine (5 nl) solution of :hp2.9:ehp2. (174.1 nmgy, 0.5
mmol ) was heated under reflux in & %g%ép at nosphere with 0.5 g (3.7
mol) Lil for 2 h. The reaction mx?ure was cool ed, the solvent evaporated,
and,finally water was poured into the flask and acidified to litnmus with
di lute HC Hie ethere@ extraQt of this m xture washed twice with 2N
HCl, with f# e contai Hi ng smalll anpunts of sodiu fite to renove traces

of iodine, drieq oyer,J€ : §rated t (98% yi el d)
of the diacid IOV ol ; s

[err] C, vaporized
at 1725173 C, | R 3410, 3109 0, 80, 1740,

, 1400, 1370, 1140
crerr] -"HNW [err] ¢0.2 (brQs, COOH), 8.12 (s, 2 H, aryk 9§ Gy Tt, 2
H CH2 atothe N, 1.66 (quintet, 2 H [err] to the imde N, 1. (Sextet,
2 H [err] tothe imde N 0.93 (t, 3 H CH3). Anhydride 11 20 D acid
10 (155.6 ng) and 0.5 nL of acetic anhydride were refluxed for 30 mn in a
flask Pitted with a conden with a drying tube of cal cium

chl oride. ghe flask was th to roomtenperature and 112 ng (80% of

the produft 8hs col | ect ed i on~\thi te solid; IR 3100, 3050, 2980,
2965, 2880, 1860, 1 200, 1 2305, N AL280, 1180, 910, 620 cnferr] NWVR
a 8.424(s, 2 H AW 3 H ™ ato N). 1.65 (quintet, 2 H

[err] to the imde » 1.3%(sextetg] 2 H, [eﬂr] tothe imde N, 0.9 (t, 3
H,-:%g—l[err]). 25 Bi sim de 3 p-Phenethyl al cohol=29~ng, 0.2 nmol) was added
to~a solution of 58 my (0.2 mml) of 11 in N nethyl pyrrolidinone (1 niL).
The contents of the flask were initially stirred at roomtenperature for 2
h, ande30 then refluxed for 5 h under argon. The sol vent was renoved by

hi gh vacuum distillation and e contents in the flask were dissolved in

| arge vol umes of nethylene chl 8¢jde (the product is virtually insoluble in

all other solvents tried). The ne chloride | ayer was washed 2N HCl ,
brine, and finally with s | n, ~ad over MgS(err],
filter®d and evaporat of the unsynmmetri cal
i mde 3. - white sol | ation occurs on the
m crocover gmasses), 308 30 Ohp. ) N+® 3400, 35 2960, 2940,
1780, 1720, 1700, 1400 0, 725 cnferr] ;\.1.I:|/NIVR (ebcqerr]): (MBB, 4 H,
Para substituted aryl Njng ®), 5.68 (br s, OH), 4 (t, 2 H C22) alpha to
hydroxy), 3.72 (t, 2 H, al p the N), 3 (t, 2 H [err] alpha to the
phenyl ring and beta t @ @) 11554')ﬂu'bqt.et, 2 H CH2 beta to the
imde N, 1.23 (sextet, f rr] to eS'mde N), 0.8 (t, 3 H,
CH err]). 40 Mesylate NstirN solution of 64 ng (0.16 muvl) of 3 in
70 nlL gof net hyl ene chl ori de cool ed under argon to -10[err]C and treated
wiitlh 0.5 nL (363 ng, 3.6 mmol) of triethylamne followed by dropw se
addition of 0.3 nL (0.44 g, 3.9 nmol) of nethanesul fonyl chloride. The
fl ask waZhe tobowirgy @inpbunts @re@xamssndogiinplatdd @s alymidric GritramvaiBcuthb chagfUifaasler faltd) a
sep f unnd@&his tshistezenmlangorilycand noidigltiegl sucessively with with 2N HCl, brine, and
satd MaHCO err] soln; dried over MJSO4, filtered, and evaporated to give 71
ng (93%yield) of the nesylate 12. Wite solid; np: deconposed to a bl ack
mass 150[err] IR 2960, 2940, 1780, 1720, 1700, 1170, 1090, 725 cm'; 1H
NVR (CDCl[err] 8.3 (s, 2 H Ayl H), 7.35 (s, 4 H para-substituted aryl
ring ,4.39 (t, 2 H CHerr] ato [err] grouping), 3.7 (t, 2 H C2 ato
N), 3704 (t, 2 H CHerr] ato phenyl ring), 1.63 (quintet, 2 H CH2 [err]
to 50 imde N), 1.32 (sextet, 2 H [err] toimde N, 0.89 (t, 3 H,
CHerr]).
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Vi ol ogen bis-imde 16 anoethylbipyridiniun1iodide (REF) (32.3 ng, 0.1
mmol ) was added to a sol ution of q?%ilﬂnﬂ) 55 of nesylate 12 in DWF
(1 mM). The contents of the flask mere re Qed overnight at 138[err]C
under a bl anket of argon. DMF was renoved by high vacuumdistillation, and
the product in the flask was stirred wwth 30 nL of nethylene chloride to

di ssol ve the excess nesyl r N&gh a sintered glass funne
led to an yield of 46 ny g Fl—ﬂt'rge yr%ﬁgse‘q]ed product. np: >250[err]C;
UV (DVF): 250 nm ([err] 19700), 402 nm 15 EP 0 431 547 B1 ([err]980)

H
NNR (DNF d7): a 9.74}(M BB Iﬁﬂito the p03|t|vely chargeg N), 9
(overl apping A BB, 4 2

H Aryl H), #EE(MB', @
CH2 al pha to N+ and Ye¥hy 1.9 p
3.67 (o¥erl apping trijplet, 2 @gH2 a tollnlde N and CH2 a to phgnyl
ring), 2.46 (s, 3 H {SQ2Mwe), 17ﬂ(t 3 @ CHs of the ethy*..gr‘pup), . 62
(quintet, 2 H CH2 $&%0 inmde N, 1.34 (sextet, 2 H CH t'o’ im eﬁw
0.91t, 3 H CHs of butyl group). The cyclic voltananran1obta|ned of a1l nmM
solutio% of 1 in DM with 0.1 Mtetrabutylammoniumtetrafl uoroborates the

el ectrolyte at 50 mv/sec is shown in Fig.2 (voltages were neasured agai nst
SCE),. The UV of the various species generated at the different potentials

i s™shown by the side of the structure i7 generated in Fig.3. The foll ow ng
ag e exanpl es contenpl ated as acceptors and donors for internolecular charge
transfeg salts. This list is exenplary only and not |imting. Donors: 15

N, N -di al kyl -4, 4" -bi pyri di ne conpounds N, N -di al kyl -2, 2" -bi pyri di ne
conmpounds N, N -di al kyl -1, 10- phenant hrol i ne conpounds
N, N - di al kyl -3, 8-phe anthrollne qgnpoundsozo 0,0'-4,4"-di pyryline cgnmpounds
pht hal ocyani ne. met al fconpl exes N-jgl ky, pylldlne compoun Acgeptorst 25

NN - dlaMkylﬁp Wi aryl {

1,4,5, 8-na hal enet ]
3,4,9,10-pery|enetetr lic §iinrdesyN, N -ofal kyl orhulaNy
3,3 ,4,4"-bi phenyl tegxracarboxyli@ diimd@s 30 N, N - dlalky¥—1ﬁ di ary|
3‘3 4 4 benzophenonet.et r acar boxyl i ¢ dii m des; Y

35

. . .
) 1]
#3) ~}—N N,
* | i -
6§ (@r<e
_ NN dy
o X" Y=

It is contemplated that the first polymeric version can be achieved by hydrogenating 13 in the presence of
pyromellitic anhydride, isolating the amic acid and then dehydrating the amic acide under standard
s6 conditions to obtain the imide. It is contemplated that the third polymeric version can be achieved by the
displacement reaction of pyromellitimide dianion on the 4-monobromomethyi-2,2"-bipyridyl.
Examples of acceptor molecules for intramolecular charge transfer salts are selected from the following
list which is exemplary only and not limifing:
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any of the above wth cyano-, brono-, chloro- or fluoro-substituents on one
or nore of the aromatic rings. Tt’E‘P { ] conpounds are exanpl es
contenpl ated as intranol ecul ar charge transter salts. This list is
exenplary only and not limting X- and Y~ represent any anion. Ris
pr ef er ablaypmatic didnkydrid@igil@ing:35 40 45 50 55 16 EP D 431 547 Bl
| NTRAMOL pfrbihéiitic Giaitigtiide TRANSFER SALTS 10 15 20 25 30 O 0
[ err] 50 135 8héphthalehdfotfadastioxyié dielBiyddde10 #6) 15 [err] 20 25 30 [err] 35 The
f ol | ow n§4@dnpoviemitetracacboryiic diplhgdrideont enpl at ed as pol yneri c i ntranol ecul ar
char ges t B3h64biphenglletracarbPxylic dibrihgdride s exenpl ary-only and not limting.
3,3',4,4'-benzophenonetstracarboxylic dianhydride and
any of the above with cyano-, bromo-, chloro- or fluoro-substituents on the aromatic rings.
Aromatic diamines including:
1,4-phenylenediamine
10 1,3-phenylenediamine
bis-(4-aminophenyl)ether (oxydianiline)
4.4’-diaminobiphenyl.
Aliphatic diamines including:
1,6-hexanediamine
15 1,4-diaminocyclchexane
bis-(4-aminocyclohexyl)methane.

o Polyesters including:
poly(ethylene terephthalate)
U poly(1,4-butylene terephthalate).
20 Radicals of compounds containing a carbonyl group conjugated to a substituted and unsubstituted

aromatic moiety represented by the following structure:

0
i

—C

25

30 Aromatic imide compounds and benzoyl compounds contain this group. Examples of aromatic imide
compounds are polyimides and modified polyimides and terephthalates. The Encyclopedia of Chemical
Technology Third Edition article entitled, "Polyimides”, Vol. 18, p. 704-719, describes various polyimide
materials including homopolymers. _

Examples of acceptor moieties (also referred to herein as a radical anionic moisty) for intramolecular

85 charge transfer salts are selected from radicals of substituted and unsubstituted forms of the following list of

A4 noutral compounds which is exemplary only and not limiting: unsaturated aromatic hydrocarbons, aromatic
carbonyl compound, imides, diimides, carbodiimides, anhydrides, quinones, quarternary aromatic nitrogen
compounds, azomethanes, immonium salts, azo compounds, amine oxides, nitro and nitroso compounds,
organo-metallic compounds, quinolines and quinoxalines.

40 Examples of donor moieties (also referred to herein as a radical cationic moiety) for intramolecular
charge transfer salts are selected from the violene compounds which are described in the Hunig articles
incorporated by reference herein above.

It is contemplated that the intermolecular and intramolecular charge transfer salts described herein can
be crystallized according to the electrocyrstallization technique described by Bechgard et al. in J. Am.

45 GChem. Soc., 103, 2440, and by the crystallization techniques described in Guide For The Organic
Experimentalist, H. Loewenthal, Pub. Haden (in particular at p. 97). Reduction of compound 16 using the
fully reduced viologen, following addition of a nonsolvent to grow crystals will produce the state that the
molecule is contomplated to show conductivity. It is contemplated that polymerization is achievable by well
established methods, described herein, C.E. Sroog, J. Polymer Sci.: Macromolecular Reviews, Vol. 11, pp.

so0 161-208 (1976). Scheme A and scheme B below are exemplary only and not limiting.

55
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40 45 50 55 18 EP 0 431 547 B1 POLYMERIC VERSIONS 5 15 20 25 30 35 46 50
[err] It is contenplated that the Eb'od31R@y BHEri ¢ version can be achieved
by hydrogenating 13 in the presence of pyronellitic anhydride, isolating
the amc acid and then dehydrating the am c aci de under standard 55
conditions to obtain the imde. It is contenplated that the third polyneric
versi on can be achi eveYNTHE $kS dOEpPOI¥MERS reacti on of pyronellitimde

di ani on on the 4-nonobrononet hyl -2, 2" -bi pyridyl. Exanples of acceptor

nol ecul es for intranol ecul ar charge rﬁgsfer salts are selected fromthe
follow g |ist which is exenplgry onliy a@d.pot liniting: 19 EP 0 431 547
B1 Aronmatic di anhydrides incl i '(% | anhydri de

1, 4,5, 8-napht hal enet etracar box #anhy e |®

3,4,9,10-peryl enetetracar boxyl yc diadhydride 5
3,3',4,§'-biphenyltetracarboxy i ¢ di anhydri de
3,3',4,5‘-benzophenonetetracarbox | i ¢ di anhydri de and aﬁ% of the above with

cyano-, bromo-, chloro- or fluoro-[stigs{PdL€nts on the ar i ¢ rings.
Aromatic diam nes including: 1 .4-phenylenediam ne 10 1, ggylenedianine
2
15
et il |
/ NH=-

20
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bi s- (4-am nophenyl ) et her (oxydi aniline) 4,4'-di am nobi phenyl. Aliphatic

di ami nes including: 1 ,6- hexanedipyi4a¢ sdPpl, 4- di am nocycl ohexane

bi s- (4-am nocycl ohexyl ) met hane. Pol yesters including: poly(ethylene
terepht hal ate) poly(1 ,4-butylene terephthalate). 20 Radi cal s of
conpounds containing a carbonyl group conjugated to a substituted and
unsubstituted aromatic noiety @epresenfed by the following structure: 0 -
-C 30 Aronmatic imde conmpounds ehNbezoyl conpounds contain this group.
Exanpl es of aromatic imde o ar gy pr!¥i m des and nodified polyim des
and t érepht hal ates. The Encyc : oL/ Chem cal Technol ogy Third Edition
article entitled, "Polyimdes"Jl Vol. 18] p. 704-719, describes various
pol.yi mi de materials- including Kbropol y€krs. Exanpl es of acceptor nvieties
(also referred to herein as a radical anionic nnig%yn quivtranDIecular 35
charge transfer salts are selected fromradicals idE ibé Eﬂfﬂ&ﬁ?d'
unsub%ituted forns of the following |ist of neut u chis
exenplary only and not limting: unsaturated aromatic hydrocarbons,
aromati c carbonyl compound, im di i saees, carbodiim des, anhydri des,
gui nones, quartemary aronatic I azonet hanes, i nmoni um
salts,, azo conpounds, am #Ae 0sSO0 conpounds,
organo-netal | i c conmpoungs, quinolines and qui noxal Knes. 40 Exanpl es of
donor noieties (also referred to herein as a radical cationic noiety) for
i ntranol ecul ar charge transfer salts fare selected fromthe viol ene

goppounds which are described in the jHunig articles incorporated by
refersmnce herein above. It is conteng t e p rmol ecul ar and

i ntranol ecul ar charge transfer salts aegi"bggt'meéeiqwlgn be crystallized
according to the electrocyrstallizati¥n techni que descri bed by Bechgard et
al. inJ. Am 45 Chem Soc., 103, 2440, and by the crystallization

t echni ques described in Guide For he Orga&i c Experinentalist, H
Loewefft hal , Pub. Haden (in particuar at py 97). Reduction of conpound 16

using the fully reduced viol ogen, fe e\ addi ti
grow crystals w |L_prodyes the 8 I
show conducti vi t @ @ N ; Dol ymeT i
el | establisp€d ode_descri beg C.E. Sroog, J. Polyner 3ci.
Macr offol ecul a\ Revi ews, Vol . 11, pp. 50 161-208 (1976). Schene A and
schene B b are exenplary only and not limting. 55 20 :
)
- 35
1%
SCHEME B
40

Preparation of intermolecular Charge Transfer Salt

Using a literature pracedurs (M. Mohammad, J. Org. Chem. 1987, 52, 2779-2782.), disthyl viologen
diiodide was reduced by stirring in acetonitrile over magnesium turnings for 12-24 hours. This reaction and
45 all subsequent steps were carried out in a nitrogen glove box. The red-orange solution was decanted from
the excess magnesium and evaporated. The solid residue was dissolved in pure n-heptane (distilled under
nitrogen from sodium). The heptane solution was passed through an ultrafine fritted glass filter to remove
magnesium iodide, then evaporated. The darkly colored residue was then dissolved in pure dimethox-
yethane (DME, distilled from sodium under nitrogen). The conceniration of reduced viologen in the solution
60 was measured by coulometry of a 1-ml aliquot in 50 mi of 0.1M tetrabutylammonium fluoroborate in
dimethylformamide. This concentration was then used to calculate an equimolar amount of N,N-dibutyl-
pyromellitimide which was weighed and dissolved in the DME solution of reduced viologen. Dilution of the
homogeneous solution with 3-4 times its volume of n-heptane and chilling at -20 * C resulted in precipitation
of a fine, purple powder. Four point probe measurements of pressed pelieis of this powder showed

55 conductivities of 10% - 10* S/cm. under argon. Conductivity degraded in air.
Small crystals of this material were obtained by exposing the DME solution of the 1:1
viologen/pyromellitimide mixture to n-heptane vapors in a closed container. Slow inter-diffusion of the
solvents resulted in crystal growth at the bottom of the container which originally contained the DME
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EP 0 431 547 Bl SYNTHESI S OF POLYMERS 5 [err] [err]

10 5 20 25 30 40 [err] 50 SCHEME A 55 21 EP
0 431 547 BL 5 [err] X 1S ANy 10  EP 0431547 B1

LEAVI NG GROUP 20 REFLUXI NG DVF
25 ° 0 30 35 SCHEME B 40 Preparation of

I nt er ol ecul’d) ah 9 d asifes o'f’%et r‘e’s%n{‘ﬁhv&n i bIBGRREHS ek PHERing Mims can be
MDhammad,  JiormiddOror EHBle, hsdeneDdg. 2AidSoR, S Do poishad land LIQbRELBhS b SfusFEe, A
was reducedcohme@hlaha la"HBbnbMerRCRPBINKMalify S Rlide HEPCShj§atddUb 3h Ebnali® Mmoidy; 64. a
hours. TRBi Spis-fidel icai bd Ndbpdsiedi ohto Sthid Sifké] HRd) twhich 8% AMBErBadC & fok® G E3Idr dhingthg film.

ni trogen gl AmatdRly, thd Bengobilt @RRNEPE a Tarbbryl roupdajughtisaad areglorhdtio MolelyCe.g)aSifide,
magnesi um adad be\pdlymehdes Gnd diasosed bitdl ai eBtitbde adis vidiess o ey@ting tan[bar disptisel @ptoahee
(distilled poneer ind #hicgie is dbsabadsio doronndn. elebhrechbreipsl anler chahgirigi fim. Byathe prathedsiof the
t hr ough an présentainventionf it iig tentbrmplatesisthéti these rfilniso cane b aderelgetdmiyu pondaxdived 4).S. t Ratant
evapor at ed. 4.9M 829 ter Skbthers @f Y« tedchee s dlaciroshemicaheivr diasgrotell davingra ¢pndustingi peivimienen
yet hane ( DMR, elefitrods. [The ¢orfdugling Solmameantaing reolat thangiem pigmanie whiolh ckange gelorowhepfthe
reduced vi ofolizgeris ghanged betwgerthe diplayoeleciiade ang thoypowrterisipcieqsipd Rolvimers\and pthey ejaciipac-
al i quot i n tye materigle vith rRlox Sitesa #ya topPakiendd rAlagiiFal | carduelion e syvelled with an electrolyte as
di met hyl f or‘??é?ﬂbﬁ% in Wﬂegd'%ﬂﬁﬂmapew@h sm?é "t"n'éq'. %@Mdﬂ%iawam&vé%ﬁm entitied

equi nol af® ar

Fm an| iPI t ?3?{!3 present
at / 1952 fl d
di SS.‘@ lved I& :{‘em%erq?%a;s entit M&f ilelayere ructures Epﬁe;n;?aeﬁyfachve MBIena?ls bnd Metl::ds C())r;

P Fabrication Thereof" which is assigned to the assignee of the present invention.

’ ‘) It is to be understood that the above described embodiments are simply iliustrative of the principles of

20 the invention. Various other modifications and changes may be devised by those of skill in the art which will
embody the principles of the invention and fall within the spirit and scope thereof.

Claims

25 1. Intramolscular charge transfer salt comprising: _ .
at least one radical-cationic molety having at least one unpaired electron;
at least one radical-anionic moiety having at least one unpaired electron;
_ said radical-cationic moiety being joined by a covalent link to said radical-anionic moiety with said
) covalent link substantially preventing interaction between said at least one unpaired electron on said at
30 least one radical-cationic mo:ety and said at least one electron on said at least one radical-anionic
moiety.

2. Intramolecular charge transfer salt of claim 1 wherein said covalent link is sufficiently rigid to
substantially prevent interaction between said at least one unpaired electron on said at least one
35 radical-cationic moiety and said at least one electron on said at least one radical-anionic moiety.

N

3. Intramolecular charge transfer salt of claim 1 wherein said covalent link is sufficiently long to
substantially prevent interaction between said at least one unpaired electron on said at least one
radical-cationic moiety and said at least one electron on said at least one radical-anionic moiety.

4. Intramolecular charge transfer salt of claims 1 to 3 whereln said radical-cationic moiety is selected from
a violene radical and a cyanine radical;
and wherein sald radical-anionic moiety is selected from the group consisting of a radical of a
compound containing a carbonyl group conjugated to an aromatic moiety,
45 or aromatic hydrocarbons, aromatic carbonyl compounds, anhydrides, quinones, quarternary aromatic
nitrogen compounds, azomethanes, immonium salts, azo compounds, amine oxides, nitro compounds,
nitroso compounds; organometallic compounds, quinolines and quinoxalines.

5. Intramolscular charge transfer salt of claims 1 and 4 wherein said radical-cationic moiety is a violens
50 radical and wherein said radical-anionic moiety contains an imide group.

6. Intramolecular charge transfer salt of claim 5 wherein said radical-cationic moiety is a viologen radical
and said radical-anionic moiety is a bis-imide radical.

65 7. Intramolecular charge transfer salt of one or several of claims 1 to 6 wherein said charge transfer salt is
in the liquid or solid state or polymerized. .
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horgogeneous solution with 3-4 times its volune of n-heptane and chilling at
-20 * Cresulted in precipitation g,f,.oq'a?l giPurpl e powder. Four point
probe measurenents of pressed pellets of this powder showed 55
conductivities of 10[err] S/cm under argon. Conductivity degraded in air.
Snal | cr yssomtiod. of this material were obtained by exposing the DVE sol ution
of the 1:1 vAebdingnd fhereanhingd bii the gessent Nriventian blectrctvezhiliynenlor apangivg ifilmsacas| bes ed
cont ai ner .forBled\iFor axagpleda vicless, ®19. @fvioloban, saml hecprlymerized ahd digposerd oo/ st eibctrgdeowt h
at the botaownerioh anche mopgmes¢ wempowpd keving pi giidradroup eoiugatadrie @n @emad\Boicty, 6.9. aEP
0431 547 Bisimislueanobe degositaddentry the Jilm Hedo twhigh Ht isgebserbed feefopm @sealar dhengisatfin
el ectroc he&i‘?@@ﬂ"?'y- theptompound Seriaining & qarbary! gravp @elusa@ﬁdﬁ%en arqragtic @pigty-@ @ big-imide,
vi ol ene, be golymesized e, d'%?&-’f?dtf’émrfdl Pz"@‘?jadﬁb"‘ﬂ?’s?é'ﬁ@dcaﬁr?ﬁ 'sa?fed onto the
el ect r ode. p° meb {19 yeh diis 2pge 'HES‘P@'P ' YS‘H?B Q‘fy éyﬂ’r the

m al ct ce coSgu

LS R e “‘?ﬂ i
Al Eerﬁlgtl v ;Sﬁig% |s elemilbse Eiﬁ%?&ﬁ&r%ﬂ@fz D

i ol
aromatic npl enal i re% %&s ablecﬁt“el %e asan
el ectrode g 5 &ﬂﬁgopfateﬁtyédah & sc’flﬁu Erﬁbe‘? i’@é
whi ch i, "ﬁng é%r% HicRing Rﬁ?ﬁ}g%ﬁlcﬁ énE% ﬁél‘ﬁ mQQésfaﬁ 3 A5difhed b nt t he
met hods Ofjnhtfen,PhrieS 891 tiesk/ibé N | cBPbntii sérB@hunitd ﬁamnlgbérﬁneeaaa e
nmede el eCtgebﬁﬁlbér)éscﬂﬁgjb'rﬁlﬁéd/ﬁﬁulﬂ la regzﬁFu@lmes bf)lefé]rerﬁﬁectQﬁ&lvé MatSHeS A8 MofHodsadr. .
t eaches arraBhcasidn TREBANWIGEH is S5igRYd t6 the BERINEAMT thelpraéérit fventisronduct i ng pol ymer on
an sel ect r odett ishb ®e anaatood thagthddshoysT@sscribad brabodBnefte la@l sirighaigtritge pi tHsTRMtiBles\b Ch
change 0|y invention. Vdfieus\tHet modifications rainfanged sy aaiavisdd vy tHosgdiakill il tiecdrrvnite waind
t he count esmbediycibé prindiples élalleyimmention amtFalbwithinrthecdplit sndseape therese mat erials with
redox sites are capable of electrical conduction when swelled with an
el ectrol yt@ams descri bed in copendi ng patent appl i cation serial nunber
07(290, 486 fil ed Decenber 23, 1988, entitled 15 "Method For Conditioning
An O gaffi ¢ P@F’WP‘E’W%F?"&'P“S%‘P%'SF% assigned to the assignee of the
present i nveﬁ‘t'?"’lﬁ??"eé‘ﬁ’lfa'&é“%@%%lﬁlnqﬂ'eéﬂ é"h Ig"@“’@mn'patent appl i cation
ser i al nunbeF't IadS?S'?“'P“'? E‘getéﬂﬁa"ﬁ@

L Fabr ayefaé E% 2L S e Z@ se"t%% EL@%$ 5 '%{ e e
& Fabr| cati

i nvent i 8n. %Stm? FAsE-caiens Y g%gﬁ‘@lfg TBRIE AL escrl Strr%'"edIr 'ca 'g°"5=re
simply |IIus rative of the principles of 20 t he |nvent|on Var i ous other

modi fi cat i Onguahclechib? BEHGS oP Sait 6 bigimd1 MhelefA0 aidit! fnk i ufiflent@ rgid 3! ch
will embody GiistaRiahy Srowtne ferictidn SotvieBlY 8814 'aPibaﬁrBfa?d iredVolottoR dn\BidSA ! 16est orNd
scope t@er eOtadichcatioRit méRty ahd sdidVit Is3STRhEQLUIBR orF AR ) l%ask b Yadi@i-anfoic tmoiety.

CQ[I]DI’I sing: at |east one radical-cationic noiety having at |east one

unpai red ed. egitrimdléculat chafs trandiee s&ifdi Gidiln RNWHRRINC sditD cevalgnthidk i 18 Gufiitiertipacdg wNe
unpai red el esibsiaitiallys pricvbnt Bibragtion- ibfrickD B2iC afiibagttone @pairgd plectde tbnlsgidaat deaenbrent
link to sai dradiaalicatiahic anoieyrand saithat isast one élértreroraltian labst trie rhdicakantomiosotet i al |y
preventfong interaction between said at | east one unpaired electron on said
at 30 4. ¢ yamaigsularr charge tiansfonsalt oh¢laims b locd whesindsaid aaditalatidnisarnietyin selecteddomon
on said at | axslenejadica andjacypningrdipat c

and wherein said radical-anionic moicty is selected from the group consisting of a radical of a
compound containing a carbonyl group conjugated to an aromatic moiety,

45 or aromatic hydrocarbons, aromatic carbonyl compounds, anhydrides, quinones, quarternary aromatic
nitrogen compounds, azomsethanss, immonium salts, azo compounds, amine oxides, nitro compounds,
nitroso compounds, organometallic compounds, quinolines and quinoxalines.

5. Intramolecular charge transfor sait of claims 1 and 4 wherein said radical-cationic moiety isa violene
50 radical and wherein said radical-anionic moiety contains an imide group.

6. Intramolecular charge transfer salt of claim 5 wherein said radical-cationic moiety is a viologen radical
and said radical-anionic moiety is a bis-imide radical.

s§6 7. Intramolecular charge transfer salt of one or several of claims 1 to 6 wherein said charge transfer salt is
in the liquid or solid state or polymerized.
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moiety. 2. Intranolecular charge transfer salt of claim1 wherein said
covalent link is sufficiently ri g ?Hbé antially prevent interaction
bet ween said at | east one unpai rgé(;d%%g'c ron’I on said at |east one 35

radi cal -cationic noiety and said at | east one electron on said at |east one
radi cal - @ani inwdnlebidr @hatge transtbr¥alt MR U&7 wHaRInGRid Ichagwtiansierssak is affinsaibtarion 1
wher ei n sai ah etsawiedl esnidudtarnk i s sufficiently long to substantially prevent
interaction between said at |east one unpaired electron on said at | east
one r adi @al licamioleowldr changs teansfergpitiofope of senerd east one el ectron on said at | east
one radi cal ofziainesnt to Grwiheeein/the rdranjolecuiat charge [trensisr aalt eomarisge an peeapireselected frorof
claims 1 tohggweRdei n said radical-cationic noiety is selected froma

vi ol ene r adirerpatic odiznhydridesy iclding pufomellitic diarhydiider d#§.8naphthalepgistiaearosylic ofianc

moi ety is shypide ebh9.10nemiend %E%Y'Eoﬁ'é?hmd&g S3h4.4bipbeayitetiacagbexylic (darpsidr
cont ai 1pi ng y%srﬂ gér'q?? Pe:g'f; t 'ccr 'é%‘é!ﬂf‘df’-oanar?%f"otﬁ%?‘?°(‘fe With exage- bremo-, chioggr
aromattc h ¥ 1S, opyl. ¢ unds, . anhydri des ui ngnes,
quar t er nar y:'}{%%; m§1r;$£§yi,'}e oS ST B o S
conpounds, 0OXC g o [ A ! nIe [ etallic
compounds, e cniy | ReSAIAN PeabihdcAIReRaTRPATN R ABSRTTR .,
sal t cl ] . %\A}@g ' [ . i~Qni i.ely is a violene 50
radj cg% anz‘somwﬁsét%g?ﬁg‘gﬂ% ra‘ﬁ!e?:e aﬁ@gﬂ?%ﬁ.cﬁﬁgi%!e%%g%&%n i m de group. 6.
I Q,taj anmol qg.Uhtimofeliidr $Rarbd RSibdalt 8Pdnb oPdovérhi@k Bims WMiEH Ghdei b Shiramolecular charge

radi cal - cat #4asbrCsali Bprsentdd By \GhbIABLRITWiNG | iéralilasWRbriP k€ akdBH feplosehary tinion
noisety i s aanBifSs prélefBly ey gloup:55 7. I ntranol ecul ar charge transfer salt
of onewor several of clains 1 to 6 wherein said charge transfer salt is in
the liquid or solid state or polynerized. 23 EP 0 431 547 B1 sol ution.
According to the teachings of the present invention electrochemcally color
changing filnms can be fornmed. For exanple, a violene, e.g. a viologen, can
be pol ynerized and di sposed onto an el ectrode. A counterion and a nonomeric
conpowhd having an imde group conjugated to an aromatic noiety, e.g. a 5
bi s-imde, can be deposited onto the filminto which it is absorbed to form
a color changing film Alternatively, the conpound containing a carbonyl
group conjugated to an aronmatic noiety, e.g. a bis-imde, can be

p.oJ/‘yrr%ri zed and di sposed onto an el ectrode and a vi ol ene or cyani ne can be
dispos%d onto the polynmer into which it is absorbed to form an

el ectrochem cal color changing film By the nethods of the present
invention it is contenplated that these filnms can be nmade electrically
conductive. U S. Patent 10 4,571,029 to Skothemet al., teaches an

el ectrggchem cal col or change cell having a conducting pol ymer on an
ehectrode. The conducting pol yner contains color changi ng pi gnents which
change col or when the voltage is changed between the display el ectrode and
the counter electrode. Polynmers and other electroac- tive materials with .
redox sites are capable of electrical conduction when swelled with an

el ectréol yte as

50
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descri bed in copendi ng patent application serial nunber 07/290,486 filed

Decenber 23, 1988, entitled "Mt hodgg 023 g:ghydb?l oning An Organic Polyneric -

Material"™ which is assigned to the aSSI gnee of the present invention, and

as described in copending U S. patent application serial nunber 07/411, 952

filed on Septenber 25, 1989.entitled "Multilelayered Structures O

D fferent %eﬁroacti vﬁ Vat eri%l's and Methods OF Fabri cati on Thereof" which
t

i s assigne t he assjgqpee t he sent enta is to be
under st ood t hat bbv .crmbe<2§§pvﬂh >_€ Iy illustrative of
the pringiples of 2 Y1 on rrou her dlflcatlons and changes

may be devised by thosg of skigl in the art which wll gmoboidrs
principles of the invention and fall within the spirit and sci Phereof
Clainms 25 1. Intranol ecular charge transfer salt conprising: at | east one
radi cal -cationic nmoiety having at |east one unpaired electron; at |east one
radi cal -"ani oni ¢ noi ety having at |east one unpaired electron; said

radi cal -cationic noiety being joined by a covalent link to said

radi cal -anionic noiety with saigl coval@nt |ink substantially preventing
interaction between said at le npaired electron on said at 30

| east ong radical-cationic noj | east one el ectron on said at
| east one r%(ﬂhal - ani oni pl ecul ar charge transfer salt of
claim 1 wherein said 9\-- ly rigid to substantially
prevent interaction a| red electron on said at

| gagt one 35 - radi A ] at | east one electron on
sai d at zbeast one radi cahsahi oni c noi ety. ‘S_Jnt ram)l ecul ar charge transfer
salt of claim1 wherein saidX0%y¥fent |ink is XUk¥iciently long to
substantially prevent interaction between said at |east one unpaired

el ectron on said at |east one radical-cationic noiety and said at | east one
el ectron on said at | east one radical-anionic noiety. 40 4. Intranol ecul ar
char ge ansfer salt of clains 1 to 3 wherein said radical-cationic noiety
is selected froma viol @e radi@al and a cyanine radical; and wherein said

radi cal - am"ﬁ"r&l: noi ety s sal eclf ed m t he oup consisting of a radical
of a conpound contajiag &p(Q Hdgated to an aromatic noiety,
4/ Q) aromatic hydr ar ; W conpounds, anhydri des,

()&
gui nones, quarternary atlomal’i ¢ ai trogen corrpo, azonet hanes, i nmonium
salts, azo conpounds, aRi ne oxi¥es, nitro carpsuends, nitroso conpounds,
organonetal | i ¢ conpounds, quinolines andedlf fxal i nes. 5. |ntranol ecul ar
charge transfer salt of clains 1 and 4 whereMf sald, OS@xMzcati oni c noi ety
is a viegdene 50 radi cal and wherein said radical -anionic noiety
cagtains an imde group. 6. Intranolecular charge transfer salt of claimb5
wherein saﬁg radi cal - ca0| oni c rﬂ)l ety is a viologen radl cal and said

radi cal -

Ak noi ety i ni radl cal . | nt ranol ecul ar char ge
transfer salt of Qpna _egN s n@ .q |d charge
transfer salt is |nthe ave pol

b 3 osozcng'

50

66
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EP Q 431 547 Bl 8. Intranolecular charge transfer salt of clains 1 and 7
wherein said charge transfer salt g i ator or an electrical
conductor. 9. Intranol ecul ar char gdell’s(?E:g'n??zérl'J salt of one or several 5
of glainmse 1 to 8 wherein the intranol ecul ar charge transfer salt conprises
an acceptor selected fromthe group of aromatic dianhydrides including
pyronel | i L#(‘s di anhydr Qde, 1, 405, 8- napht hal enet et riaear boxyl i ¢ di an- hydri de,
34,9,1 0- per}l enet et r ggar pQxylli ¢ ¢anhydri de, }
3,3', 4, 4" -bi phanykt oty a XYNi hygai dey N@z/\
3,3, 4,%" - benzopherion 0X yvankyd , ny of the above
with cyano-, brono-, thloro- 1D or fluoro-substituents-ofgligsgLemtic
rings; aromatic di am Res incl 8&ing 1, 4-phenyl enedi ani ne, - 2¥3
1, 3- phenyl enedi am ne, bi s-(4-am nophenyl)ether, 4,4'-diam nobi phenyl ;
ali phatjc diam nes including 1, 6-hexanedi am ne, 1, 4-di am nocycl ohexane,
bi s- (4-am nocycl ohexyl ) -neth- ane; 15 pol yesters including
pol y(et hyl ene terephthal at®), pol w1, 4-butyl ene terephthalate). 10.
I nt r anol qﬁ%ar charge trangfer salig of one or several of clains 1 to 9

t I

wherein e’ ifntranol geul a ra salt is represented by one of
thefol,Jovm'ngqu@: r ej rr“] Ngent any anion and Ris
preferably an al ky p:y 20 35 4%/ 50 55 EP 0 431 547 Bl [er]
107\_1;-.5 20 26 [err] 3 354 500 0 X~ y-
]
\
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11. Intramolecular charge transfer salt of one or several of claims 1 to 10 wherein the intramolecular charge
40 transfer salt is polymeric and represented by one of the following formulas.
45
50
55
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C L M S* EP O 431 547 B1 5 10 O 0 20 25 11.

| ntTanol ecul ar charge transfer saIE @ several of clainms 1 to 10
wherein the intranol ecul ar charge 8 trans? salt is polyneric and
represented by one of the follow ng fornulas. 45 50 55 EP 0 431 547 B
15 20 25 [err] 30 35 40 45 50 12. Internol ecul ar charge transfer salt
conprising at |east one radical-anion containing a carbonyl group
conjugated to an arpmatic noi ety |l onicaldly bonded to a radical -catgjon. 55
13. Internol ecul ar gharge transﬁ%r salt f claim12 wherein said

radi cal scatfgy is s A
cyanine radical; a
consisting of a rad
conjugated to an ar

x‘ |Y

10

15

~ 20 * 0 0 .
> 1 i
25 i I N N
0 0 | W
L. X, Y~ dn
-~ 30
g 35
g{;
NP “
g i ® @ —t—
X - " da
X, ¥Y©

50
12. Intermolecular charge transfer salt comprising
at least one radical-anion containing a carbonyl group conjugated to an aromatic moiety ionically
bonded to a radical-cation.

s5 13. Intermolecular charge transfer salt of claim 12 wherein said radical-cation is selected from the group of
a violene radical and a cyanine radical;
and wherein said radical-anion is selected from the group consisting of a radical-anion of compounds
containing a carbonyl group conjugated to an aromatic moiety, an aromatic hydrocarbon, aromatic

27
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EP 0 431 647 Bl carbonyl conpound, anhydrides, quinones, quarternary
aromati c nitrogen conpounds, azolgy §esyy gfMoNi um sal ts, azo conpounds,
am ne oxi des, nitro conmpounds, nitroso conpounds, organonetallic conpounds,
qui,nol i nes and qui noxalines. 5 14. Internol ecular charge transfer salt of
clainms 12 aafordyB covhpink, Antydiidds, qabids, qualdmanaromatia nit®génCEmpoulids, G2ordthaes,

Vi ol ogen artimodien eals, &aicomponntisCcathineadkidas) nit® campautitis; aitresartompoundis, arglnomeialiic de
conpound. Idompdunds nuinslies ahdquiroketinege t ransfer salt of clainms 12 and 13
wherein the internol ecul ar charge transfer salt conprises a donor selected
f rom tthe 14grifermolséulat Gharge transioq saltipfalalye 12and 1 wheyain shidredicabentieruin @ sadical-cation of

N, N - di al kyd vigogen arwwfbyrﬁinea-ﬁ@d@@imwﬁesadrqalmwmpfaﬂ hisyimide cﬁm@"%enant hrol i ne
conmpounds N, N -di al ke’/;&és 8- phenant hrol i ne conpounds o, o' -4, 4' -di pyryline

c onpound38- Jigfermolecyian © %f?ﬂ salb ofrklaimy 12,38 axkerein the-intprinolecilar |°Eﬂ"9?e"aeﬁ?fﬁé'bnds
and an acc F‘B’l’s"%%F‘é'g ﬂ%‘i’ﬁ?ﬁ‘f”ﬁ@”?&‘up of N, N -dialkyl or diaryl

pyronmgf liti ,b'P d&‘ p°8? sd| aryl 1, 4,5, 8-napht hal enet etracarboxylic
di |l nmides 2 "a )P szl 3,4,9, 10-peryl enetetracarboxylic

di i mi des N "a;',f el E’P%” .4, 4" -bi phenyl t et racar boxyl i c dilm des
N, N - di al ky ﬁ' "g’{gco p iy enzophenonet etracarboxylic diimdes or any
of thq abovpgth%é m,@/,ﬂagcom §,@eo-, chloro-, or fluoro-substituents on one or
mor e of t hen-gikyP PiHding corhgdbitis and 16. Internol ecul ar charge transfer salt of
cl@ NS 12 t4) adcoplohsiictlod néRtd gfddgbige transfer salt is in the liquid or solid
state or paqlNrarikyZ® diarylpromentigiaed| ecul ar charge transfer salt of one or
sgver al of iy ok diatyD1,4,68-Wphthabrstetadatboylicdigmet r ansfer salt 30 is an

i Nnsul ab or au,N'adieligl @ dlatyi 69,16mntknebidcarbdxflickdiimiaes ochem cal col or change cel |
conpri si ng NiN'sietdybml diglyb3.3 4@ebiphenyttettagarbixpliy dimidedl ectrol yte; at | east two

bl asabl e el Wtdiaboles diaiyl $%'4.45@enzbpianamtstracattoxiqdipides act with said

el ect r ol yt eor amnef the abo@5with cyang-, bromas chidrerneydiucrereybstitients ©p aneertmarg of fhesasdngptic

el ectrol yt gingei ng sel ected fromthe group of an intranol ecul ar charge
transf?er salt of claims 1 to 11 and/or an internol ecular charge transfer

salt of d-dptprolpcular gharge transfer spif @é’laméﬁé?ﬁsc‘ﬁl”e@cﬁa'ﬂrchﬂﬁéﬁgﬂercs@ ¥ inghe quidiom, 18
wher ei n salsd'dg?t%%g’p(?@!“?ﬂz?ﬁcl udes a polyneric filmor a porous solid

4o LR el S Bl Rt 40
t

i ntrarfbl ecuf ¥ '"s" 18 t is a coval ent conpound containing a

donor 1,@ ec%ﬂh&ﬂ:c&% |§r%§13&§&cﬁ viol ene radical and a cyanine

radi cal , eggd@&g%g Qhtaithy & YectBitsD 1S a bis-imide material.
at least two biasable electrodes within said glass cell in contact with said electrolyte; and
/- 8 a color change agent in contact with said electrolyte being selected from the group of an intramolecular
S charge transfer salt of claims 1 to 11 and/or an intermolecular charge transfer salt of claims 12 to 17.

19. Electrochemical color change cell of claim 18 wherein said glass cell includes a polymeric film or a
porous solid material containing said electrolyte and said color change agent.

20. Electrochemical color change cell of claims 18 and 19 wherein said intramolecular charge transfer salt
is a covalent compound containing a donor moiety which is selected from a violene radical and a
cyanine radical, and an acceptor moiety which is a bis-imide material.

45 21. Electrochemical color change cell of claims 18 and 19 wherein said intermolecular charge transfer salt
is an ionic compound comprising a mixture of a violene compound and a bis-imide compound.

22, Elecirochromic display device including the electrochemical color change cell of claims 18 to 21.

60 23. Electronic device including an iniramolecular charge transfer salt of claims 1 to 11 and/or an
intermolecular charge transfer salt of claims 12 to 17.

24. Electronic device of claim 23 wherein said electronic device is selected from the group of an integrated
circuit and an integrated circuit packaging substrate.

. | RO O



45 21. El ectrochem cal col or change cell of clains 18 and 19 wherein said
i nt'ermol ecul ar charge transfer sal tEP'O%:ﬂQ;&?:I' c conpound conprising a

m xture of a violene conpound and a bi S-i'm de conpound. 22. El ectrochromc
di spl ay device .including the electrochem cal color change cell of clainms 18
to 21. SO patentarspfiché oni ¢ devi ce including an intranol ecul ar charge
transfer salt of clainms 1 to 11 and/or an internol ecul ar charge transfer
salt of clai realzind iib@mdigkulard LadohgaUieft@iung, die Yigdfded im@btai m 23 wherein said

el ectroni ¢ denindesteris®inse fadikdli@tionisti@mAntaiemiy mindgstent eindin Ungoeagtent Blakiran; r cui t and
an i nt egr at ecindestensieinep edikalapionischen Aréil reit minddstonO@nem Bgepabrten Bekirds; EP O
431 647 Bi Padobeidentaqiralketionische ABaill undrdet radikefanianiedhe Kuotbibmit pinem kovalenten Verbindungs-
Ladungsl i ber tafiesguerhynde sind.fwebej datiovalentef Yerhindungseligd Yechpslwisiyngan zwischen dem minde-
radi kal kat i or$ieg¥ pipen ymgerapiten klekiron descmindentensceings ﬁ@ﬁhgpaﬂﬂhﬁ'bﬁmﬂsém feyp mirgle-

m ndest ens eiSi?Bh eipelingapaaranoElekiiem des mingestens ginen frrikaRpiopisghen éﬂtﬁ'l?n’l'umfﬁ'&’ﬂ?'t en
El ekt roff wol®NindREy r adi kal kat i oni sche Ant ei | und der radikal ani oni sche

Anteil mt_einem, koval ten Ver dun s i ed verbun en SI nd
koval ente %e 'iz V@i‘g 229{559 T n Yelente °n " hen
gngepaar ten I?Ies mmde ns §§ren radi lsc ils un::‘%I mesgégﬁ%e}gaa on g{sh
emmn st&ls}ﬁ? }Apﬂa‘?ﬂ%ﬂié &QAQT han Ja 3

en el | C

r adi kal anl onls S I mwesen |ndert 2. Salz mt

i qt ;anol ekyll A miAFORRARS Labdgstnsh B SAAEHGR 11 woblPBR! Kottt/ RMGHIERYsE
Verbi ndungs- g Z%quggﬁdﬂakbe&du.ﬁW@Eﬁsehé%ﬁg;%}éeﬁh%m.ﬁdﬁ'ﬁag%emgaém El&kFon
ni ndest ens - eidBemintsseAP aifdn BdikalkbtRlibdhem ARSI uhd AHEHingRREnEbiRAungepaarten Elekiron des

radi kal kat i ondisieiiens ook Riblikdlanionischere islls 6l RsdeftitheriuBihindgtgepaar t en El ektron
des 15 m ndest ens oenen radi kal ani oni schen Anteils i mwesentlichen zu

ver hi ndem 4.S sia it inttainolsklared ajusgslibettragiing lgadl i8dpa WnspirtichéngiLisig) 3, Qvobed BerAddikalkationl- 1
wobel das ko\setlegmtsit ehfeedst ¢inl Minigs-Radikal cler sfpeCyagieReadifabisly | st, urn

Vechsel Wi 1 kunigewoheinfles eddisalanitmischel Antbd suscdes Geiopeclesiaipd pesesinearRadikel leineoVerhiretang

m ndest ens eimiteainer zuckiriepn dramatisshénsArited onjugieder Carkonylgraepen m ndest ens eonen
ungepaar t en BREkeronsischens Kohipnwassersiofienicaterentischen Garbonybierbindungani Oatiydridhe rChinaesi | s
i m wesent | i cliemaisghapeAyartfrar mtickstofiegindungen, Azemethfngn.clmmoniumsalzen, Azoverbindungen,
Ladungs| bert H‘Hgﬂ? .géqé‘{'ﬁ?@’ﬂ’éqﬁ‘"gﬁﬂs Nitregomebindpinggn organopgiglischere Verpiagdunges; (Chinelipen -
schie Ant oi | &R Ghigpxplinen WSWB'P"éWdRadl kal oder el n Q/anl n- Radi kal ist: und

wobei a al, a on| s Lﬁﬁt ej aus der st ehend
Radi k | 51 %é/ “"gs &P W$" b0 ﬁ{"%@l‘m""
o] el ert on® é{oﬁy %ppe oa'gtr""sf’*'” aa% er*@mva'é‘% F“§P%?‘¥a‘5ﬁ

aromatlschg,-n rr#?P 5 M h%OW ar %tl ep |
quart i gen S%lng}foﬁn%in iﬁagigmg&be'g%n "%fb%;;. a8 SRR e

Axgyer bi ndungen, Am nOXI den, Nitroverbindungen, Nt rosoverbl ndungen

OF ganonet aj, | issie HaindidRSNGAlhgs BBiiradthi BEREELSKbn{HioR AbfrbioR Br AHSSEIBUNDIS 6,
W rd. wobei das LadungsUbertragungssalz im fllissigen oder im festen Zustand oder als Polymer vorliegt.

40 8. Salz mit intramolekularer Ladungslibertragung gem#B den Ansprlichen 1 und 7, wobei das Ladungs-
Ubertragungssalz ein Isolator oder ein elektrischer Leiter ist.

9. Salz mit intramolekularer Ladungsliberiragung gem#8 einem oder mehreren der Anspriiche 1 bis 8,
wobei das Salz mit intramolekularer Ladungsiiberiragung einen Akzeptor aus der folgenden Gruppe
45 enthéit:
aromatische Dianhydride einschiieBlich Pyromellinsfuredianhydrid, 1,4,5,8-Naphtalentetracarbonsiure-
dianhydrid, 3,4,9,10-Perylentetracarbonsiuredianhydrid, 3,3',4,4'-Biphenyltetracarbonsduredianhydrid,
3,3'4,4'-Benzophenontefracarbonséiuredianhydrid und einem beliebigen der vorstehenden aromatischen
Dianhydride mit Cyano-, Bromo-, Chloro- oder Fluoro-Substituenten an den aromatischen Ringen;
50 aromatische Diamine einschlieBlich 1,4-Phenylendiamin, 1,3-Phenylendiamin, Bis-(4-Aminophenyl)ether,
4.4'-Diaminobiphenyl;
aliphatische Diamine einschlieBlich 1,6-Hexandiamin, 1,4-Diaminocyclohexan, Bis-(4-Aminocyciohexyl)-
methan;
Polyester einschlieBlich Poly(ethylenterephthalat), Poly(1,4-Butylenterephthalat).
55
10. Salz mit intramolekularer Ladungsiibertragung gem#B einem oder mehreren der Anspriiche 1 bis 9,
wobei sich das Salz mit intramolekularer Ladungstlibertragung durch eine der folgenden Formeln
darstellen 138t, wobei X~ und Y~ ein beliebiges Anion sind und R vorzugsweise eine Alkylgruppe ist:
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30 5. Salz mt intranol ekul arer LadungsUbortragung gem e den AnsprUchen 1
bi s "4, wobei der radikal kati oni - 3§ﬂ§ﬁ€p%ﬁg% ein Viol en-Radi kal ist und der
radi kal ani oni sche Anteil eine Im %hailt 6. Salz mt

i ntranol ekul arer Ladungsl bortragung gemaB Anspruch 5, wobei der

r adi kal kat i oni sche Antgil 35 ei n Viol en-Radi kal ist und der

radi kal anb%ngjche Antefl ein $S| m d- Radi kal |st 7. Salz mt

i ntranol e Ladu ]Rgun naB mehreren der Ansprache
1 bis 6, wobei Nung rtuag N@Q egZodor imfesten

Zust ands odor als Poly ntranDIekuIarer
Ladungsf bertragung gengi *nsprflchen 1 und 7 mnbelIﬁa@SEggUHgs-
Qobertragungssal z ein |Isolator odor ein el ektrischer Leiter ist.c9. - Salz nit
i ntranol ekul arer Ladungsfbertragung gemaB ei nem oder nehreren der AnsprUche
1 bis 8, wobei das Salz mt intranol ekul arer Ladungsubertragung eonen
Akzept 8¢ aus der fol genden G uppe 45 enthllt: aromati sche D anhydri de
ei nschlieBlich Pyronellinsluredi anhydrid,

1,4,5, 8-Napht al ent et racar bonsagy e- di aghydrid, 3,4,9,1
O-Perylentetracarbonsauredlanh.orl-
3,3 ,4,4" -Biphenyl totracar bon Fnhy
3,3.,4,4" - Zophenontetrac A Al drid und ei nem bol i ebi gen der
vog st ehenden™ ar omat i sche, ' Brono-, Chloro- odor

FI uor o- Substi t uent en « \SO aromati sche Di am ne
eijngchlieBlich 1,4-P i
Bi s- (4-2Am nophenyl ) et - |phat|sche Di am ne
ei nschlieBlich 1, 6-Hexan m }FA-Eianin ehepan,

Bi s- (4- Am nocycl ohexyl ) - net Pol yester einscHlieBlich

Pol y( et hyl ent er epht hal at), Poly(l 4-Butyl enterephthalat). 55 10. Sali mt

i ntranol ekul arer Ladungst bertragung genmaB ei nem odor nehreren der AnsprUche
1 bis ¥ wobei sich das Salz mt intranol ekul arer Ladungstbertragung durch
ei ne der folgonden Forneln darstellen | a4t, wobei X und Y' ein beliebiges

Ani on S|nq#%g R vorzug’melse &Y ne Alkylgruppe ist: 29 : L HI11
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11. Salz mit intramolekularer Ladungslibertragung gem&8 einem oder mehreren der Anspriiche 1 bis 10,
wobei das Salz mit intramolekularer Ladungslbertragung ein Polymer ist und sich durch eine der
40 folgenden Formeln darstellen 148t
45

50
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45 X-1Y- 50 12. Salz mit internol Wr% dungs~bertragung, dlas

fol gendl es unfaf~t: m ndl estens ei i ' Kalani on mt ei ner Carbonyi gruppe,
die_zu einemm aromati schen Anteil, der mt demm Radi kal kati on Cber ens

| onenbi ndung verbunden ist, konjugiert ist. 13. Salz nft internolel kul arer
Ladungst ~bertragurg gemAB Ansp uch 12, vvobel das Radi kal kati on ernjt weder as
em Vi ol en- Radi kal i i¥al ist; und wobel dlas Radi kal ani on

aus der Gﬁﬁ e bedt eheng~s AT 8 kal n vo r bi ng n mt
el ner zu M ar s ) njmy@\?ﬂ\ rn
aromat i schen Kohl ¢ e ar o sthe rbo i ndung,

Anhydri den, Chi norjen, aromati hen quadt~ren Stick- 32 35~
~~~~~~~~~~~~~~~~~~~~ EP 0™31 547 Bi stoffverbi ndungen,yAzo
| moni unsal zen, AZ®ver bi ndungen, Ani noxi den, Nitrover bi‘nduhgen,
Ni t r osd¥er bi ndungen, organonetal | i schen Verbi ndungen, Chinolinen und
Chi noxal i nen ausgewAhlt wird. 14. Salz mt internol ekul arer
Ladungst | bertragung gemaB den' AnsprUchen 12 und 13, wobei das Radikal- 5
kati on ei n Radi kal kati on ei nes Vi ol ogens und das Radi kal ani on ein
Radi kal, %ni on el ner Bisimd-Verbin- dung ist. 15. Salz mt internol ekul arer
Ladungs bertragung gemaB den AnsprUchen 12 und 13, wobei das Salz mt
r nol ekul arer LadungsUbertragung fol gendes unfalit: 10 ei nen Donat or
aus fol gender G uppe: N, N -Di al kyl -4, 4" -Bi pyridi n-Ver bi ndungen
N D al kyl -2, 2" -Bi pyri di n- Ver bi ndungen N, N - Di al kyl - -
henamt rol i n-Veribi ndungen N,@ - Di al k@l - 3, 8- Phenant roI i n- Verbl nqungen 15

-4, 4' -Di pyryl ijn- Ver dun bn B thallocyanl n- Met al onpl
#2)
\ @, @ —

t.panen,
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s¢ 12. Salz mit intermolekularer Ladungstibertragung, das folgendes umfast:
mindestens ein Radikalanion mit einer Carbonylgruppe, die zu einem aromatischen Anteil, der mit dem
Radikalkation Uber eine lonenbindung verbunden ist, konjugiert ist.

13. Salz mit intermolekularer Ladungstibertragung gem#8 Anspruch 12, wobei das Radikalkation entweder
&5 ein Violen-Radikal oder ein Cyanin-Radikal ist;
und wobei das Radikalanion aus der Gruppe bestehend aus sinem Radikalanion von Verbindungen mit
einer zu einem aromatischen Anteil konjugierten Carbonylgrupps, sinem aromatischen Kohlenwasser-
stoff, einer aromatischen Carbonylverbindung, Anhydriden, Chinonen, aromatischen quartiiren Stick-
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N- Al kyl - Pyri di n- Ver bi ndungen; und ei nen Akzeptor aus fol gender G uppe:

N, N -Di al kyl - oder N,N -Di aryl - F Aﬁ'ﬁz%ﬁei m de 20 N, N - Di al kyl -
oder N,N -Diaryl-1,4,5, 8- Napht al entetracarbonsaurediimde N, N -Di al kyl -
odgr N, N -Diaryl-3,4,9, 10-Peryl entetracarbonsaurediimde N, N -Di al kyl- oder
N, N -Diaryl - %ﬂerb‘hdé"ngeﬁiPﬁ&ﬁdﬁéh&rﬁlrﬁrﬁ&ﬁﬁbﬂibﬁﬁ%ﬁiﬂiﬁmﬁﬁ, AhiRdxid6, Mitoyerbindath,

N, N - D aryl - Bijtdsovérbifdunish)argénbRétaliiscenambambingss Shifiaitin uit Caina@inbn Segéwahit wirl. der
vor st ehenden Akzeptoren mit Cyano-, Brono-, Chloro- oder

FI uor o- Subtk iStlaenittimermalakulier Ladungsilbeptragargegemii® HereAnspriichen né tnds t3h wobeRilas Rardikal-16 .
Sal z m 5 i nt ation leipldadisaliation] einba rVipiogersrund algs RaylikglenienBeind Badikalasiprr éleen Gisini@Véybig-
15, wobel da;dungd%lungs- Ubertragungssal z imfl Ossigen odor imfesten Zustand
oder als Polyner vorliegt. 30 17. Salz mt internol ekul arer

Ladungs Cbet® 158g uil‘r'lgLél @ﬁ'a'sﬂaéqr hradvnasteartragungr aermat derefnspriidien (R M 1Bp wehehdepPalzyiib e |
das Ladungs| rEmely 'i?h E’&s‘i"e ng &lgendeg umisflor ein el ektrischer Leiter ist.
18. zel f% ni @n Fp%rb ~nderung, die fol gendes unfagt eine
ver schl ossen e;] ekt rolyt; 35 m ndest ens zwei

El ekt roden i lalky Y na oh ) e n u e| ne Vor spannung angel egt werden kann
und di e Kont h_ und ein die Farbe andendes Mttel,
das sich In ’n,; Aoy Rlid- tro t beflndet und aus der G uppe
bestehend augp 8 % tram)l ekul arer Ladungsl bertragung gemaB den

apr uchen 1@,@, dm,g bggﬁ,@eﬁl nem Sal z mt internol ekul arer
ungs~ber t yRDsinE ARSFRPad $lyehits B ien 12 bis 17 40 ausgewahit w rd.
é“/ Zelle m lepﬁlkmrmhnm-;‘a%myrdﬁmn gdmiideng gemaB Anspruch 18, wobei die
szel boe ei man-Dikly 6EF NN-Di9 04,5, ®NiphiaRiteEcabdnefikedbmiblat eri al unfaft, die
den El ekt r ol yN-Diaikyldeder NjNeDibgF369, Rrrbalientitacbbrisidrediimidaal t en. 45 20. Zell e
m t el ekt r oc INgNHDtlkile odeFSUNBBiagHEs, 31 4.9'- Rishemyt@radebongdusdiiniiddien 18 und 19, wobei
das Sal z m t NN-Diglkpiobdek NiNaPienyl-3.3.d4'rRyszopanontaigearnpnsiuredinidey al ent e Ver bi ndung
i st, die ei nederbeligbige der Aprstehdndenchkeoptammpeitieyane Bromg-ofhiane- Rdefi Fluato-Sybistituerteman
Cyani n- Radi k&lnem gder mghverop piaeatisplien Ejpoesk - Antei | enthal t, der sin
Bisimd-Material ist. 50 21. Zelle mt el ektrochem scher Farbanderung genaB
den Anspr UBhSHz 1 inferepolekilares b adunasijbestragung gemié den Anspriigher 12, bis 1%, wobsi des Ladungs-
Ladungs- Cberl"P?iBiQH’{?sﬁzd@ ﬂP??WP%E‘Hé‘"V@?‘?ﬂ %BWdP%“I'S P‘EM"@' Wi8dlseni sch aus ei ner

B ekt o Dgua s f§”d e{e rcﬁﬂg fhrs Veﬁgeg%? Pish, 85 fdhoep é&’réﬁ?@%‘ﬁé?“s“"

I
Far bander ung gen’a \rd rhs oro Temﬁ rischer Léiter is C
L N ﬁ. Zelle mn&lektr&che%cher‘ﬁ-‘arbénderung, die folgendes umfaBt~
eine verschlossene Glaszelle mit einem Elektrolyt;
e 35 mindestens zwei Elekiroden in der Glaszelle, an die eine Vorspannung angelegt werden kann und die
A Kontakt zu dem Elektrolyt haben; und

ein die Farbe &nderndes Miitel, das sich in Kontakt mit dem Elektrolyt befindet und aus der Gruppe

bestehend aus einem Salz mit intramolekularer LadungsUbertragung gem&B den Anspriichen 1 bis 11

und/oder einem Salz mit intermolekularer Ladungslberiragung gem#B den Ansprlichen 12 bis 17
40 ausgewdhlt wird.

19. Zelle mit elektrochemischer Farblinderung gem&g Anspruch 18, wobei die Glaszells einen Polymerfilm
oder ein porses festes Material umfaBt, die den Elekirolyt und das die Farbe dndernde Mittel
enthalten.

20. Zelle mit elektrochemischer Farbéinderung gemiB8 den Anspriichen 18 und 19, wobei das Salz mit
intermolekularer Ladungsiibertragung eine kovalente Verbindung ist, die einen Donator-Anteil, der
entweder ein Violen-Radikal oder ein Cyanin-Radikal ist, und einen Akzeptor-Anteil enth#lt, der ein
Bisimid-Material ist.

50

21. Zeolle mit elekirochemischer Farbfinderung gem#B den Anspriichen 18 und 19, wobei das Salz mit
intermolekularer Ladungs-Ubertragung eine ionische Verbindung ist, die ein Gemisch aus einer Violen-
Verbindung und einer Bisimid-Verbindung umtast.

s5 22, Elektrochrome Anzeigevorrichtung mit der Zelle mit elektrochemischer Farbdnderung gemi8 den
Ansprlichen 18 bis 21.
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EP 0 431 547 Bl 23. El ektronische Vorrichtung mt einemSalz mt

i ntranol ekul arer LadungsUbertragu poqﬁgi %ggn AnsprO chen 1 bis 11
und/ oder einem Salz mt internol eRUCAPar ungsl bertragung gemAB den
AnsprUchen 12 bis 17. 5 24. El ektroni sche Vorrichtung gemaB Anspruch 23,

wobei di e3e eRkiRkibénd Voriekishg YN didemi Bala1lt iRHmORK Mdrer € bduRgsubdrRglingeBs SnRbArtiNg

oder ei n Subtehriadis 1 Quindibasr dirRMeSEREMIEinRMoldkilérerlabi@igsUbBrirayuRd béméBieh Rhspriichen

Revendl catl easisin 1. Sel | transfert de charge intranol 6cul aire

conprenant: au noins une noitie radical-cationique ayant au noins un

el ect r en 240 Elekippiache &/orrightungogendis Angpruch i28,i weobpiadiese @lekiconische| \Gpurichtengaeniwedler einei ns

un el ect r onintegrierta Sobaiturg; odbraeih Substrabilit dag Gebidsesiher integiicavian ehaltupg iBht | oi nt e par

une liaison de covalence A ladite noitie radical- anionique. ladite |iaison

de coval efrvendigg¥eashant prati quenent toute interaction entre ledit au noins

un 15 el ectron non apparid sur ladite au noins une noitie

r adi cal®- cht P8% tnderkde qh?!&? intramplégyisiteconpreRtrsct r on non a p rie sur ladite au

noi ns une ndY F‘g:g: V’ﬁd‘?%‘élr;{fcg:;‘;lg" Efec:éy;;tf g;:%%? H“g%‘gﬂ%T%raPpa charge

i ntranol dcu 1.S0

coval ence egaéjt‘; %? 51 p%n'ﬁ' ‘qﬁé?“ ﬂéﬁfg&a Scat®
ani ue jdﬁé i ecov ence 5 tiqu oute |nte ion en a'lwtu moi

I nt era;:t ' Onélgﬁﬂl f?az% ﬁ a §no une m:éttE E} rt

ke Bl ALkt ablvol A € ©

au -noi ns dé%
appari Msur ?a e au rmlns une rml |e rad cal anlonlque 3 Sel a

transferty dgeCHurert &Y CrErge! ﬂﬁé«ﬂo@b&l&resﬁloﬂﬂa o ¥fRH, Ciahd RBuel aladﬁé"‘riﬁsohod%ue'

R _Jiaison ggapréadsefBaniindnt Asidd pouPSmgaeher lprRIGLIMoR Wike AIBIRLISH SFiradBaK duCrhgiieent
toute pont er g& Bibéan A6H dpparléaili fadif du MRInE Sind oy 1Bditdl-Eationidue ot lodil A MERARI SletrdhU T

| adi te au MmabrgppatidSui it b mbinhine aoit ddicadhigniguect | edit au nmoins un dl ectron
non apparid sur ladite au noins une noitie radical-anionique. 4. Sel a

t r ansf er t3. dSsichizangfert denthaagethitenoléaulalre seion| lDmvdndigation daiang lequehid ligisthide eevalbndg 3,
dans | equel estaoffisammentiidnges pandéra@thec piafiquernent ouie driteraction entte (edit awinghdameleptonun
radi ca$s cyanemappar§Gur ladite@tr mding und racjtiéohdi¢ahchtioninueret leditcau mapitis ¢in Blectron oon pperidest
choi si e dansurllasitgauyngies upe moitié redical-anieniquadi cal d' un conpose contenant un
groupe carbonyl e conjugue & une noitie aromatiq ou des hydrocarbures
aromat i qus Se'ckga@@ﬁws@gme &F’B’Bﬂ‘;‘ﬂ“@"@a%‘t‘?‘ GE"‘S ’°V?J‘€§at87*ﬁ1§/&r (fiaes legpel ladite
du/nones, o Eeitig pdicelcationig %‘! "P QY %&%ﬁ@ﬁ'ﬂ des azont hanes

des sef% d' mgg@;m&mﬁ 'ﬁﬂ§"'°'lﬂ'§ PSS Tsdﬁpf?ﬁpe ‘E?@‘i"eem’rﬂ%?% 4% ds,

des conpose§’ nant un.graup ?fg%'gleﬁg""g" ue
ou es §§ dses anh %ﬂdes. des

ures _gromatiques, _des c yl ro atl
qUI nol ei nes I%I\ong S'jq %é(é% d;' aroﬁ'natu%xg %?:E'\aa& g ac E sels d'immoniu

i nt ranol deufa T e ol . r,ma§ saco "aﬁreu,ee Coitths ©
moi ti egradi gg g,ﬁ&,é,hgg ns I oq ueI
MLk i e radl cal - ani on| que contlent un ogene 40 6. Sel a transfert de
charge i ng,r @i @érdfeRi deCchargh %a&.aécruraweeeékncmé QBs RverdRitdnd $@UL|dahP@hleP 1abRI i €
radi cal - caofi§ rdida-cahiqus ost FHvadiat vidibrid| 0P 84M6 Bqd) labifthditls ridal-anfonigue contient un
radi cal - ani gnidgee. est un radical disimde. 7. Sel A transfert de charge
I ntramal dcul ai re sol on 'une quel conque des revendications 1 A 6, dans
| oquel 45. Sel § gatistort Slelchagd inbamsdiéenlsirocselon eawogpndiedibn 8, danetequel laditpuinaity radical-
| " et at sol i daioniguezest unaddidal vinidggmesat ladite. moitié radical-anionique est un radical disimide.

7. Sel & transfert de charge inframoléculaire selon I'une quelconque des revendications 1 & 6, dans lequel
45 ledit sel & transfert de charge est & I'état liquide, & I'état solide ou & I'état polymérisé.

8. Sel 4 transfert de charge intramoléculaire selon I'une quelconque des revendications 1 & 7, dans lequel
ledit sel & transfert de charge est un isolant ou un conducteur électrique.

s0 9. Sel A transfert de charge intramoléculaire selon I'une quelconque des revendications 1 4 8, dans lequel
ledit sel & transfert de charge inframoléculaire comprend un accepteur sélectionné dans le groupe des
dianhydrides aromatiques comprenant le dianhydride pyromellitique, le 1,4,5,8-dianhydride naphtaléne-
étracarboxylique, le 3,4,9,10-dianhydride pérylénetétracarboxylique, le 3,3',4,4'-dianhydride biphénylté-
tracarboxylique, le 3,3',4,4'-dianhydride benzophénonstétracarboxylique, et I'un quelconque de ceux-ci
55 avec des substituants cyano-, bromo-, chloro- ou fluoro sur les cycles aromatiques;
diamines aromatiques comprenant le 1,4-phénylénediamine, le 1,3-phénylénediamine, le dis-(4-amino-
phényle)-éther, le 4,4'-diaminophényle;
diamines aliphatiques comprenant le 1,6-héxanediamine, le 1,4-diaminocyclohéxane, le dis-(4-aminocy-
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& Sel a transfert de charge intranol eculaire solon |'une quel conque des

revendi catl ons 1 & 7, dans |equel kg @431%} Bg transfert de charge est un

i sol ant ou un conduct eur el ectri que. el a transfort de charge

i ntranol ecul aire solon |'une quel conque des revendications 1 & 8, dans

| oquel | edit cisigkyl®)-niétrangf ert de charge intranol ecul aire conprend un

accept eur sebpdystersdotipratant e pajy(Ethyine dirdphtdiae)) leymiy(1deityitne dephtgjate)s conpr enant

| e di anhydride pyronellitique, le 1,4,5, 8-dianhydride naphtal ene-

t et r acar boWy Belduieansiérodegchargd mta)nq!ﬁcuﬂmﬂdlon e gdeigohipecies tevendiaationsxiya 9,.qlams, leduel
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benzophenone{esquelias X7 19bXy fepréeaatentan anion et Rfait-decrisiéience aertie.du atoupp despicoyles ;y ec
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aromat i ques di am nes aronat | ?}les conprenant |e 1, 4-phenyl enedi amne, le
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charge jgntranol ~cul aire selon |'une quel conque des revendications 1 a 9,
dans | equel 5 |l edit sel a transfert de charge intranol 6cul aire est
rgpr ~sent4 par.|l'une des formul es suivantes dans | esquelles X- et Y-
representent un anion et Rfait de pr~fdrence parti e du groupe des

r le 1, 6 hkxanedi am ne,
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- ST=1*X-*2*% N N 35 11. Sol d transfert de charge intranol 6culaire
sel on rune des revendications 1 | 10, dans lequel le sel b transfert de

charge int | dcul ai est p?lynbre et est reprgsg td par r'une des
£

formul es suivantes: 40~45~8Q-4A5 0 431 AV ¢ & I)\\ cfi N2JI ThNfV
tN 70~~~~~ 10~SpAATS 0 %-@/\Q - ,"

Y 30 35 40~~~~~ 45~ 1 X sY
12. Sol a transfort dé chargegi ntranol ecul aire conpr enants B@Soncﬁg noi ns
un radical -ani on contenant un groupe carbonyle conjugu6 & une noiti6

aromati que 1l14e
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11. Sel & transfert de charge intramoléculaire selon I'une des revendications 1 & 10, dans lequel le sel &
transfert de charge intramoléculaire est polymére et est représenté par I'une des formules suivantes :
40
45
50
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ioni quenent & un radical-cation. IS Sel & transtert de charge
inttanoltculaire selon |a revendi czglg @31 15?! éirans | oquol ledit

radi cal -cation est un radical violene ou un radical cyanine; 55 et dans
| equel ledit radical -anion est choisi dans | e groupe conprenant un
radi cal - ani on de conposes contonant un groupe carbonyl e conjugue
noitie aromatique, wn des hydrocarbure aromatique, un conpose car
aromat i que, des anhydri des, §

des ~des conposds_d' azote ar¢mati ques

guat emai res g S azgntt hgreg, dg S oi es oxydes
d' am ne,s de# 4N B S @ S ptreux,
des conposes or gano- ues) - et qui noxal i nes. 14.

Sel a transfert de dharge |ntragplecula"re selon |l es revendicatio
13, dans | oquel | edift radical - tion est un radiXa s¥ati odml' un
vi ol ogene et dans | eQuel ledit radical-anion est un radical-anion d' un
conpose "Yi sim de. 15. Sel & transfert de charge intranol eculaire solon |es
revendi cations 12 at 13, dans lequel le sel & transfert de charge
i ntranol ecul ai re conprend un donneur s~lectionn6 dans |e groups des 10
conmposes N, N -di al kyl -4, 4" -bi pyridine conposds N, N -di al kyl -2, 2" -bi pyri di ne
conposdsg, N, N - di al kyl -1, 10- phenant hrol i ne conpoads
N, N - dlafkyl-3,8-ph6nanthroline conposas 0,0' -4'4'-di pyryline 16
ol exes netal liferes phthal ocyani ne et conposes N-pyridine d al kyl <91

et Un accept eur sel ectionnd dans | e groups des N, N -dial kyl ou di &yl
p mellitimdes K> dlalk ou diaryl 1,4,5,8-diimdes

p t al epot 6t racar boxyl i ques 20 N, N' dlalkyl ou diaryl
3 4,9, 10- dg% es pd ; ra -
3,3 ,4,4 des
3,3 ,4,4"-diimdes bpf
coux-ci avec des sub tltuants cygno-, brgno-, chloro- ouM+{ioro su
pl usi eur?s des cycl esfaromati ques. 25 16. Sel a transfertﬁﬂesaharg-
i ntranol 6cul aire solon |'une quel conque des revendications 12 a 15, dans
| oquel ledit sel a transfort de charge est & |"etat liquids, & |'etat
solido ou k |"etat polynerise. 17. Sel & transfort de charge
iQir anol ecul aire salon | "une quel conque des revendi cations 12 a 16, dans 30
| equel I*Bdit sel a transfert de charge oet un isolant ou un conduct our
el ectri que.

12, Sel 2 transfert de charge intramoléculaire comprenant '
80 au moins un radical-anion contenant un groupe carbonyle conjugué 3 une moitié aromatique liée
ioniquement & un radical-cation.

13. Sel & transfert de charge intramoléculaire selon ia revendication 12, dans lequel ledit radical-cation est
un radical violdne ou un radical cyanine;

55 et dans lequel! ledit radical-anion est choisi dans le groupe comprenant un radical-anion de composés
contenant un groupe carbonyle conjugué & une moitié aromatique, un des hydrocarbure aromatique, un
composé carbonyle aromatique, des anhydrides, des quinones, des composés d'azote aromatiques
quaternaires, des azométhanes, des sels dimmonium, des azoiques, des oxydes d'amine, des
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18. Cellul e de changenent de coul eur 6l ectrochi m que conprenant: une
colfule de verte scollee contenangpﬁ%?lsg.;bliol yte; au npoins deux el ectrodes
pol ari sabl es dans ladite cellule de verte en contact avec |ledit

6l ectrolyte; et 35 un agent de changenent de coul eur en contact avec
lledit el ect eempsb, nithse)] G6at doRPis ARBS, liss SPLIES ofhaktFm&tAiliqués, dbs BinofSines @Edes
char ge i ntr guimxaliaed. ai re solon les revendications 1 a 11 etlou d' un sel &
transfort de charge intranol 6culaire solon | es revendications 12 a 17. 19.
Cel | ul e de. ssiangastenhtie cergednttamaicuiire sdlonoied feandic@iossol 200 18,adanelequetibditradica 18,
dans | aquel kalioh astiun eadibdl-cation dhuml vicldgéneckt dererlequeldexitpadicatianion ebti Unrragical-gnidordunou
une mati er econdoséidisipide-cuse contenant ledit electrolyte et ledit agent de
changenment de coul eur. 20. Cellul e de changenent de coul eur el ectrochi m que
sol on | es15r 8qlch ansiert d9reharge intramaléculaine, gejony lge sevprdicationg|i1R ek 43, dang leqysd fecel ade
char ge i nt r Hpfstes &g F'&Fﬁteé’“@g‘?‘éﬁj’ﬁ"ﬁtﬁﬂﬁi’@&g ug Bapaeus Aileckionné €ana i orepRe des

noi t i e®donn&efpposes N.N'-diglylr4.450ipyrdige - yn r adi cal -viol bne, soit un radical

cyani ne, et® sz@' PZpPEidi® gui est un corps disimide. 21. Cellule de
A Pioberpyiog

henROipie)

changenment §E"ROB13I & J;: e solon les revendications 18 et 19,
dans | aquel PR 1" ¢ ik de charge intranol ecul aire est un
conpoag Ionbgﬁggxgso , ntridldcyiRihénge d'un 50 conpose violeno et d' un
conpoas dis oﬁf ,é\{ggct rochrom que conprenant la cellule de

c@gerrent ﬁncdgﬁﬁgw@ég 'E%%rgmggjo%edéol on | es revendications 18 & 21. 56
23. Di sposi hiN-diekyt ol Bigii gykmefifti@dsenant un sel a transfert de charge
| t y anol 6cuAr-bigtkyl O BiBryl ££5,4-QiRas héphtaldhdiskasarbbxyliqied €t | ou un sel & transfert
de chagpge i RiN'-aiamy 66 thii 3,40, AQidided EvyidneRidtbe@iquens 12 a 17. 38 C L M
S EP 0 4RN-GidikylRBi d2dy! 3,Di4aapdimides biphsagistraabopyigues! on | a revendi cati on 23,
dans | oquel NINediidkylchusizag 8,8'14{4"-Gilmédss benaoméonatéitacatboxgligpesui t i Nt ~gri ou un
substrat d' ent¢apsuscanque rmiechewedi ragaci desi subsityaris cy¥and-0 biomo2 @GhIDS- DB &b uAGu50
55 plusieurs des cycles aromatiques.
25
16. Sel & transfert de charge intramoléculaire selon I'une quelconque des revendications 12 4 15, dans
lequel ledit sel & transfert de charge est & I'état liquide, & I'état solide ou & I'état polymérisé.

17. Sel & transfert de charge intramoléculaire selon I'une quelconque des revendications 12 & 16, dans
30 lequel ledit sel & transfert de charge est un isolant ou un conducteur &lectrique.

18. Collule de changement de couleur électrochimique comprenant :
une cellule de verte scellée contenant un électrolyte; ’
au moins dsux élecirodes polarisables dans ladite cellule de verte en contact avec ledit électrolyte; et
. 85 un agent de changement de couleur en contact avec ledit électrolyte, sélectionné dans le groupe d'un
et sol & transfert de charge intramoléculaire selon les revendications 1 3 11 et/ou d'un sel & transfert de
charge intramoléculaire selon les revendications 12 & 17.

19. Coliule de changement de couleur électrochimique selon la revendication 18, dans laquelle ladite
40 celiule de verre comprend un film polymére ou une matidre solide poreuse contenant ledit électrolyte
ot ledit agent de changement de couleur.

20. Collule de changement de couleur électrochimique selon les revendications 18 et 19, dans laquelle

ledit sel & transfert de charge intramoléculaire est un composé covalent contenant une moitié-donneur

45 qui est soit un radical violéne, soit un radical cyanine, et une moitié-accepteur qui est un corps
disimide.

21. Gellule de changement de couleur électrochimique selon les revendications 18 et 19, dans laquelle
ledit sel & transfert de charge intramoléculaire est un composé ionique comprenant un mélange d'un
50 composé violéne et d'un composé disimide.

22. Visuel électrochromique comprenant la cellule de changement de couleur électrochimique selon les
revendications 18 & 21.

56 23. Dispositif électronique comprenant un sel 3 transfert de charge intramoléculaire selon les revendica-
tions 1 & 11 et/ou un sel & transfert de charge intramoléculaire selon les revendications 12 & 17.
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24. Dispositif électronique selon la revendication 23, dans lequel ledit dispositif électronique est un circuit

intégré ou un substrat d*encapsulation de circuit intégré.
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