
(19) United States 

Kuehl et al. 

US 20050121667A1 

(12) Patent Application Publication (10) Pub. No.: US 2005/0121667 A1 

(54) METHOD OF DOPING ORGANIC 
SEMICONDUCTORS WITH 
QUINONEDIIMINE DERIVATIVES 

(76) Inventors: Olaf Kuehl, Markkleeberg (DE); Horst 
Hartmann, Dresden (DE); Olaf Zeika, 
Theiben (DE); Martin Pfei?'er, 
Dresden (DE); Zheng Youxuan, 
Dresden (DE) 

Correspondence Address: 
BAKER & BOTTS 
30 ROCKEFELLER PLAZA 
NEW YORK, NY 10112 

(43) Pub. Date: Jun. 9, 2005 

Publication Classi?cation 

(51) Im. c1? ........................ .. H01L 35/24; H01L 51/00; 
A61K 31/53; A01N 43/66 

(52) Us. 01. .............................................................. .. 257/40 

(57) ABSTRACT 

The invention relates to the use of an organic mesomeric 
compound as organic dopant for doping an organic semi 
conducting matrix material for varying the electrical prop 
erties thereof. In order to be able to handle organic semi 
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Figure 2 
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Figure 3 
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Figure 5 
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METHOD OF DOPING ORGANIC 
SEMICONDUCTORS WITH QUINONEDIIMINE 

DERIVATIVES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application claims priority to German 
Patent Application No. 103 57 044.6, ?led Dec. 4, 2003, 
Which is incorporated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] The invention relates to the use of an organic 
mesomeric compound as an organic dopant for doping an 
organic semiconducting matrix material for varying the 
electrical properties thereof, a doped semiconducting matrix 
material, and an electronic component made of the latter. 

[0003] The doping of silicon semiconductors has already 
been state of art for several decades. By this method, an 
increase in conductivity, initially quite loW, is obtained by 
generation of charge carriers in the material as Well as, 
depending upon the type of dopant used, a variation in the 
Fermi level of the semiconductor. 

[0004] HoWever, several years ago it Was also disclosed 
that organic semiconductors may likeWise be strongly in?u 
enced With regard to their electrical conductivity by doping. 
Such organic semiconducting matrix materials may be made 
up either of compounds With good electron-donor properties 
or of compounds With good electron-acceptor properties. 
For doping electron-donor materials, strong electron accep 
tors such as tetracyanoquinonedimethane (TCNQ) or 2,3,5, 
6-tetra?uorotetracyano-1,4-benZoquinonedimethane 
(F4TCNQ) have become Well knoWn. M. Pfeiffer, A. Beyer, 
T. Fritz, K. Leo,Appl. Phys. Lett, 73 (22), 3202-3204 (1998) 
and J. BlochWitZ, M. Pfeiffer, T. FritZ, K. Leo, Appl. Phys. 
Lett, 73 (6), 729-731 (1998). By electron transfer processes, 
these produce so-called holes in electron donor-like base 
materials (hole-transport materials), oWing to the number 
and mobility of Which the conductivity of the base material 
is relatively signi?cantly varied. For example, N,N‘-perary 
lated benZidines TPD or N,N‘,N“ perarylated starburst com 
pounds, such as the substance TDATA, but also certain metal 
phthalocyanines, such as in particular Zinc phthalocyanine 
ZnPc, are knoWn as matrix materials With hole-transport 
properties. 
[0005] HoWever, the compounds previously investigated 
have disadvantages for technical use in the production of 
doped semiconducting organic layers or of suitable elec 
tronic components With doped layers of this kind. The 
manufacturing processes in large technical production plants 
or those on a technical scale cannot alWays be precisely 
controlled, requiring high control and regulation expenses 
during processing in order to obtain the desired product 
quality, or to undesirable tolerances of the products. In 
addition, there are disadvantages associated With the use of 
previously knoWn organic donors With regard to electronic 
component structures, such as light-emitting diodes 
(OLEDs), ?eld-effect transistors (FETs) or solar cells them 
selves due to production difficulties related to handling of 
dopants. The electronic components may exhibit undesirable 
heterogeneities or the electronic components may exhibit 
undesirable aging effects. In addition, care has to be taken to 
see that the dopants used have appropriate electron af?nities 
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and other properties suitable for the particular application, 
since under certain conditions the dopants also help to 
determine the conductivity or other electrical properties of 
the organic semiconducting layer. 

[0006] The object of the invention is to prepare organic 
dopants for doping organic semiconductors Which are easier 
to handle during the production process and Which result in 
electronic components Whose organic semiconducting mate 
rials are capable of being produced reproducibly. 

SUMMARY OF THE INVENTION 

[0007] The invention relates to the use of an organic 
mesomeric compound as organic dopant for doping an 
organic semiconducting matrix material for varying the 
electrical properties thereof. In order to be able to handle 
organic semiconductors more easily in the production pro 
cess and to be able to produce electronic components With 
doped organic semiconductors more reproducibly, a quinone 
or quinone derivative or a 1,3,2-dioxaborine or a 1,3,2 
dioxaborine derivative may be used as a mesomeric com 
pound, Which under like evaporation conditions has a loWer 
volatility than tetra?uorotetracyanoquinonedimethane 
(F4TCNQ). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 shoWs the doping of ZnPc With N,N‘ 
dicyano-2,3,5,6-tetra?uoro-1,4-quinonediimine 
(F4DCNQI). 
[0009] FIG. 2 shoWs the doping of ZnPc With N,N‘ 
dicyan-2,5-dichloro-1,4-quinonediimine (C12DCNQI). 
[0010] FIG. 3 shoWs the doping of ZnPc With N,N‘ 
dicyano-2,5-dichloro-3,6-di?uoro-1,4-quinonediimine 
(C12F2DCNQI). 
[0011] FIG. 4 shoWs the doping of ZnPc With N,N‘ 
dicyano-2,3,5,6,7,8-hexa?uoro-1,4-naphtho-quinonedi 
imine (F6DCNNOI). 

[0012] FIG. 5 shoWs the doping of ZnPc With 1,4,5,8 
tetrahydro-1,4,5,8-tetrathia-2,3,6,7-tetracyano-an 
thraquinone (CN4TTAQ). 
[0013] FIG. 6 shoWs the doping of ZnPc With 2,2,7,7 
tetra?uoro-2,7-dihydro-1,3,6,8-tetraoxa-2,7-dibora 4,9,10, 
11,12-pentachloro-benZo[e]pyrene. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0014] The present invention relates to an organic meso 
meric compound usable as an organic dopant, Which is a 
quinone or quinone derivative, in particular an unsubsti 
tuted, substituted or anellated quinone or quinone derivative, 
or a 1,3,2-dioxaborine or 1,3,2-dioxaborine derivative, in 
particular, an unsubstituted, substituted or anellated 1,3,2 
dioxaborine or 1,3,2-dioxaborine derivative and Which 
under like conditions of evaporation has a loWer volatility 
than tetra?uorotetracyanoquinonedimethane (F4TCNQ). 
The quinone derivatives of the present invention are, in 
particular, quinoid systems in Which one, tWo or more 
quinoid oxygen atoms is/are replaced by a mesomerically 
and/or inductively electron-attracting, double bond-bonded 
substituent, in particular, by one of the substituents indicated 
beloW. Inductively electron-attracting is to be understood as 
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those residues, Which With respect to carbon, have an 
inductive effect on unsaturated hydrocarbons. Due to high 
evaporation temperature and loW volatility under similar 
conditions, production processes can be controlled better 
and carried out With less effort and greater reproducibly. The 
preparation of quinones and their derivatives or 1,3,2 
dioxaborines and their derivatives as dopants permit suf? 
cient electrical conductivity of the organic semiconducting 
matrix With favorable electron af?nity of the dopants in the 
respective components at loW coef?cients of diffusion, 
Which ensure component structures remaining constant over 
time. In addition, charge-carrier injection of contacts into the 
doped layer can be improved by the dopants. Additionally, 
the doped organic semiconducting material and the resulting 
electronic component, because of the compounds used 
according to the invention, can have improved long-term 
stability. This relates, for example, to a reduction in the 
dopant concentration With time. In addition, this relates to 
the stability of the doped layer, Which is located adjacent to 
undoped layers of an electrooptical component, resulting in 
electrooptical components With high long-term stability of 
electrooptical properties, such as luminous yield at a given 
Wavelength, ef?ciency of a solar cell or the like. 

[0015] Preferred re?nements folloW from the dependent 
claims. 

[0016] Here volatility may be determined as the evapora 
tion rate measured under like conditions, for example, a 
pressure of 2x10“4 Pa and a speci?ed evaporation tempera 
ture of 150° C. Alternatively, the volatility may be deter 
mined as the evaporation rate of a substrate measured as 
layer thickness groWth per unit of time (nm/s) under other 
Wise like conditions. The volatility of the compounds 
according to the present invention is 20.95 times or 0.9 
times, preferably 20.8 times, more preferably 20.5 times, 
even more preferably 20.1 times or 20.05 times or 20.01 
times that of F4TCNQ or less. 

[0017] The evaporation rate of the substrate With the 
compounds according to the present invention may be 
determined, for example, by the use of a quartZ thickness 
monitor, as is customarily used for example in the produc 
tion of OLEDs. In particular, the ratio of the evaporation 
rates of matrix materials and dopants may be measured by 
independent measurements thereof With the use of tWo 
separate quartZ thickness monitors to adjust the doping ratio. 

[0018] The volatility relative to that of F4TCNQ may in 
each instance be referred to that of the pure compound or to 
the volatility in a given matrix material, for example ZnPc. 

[0019] It goes Without saying that the compounds used 
according to the present invention preferably are procured in 
such a Way that they evaporate relatively or practically 
undecomposed. Under certain circumstances, hoWever, pre 
cursors may alternatively be selectively used as dopant 
sources, Which release the compounds used according to the 
present invention, for example acid addition salts, a volatile 
or non-volatile inorganic or organic acid, or charge-transfer 
complexes thereof, Where the acids or electron donors 
preferably are not or are only slightly volatile or the charge 
transfer complex itself Works as dopant. 

[0020] The dopant preferably is selected in such a Way that 
under otherWise like conditions, such as doping concentra 
tion, molar ratio of dopant matrix, layer thickness, and 
current, in a given matrix material (for example, Zinc 
phthalocyanine or another matrix material mentioned further 
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beloW) generates a conductivity just as high as or preferably 
higher than F4TCNQ. Such a conductivity may be a con 
ductivity (s/cm) greater than or equal to 1.1 times, 1.2 times 
or greater than/equal to 1.5 times or tWo times that of 
F4TCNQ as dopant. 

[0021] The dopant used according to the present invention 
preferably is selected in such a Way that the semiconducting 
organic matrix material doped With the dopant, after a 
temperature change from 100° C. to room temperature (20° 
C.) still has 220%, preferably 230%, more preferably 
250% or 60% of the conductivity (s/cm) of the value at 100° 
C. 

[0022] According to the present invention, a variety of 
quinone derivatives and in addition 1,3,2-dioxaborines may 
be used as dopants for the said preferred hole-transport 
materials HT. 

[0023] Quinoid Structures 

[0024] In quinonoid compounds used according to the 
present invention, one, tWo, three or four or all quinoid :0 
groups of the quinoid compound, Which may represent an 
ortho or para-quinoid system, Where alternatively mixed 
ortho-para quinoid systems may occur in multinuclear 
quinoid systems, may be selected from the group, as they are 
de?ned beloW for the substituents S1 to S11, S13 to S21, 
optionally alternatively Without S1, the substituents being 
de?ned beloW. 

[0025] For a quinoid compound used according to the 
invention, one, tWo, three, four or more or all substituents for 
a quinoid :0 group may be selected from the group 
consisting of S1-S11, S14-S16, optionally alternatively 
Without S1, or be selected from the group consisting of S1, 
S5-S14 and S16, optionally alternatively Without S1, or be 
selected from the group consisting of S3, S4, S6-S10, S15, 
S16, optionally alternatively Without S1. 

[0026] Alternatively, for a quinoid compound used 
according to the invention one, tWo, three, four or more or 
all substituents for a quinoid :0 group may be selected 
from the group consisting of S1, S5, S7-S9, S11, S14, 
S16-21, optionally alternatively Without S1, or from the 
group S1, S5, S8, S9, S11, S14, S16, S18, optionally 
alternatively Without S1. 

[0027] In particular, one, tWo, three, four or more or all 
substituents for a quinoid group :0 may be =C(CN)2 or 
=N(CN) or =N(NO2)2 or =C(CN) (C(O)R) or 
=N(C(O)R). Preferably one, tWo, three or four or more or 
all quinoid substituents of the quinoid system contain a 
mesomerically linked —NO2 and/or —C(O)R group. 

[0028] Compounds having the folloWing basic quinoid 
skeletons may be used according to the invention. 
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-continued 
33 

R1 

R2 I /X 

R3 \Y 
R4 

[0029] Where in compounds 3, 3b, 3c, m may be 0, 1, 2, 
3, 4 to 6 or greater, and Where in addition, in compounds 
25-27 the substituent Z of a group M may be alike or unlike 
another substituent X, Y, V, W, 

[0030] Where in compound 25 the tWo groups M or for M 
equals =C=Z the tWo groups Z may be alike or unlike, 

[0031] and Where in compound 32 preferably one or both 
groups M are not =C=Z. 

[0032] It goes Without saying that the compounds indi 
cated in each instance may comprise all stereoisomers, in 
particular syn and anti isomers, providing that these are 
sterically possible in each instance. 

[0033] Here the substituents T, U, V, W, X, Y and Z 
preferably represent mesomeric and/or referred to carbon or 
a hydrocarbon, in particular a saturated hydrocarbon, induc 
tively attracting double bond-bonded substituents. 

[0034] In particular, for compounds 1-33 the substituents 
T, U, V, W, X, Y and/or Z may in each instance be unlike or 
alike and be selected from the group consisting of: 

s 1 

NCTCN 
s 2 

NCT N02 
5 3 

OZNT N02 
5 4 

OZNTQQRB 
s 5 

NCTQQRM 
s 7 

-continued 

/R17 

Tl 

AAMBB 
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S16 

S17 

S18 

S19 

S20 
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[0035] Where R preferably is an organic residue or hydro 
gen. R17 may in particular alternatively be —CF3, or 
per?uoroalkyl, in particular With C1-C6. If the substituent is 
S17, X and Y of the substituent S17 preferably are not again 
S17 and/or S18 to S21. 

[0036] The substituents T, U, V, W, X and/or Z in corn 
pounds 1-33 may in particular in each instance be alike or 
unlike and be selected from the group consisting of 

s 1 

NCTCN 
s 2 

NCT N02 
5 3 

OZNT N02 
5 4 

O2NTC(O)R13 
s 5 

NCTC(O)R14 
s 6 

F3CTCF3 
s 7 

R15(O)CTC(O)R16 
s 8 

R17 
/ 

Ill 
5 9 

C(O)R18 / 

Ill 
5 10 

N02 

I1/ 
5 11 

CN / 

Ill 
5 14 

F3CTCN 
s 15 

QCT N02 
5 16 

F3CWC(O)R19 
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[0037] Where R preferably is an organic residue or hydro 
gen, While R17 of group S8 in particular may alternatively 
be —CF3 or in general per?uoroalkyl, in particular With C1 
to C6. In particular, one, tWo, three, four or all of the 
substituents may be selected from this group. In particular, 
X and Y may be alike or unlike and X or Y or X and Y may 
be selected from this group. In particular, V and W may be 
alike or unlike and V or W or V and W may be selected from 
this group. 

[0038] The substituents T, U, V, W, X, Y and/or Z in 
compounds 1 to 33 may in each instance be alike or unlike 
and be selected from the group consisting of 

s 1 

NCTCN 
s 5 

NC C(O)R14 

s 6 

F3CTCF3 
s 7 

R15(O)CTC(O)R16 
s 8 

R17 
/ 

Ill 
5 9 

/C(O)R18 

s 10 
N02 / 

Ill 
5 11 

CN / 

Ill 
5 12 

(l 
s 13 

i 
s 14 

F3CWCN 
s 16 

F3CTC(O)R19 
[0039] Where R preferably is an organic residue or hydro 
gen, While R17 of group S8 in particular may alternatively 
be —CF3 or in general per?uoroalkyl, in particular With C1 
to C6. In particular, one, tWo, three, four or all of the 
substituents may be selected from this group. In particular, 
X and Y may be alike or unlike and X or Y or X and Y may 
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be selected from this group. In particular, V and W may be 
the alike or unlike and V or W or V and W may be selected 

from this group. 

[0040] The substituents T, U, V, W, X, Y and/or Z in 
compounds 1 to 33 may in each instance be alike or unlike 
and may be selected from the group consisting of 

s 3 

OZNT N02 
5 4 

O2NTC(O)R13 
s 6 

F3CTCF3 
s 7 

R15(O)CTC(O)R16 
s 8 

R17 
/ 

Ill 
5 9 

/C(O)R18 

s 10 
N02 / 

Ill 
5 15 

RCT N02 
5 16 

F3C C(O)R19 

T 
[0041] Where R preferably is an organic residue or hydro 
gen, While R17 of the group S8 in particular may alterna 
tively be —CF3 or in general per?uoroalkyl, in particular 
With C1 to C6. In particular, one, tWo, three, four or all of 
the substituents may be selected from this group. In particu 
lar, X and Y may be alike or unlike and X or Y or X and Y 
may be selected from this group. In particular, V and W may 
be alike or unlike and V or W or V and W may be selected 
from this group. 

[0042] The substituents T, U, V, W, X, Y and/or Z in 
compounds 1 to 33 may alternatively in each instance be 
alike or unlike and be selected from the group consisting of 
S1, S5, S7-S9, S11, S14, S16-21, optionally alternatively 
Without S1, or from the group S1, S5, S8, S9, S11, S14, S16, 
S18, optionally alternatively Without S1. In particular, one, 
tWo, three, four or all of the substituents may be selected 
from this group. In particular, X and Y may be alike or unlike 
and X or Y or X and Y may be selected from this group. In 
particular, V and W may be alike or unlike and V or W or 
V and W may be selected from this group. 
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[0043] The folloWing relationships betWeen the substitu 
ents may apply to compounds 1 to 33. The folloWing 
substituent relationships may in particular apply to the group 
of substituents S1 to S21. The folloWing substituent rela 
tionships may apply to the group of substituents S1 to S11, 
S14 to S16. The folloWing substituent relationships may 
apply to the group of substituents S1, S5-S14, S16. The 
folloWing substituent relationships may apply to the group 
S3, S4, S6-10, S15, S16. 

[0044] X and/or Y may not or may not simultaneously be 
:0 or =C(CN)2. This applies in particular to a mono 
nuclear quinoid dopant, Whose substituents preferably form 
or represent one or no aromatic ring system. In particular, 
this may apply to the compounds 1 and 20. V and/or W may 
not or may not simultaneously be :0 or =C(CN)2. 

[0045] Preferably, in the compound used according to the 
invention, in each instance =X and =X are alike and/or 
=U and =T are alike and/or =V and =W are alike. 

[0046] The substituents AA and BB preferably are in each 
instance alike, and may alternatively be unlike one another. 

[0047] At least one or tWo of the substituents in the group 
=X, =Y, =U, =V, =T, =W, =Z or all substituents in the said 
group may be unlike =O. =X and =Y may be unlike :0. 

[0048] Preferably, at least one or tWo of the substituents in 
the group =X, =Y, =U, =V, =T, =W, =Z or all substituents in 
the group are unlike =S. 

[0049] Preferably at least one or both substituents in the 
group =X and =Y are unlike =S. 

[0050] At least one or tWo of the substituents in the group 
=X and =Y, =U, =V, =T, =W, =Z or all substituents in the 
group may unlike =C(CN)2. 

[0051] At least one or both substituents in the group =X 
and =Y may be unlike =C(CN)2. 

[0052] Preferably at least one or both substituents in the 
group =X and =Y are =N(CN). Preferably, one or both 
substituents =V and =W are =N(CN) and/or one or both 
substituents =U and =T are =N(CN). 

[0053] Preferably at least one or both substituents in the 
group =X and =Y and/or one or both substituents in the 
group =V and =W equal =N(NO2). 

[0054] Preferably at least one or both substituents in the 
group =X and =Y and/or one or both substituents in the 
group =V and =W equal =NR, Where R may alternatively 
be —CF3 or in general per?uoroalkyl, in particular With 
C1-C6. 

[0055] Preferably at least one or both substituents in the 
group =X and =Y and/or one or both substituents in the 
group =V and =W equal =N(C(O)R18. 

[0056] Preferably at least one or both substituents in the 
group =X and =Y and/or one or both substituents in the 
group =V and =W equal =C(NO2)2. 

[0057] Preferably at least one or both substituents in the 
group =X and =Y and/or one or both substituents in the 

group =V and =W equal =C(C(O)R13) (C(O)R14). 

[0058] Preferably at least one or both substituents in the 
group =X and =Y and/or one or both substituents in the 
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group =V and =W equal =C(CF3)2 or in general =C(per 
?uoroalkyl)2, in particular With C1-6. 

[0059] Preferably at least one or tWo or more or all 
substituents in the group =X, =Y=U=V=T=W=Z equal 
=N(CN). 
[0060] Preferably at least one or tWo or more or all 
substituents in the group =X, =Y. =U, =V, =T, =W=Z equal 
=C(CN2)2 or contain a NO2 group conjugated With the 
quinoid system. 

[0061] Preferably at least one or tWo or more or all 
substituents in the group =X, =Y. =U, =V, =T, =W, =Z equal 
=N(NO2). 
[0062] Preferably at least one or tWo or more or all 

substituents in the group =X, =Y, =U, =V, =T, =W, =Z are 
=NR, Where R may in particular alternatively be —CF3 or 
per?uoroalkyl With in particular C1-6. 

[0063] Preferably at least one or tWo or more or all 
substituents in the group =X, =Y =U, =V, =T, W, =Z are 
=N(C(O)R18). 
[0064] Preferably at least one or tWo or more or all 

substituents in the group =X, =Y. =U, =V, =T, =W, =Z are 
=C(C(O)R13) (C(O)R14) or contain a C(O)R group conju 
gated With the quinoid system. 

[0065] Preferably at least one or tWo or more or all 

substituents in the group =X, =Y. =U, =V, =T, =W, =Z are 
=C(CF3)2 or in general =C(per?uoroalkyl)2, in particular 
With C1-6. 

[0066] In particular, for the compounds 1-31 X may be 
=Y in each instance or all substituents X, Y, U, V, T, W, Z 
may be alike, Without being limited thereto. Correspond 
ingly, in a quinoid cornpound generally all quinoid substitu 
ents may be alike. 

[0067] Optionally, X or Y or X and Y are not O, in 
particular for the compounds 1 or 20 or for compounds With 
only one quinoid ring. Optionally, X or Y or X and Y are not 
S, in particular for the compounds 1 or 20. Optionally, X or 
Y or X and Y are not —C(CN)2, in particular, for corn 
pounds 1 or 20. This applies in particular to a compound 
With only one 6-rnernbered quinoid ring, in particular, a ring 
With 6 C atoms. 

[0068] If the compound has at least one or tWo or more 
quinoid :0 groups and/or :5 groups, as applied to one of 
the compounds 1 to 33, to T, U, V, W, X, Y or Z, in particular 
in the case When X or Y or X and Y is O or S, the quinoid 
ring, in particular When only one quinoid ring is present, 
preferably With at least one or at least tWo aryl residues, of 
Which one, more or all may alternatively have heteroatorns, 
is anellated or substituted. 

[0069] The substituents AA and/or BB are double-bond, 
rnesornerically and/or inductively electron-attracting sub 
stituents, preferably selected from the folloWing group 

T 
T1 

NC CN 
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-continued 
T 2 
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R28 
/ 
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T 9 

C(O)R29 / 

In 
T 10 

N02 / 

In 
T 11 

CN / 

In 
T 12 

(l 
T 13 

i 
T 14 

F3CTCN 
T 15 

QCT No2 
T 16 

F3C C(O)R30 

[0070] Where optionally other suitable divalent, in particu 
lar including double-bond, substituents rnay alternatively be 
used. R28 may in particular alternatively be —CF3 or 
another per?uoroalkyl group, preferably With C1-6. 

[0071] The compound according to the present invention 
may represent a quinoid system With a quinoid ring and 1, 
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2 or 3 or more anellated and/or in each instance aromatic 
rings forming a residue R. The aromatic rings may in each 
instance have one or more heteroatoms and be substituted or 
unsubstituted. The quinoid system may be an ortho or para 
quinoid system. The quinoid system may in particular be 
selected from the group of compounds 1-33, Without being 
limited thereto. One, tWo, three or more or all of the aromatic 
rings may alternatively be alike or unlike by a group 
-M1-C(R)=C(R)=C(R)-M2- or -M1-C(=Z)-M2- With M1, 
M2 and be selected from the group —O—, —S—, —NR—. 

[0072] The invention also comprises compounds With a 
quinoid system of tWo rings of 5 or 6 ring atoms in each 
instance, Which may be anellated With 1, 2, 3, 4, 5 or 6 or 
more aromatic rings and/or be substituted With formation of 
a residue R. The aromatic rings may be substitute or 
unsubstituted. 

[0073] The rings in each instance preferably have 6 atoms, 
Which may be 6 carbon atoms. In one or more rings or in 
each compound as a Whole, 1, 2, 3 or 4 or more C atoms may 
be replaced by heteroatoms such as O, S, N. A variety of 
quinoid systems may be anellated, mesomerically bonded by 
one or more double or triple bonds, Which may be C—C 
bonds or heteroatom-C— bonds, or otherWise linked. The 
bond may in particular be selected from the group of 
compounds 1-33, Without being limited thereto. One, tWo, 
three or more or all of the aromatic rings may alternatively 
be alike or unlike M1, M2 by a group -M1-C(R)=C(R)-M2 
or -M1-C(=Z)-M2- and be selected from the group —O—, 
—S—, —NR—. 
[0074] In addition, the present invention relates to com 
pounds having 3 or 4 quinoid rings of 5 or 6 atoms 
independent of one another in each instance, Which may 
have 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 anellated aromatic rings or 
forming a residue R With 6 atoms. The aromatic rings may 
be substituted or unsubstituted. Of the carbon atoms of a 
ring, a plurality of rings or the compound as a Whole 1, 2, 
3 or 4 atoms may be heteroatoms such as O, N or P. The 
compound may in particular be selected from the group of 
compounds 1-33, Without being limited thereto. One, tWo, 
three or more or all of the aromatic rings may alternatively 
be alike or unlike M1, M2 by a group -M1-C(R)=C(R)-M2 
or -M1-C(=Z)-M2- and be selected from the group —O—, 
—S—, —NR—. 

[0075] Irrespective thereof, the compounds used accord 
ing to the present invention may have 1, 2, 3, 4, 5, 6, 7, 8, 
9 or 10 aryl residues, of Which preferably at least one, more 
or especially preferably all are anellated With one or more 

quinoid systems and/or With one another, and/or form the 
residues R. The aromatic rings may be substituted or unsub 
stituted. Here heteroaryl residues are also to be understood 
as aryl residues. The aryl residues may in each instance link 
tWo quinoid rings to one another, preferably With mesomeric 
linkage of the quinoid rings. The quinoid system may be 
selected from the group of compounds 1-33, Without being 
limited thereto. One, tWo, three or more or all of the aromatic 
rings may alternatively be alike or unlike M1, M2 by a group 
-M1-C(R)=C(R)-M2 or -M1-C(=Z)-M2- and be selected 
from the group —O—, —S—, —NR—. Thus, for eXample, 
in the compounds 4, 22 or 23 in each instance 2 or 3 or more 
(hetero)aryl rings may be located betWeen the quinoid rings, 
bridging them. 
[0076] The aromatic rings of the said quinoid systems 
and/or the groups -M1-C(R)=C(R)-M2 or -M1-C(=Z)-M2 
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are preferably perhalogenated, in particular per?uorinated or 
percyano-substituted. Preferably no additional non-aromatic 
and/or non-quinoid rings are contained. 

[0077] Irrespective thereof, the compounds used accord 
ing to the present invention may have 2, 3, 4, 5 or 6 or more 
quinoid ring systems. Preferably, one, more or all of the 
quinoid rings are 5 or 6-membered. Ring carbon atoms may 
be replaced by heteroatoms. At least tWo, more or all of the 
quinoid rings may be anellated together With mesomeric 
linkage to form a larger quinoid system or be mesomerically 
linked by one or more bridges or not linked With formation 
of a larger mesomeric system. The compound may in 
particular be selected from the group of compounds 1-33, 
Without being limited thereto. The quinoid system may in 
particular be selected from the group of compounds 1-33, 
Without being limited thereto. One, tWo, three or more or all 
of the aromatic rings may alternatively be alike or unlike 
M1, M2 by a group -M1-C(R)=C(R)-M2 or -M1-C(=Z) 
M2- and be selected from the group —O—, —S—, 
—NR—. 

[0078] The substituents A, B, K, D, E, F, G, H of the 
compounds 14 and 15 may be unlike or alternatively alike 
and assume the folloWing structures, imionitrogen =N—, 
phosphine =P— or the substituted methylene carbon 
=C=R1'8. 

[0079] It is understood that in all compounds according to 
the invention, a plurality or all N atoms may in each instance 
be replaced by P atoms. 

[0080] In particular, the folloWing compounds With the 
folloWing substitution patterns may be used according to the 
invention: 

[0081] The compounds 1, 2, 3(m=0), 3(m=1), 3(m=3), 
3(m=4), 3b(m=1), 3b(m=2), 3b(m=3), 3b(m=4), 3c(m=1), 
3c(m=2), 3c(m=3), 3c(m=4), 6, 7, 10, 11, 11a, 14, 15, 16, 17, 
18, 19, 20, 21 (for M unlike =C=Z), 26 (for M unlike 
=C=Z), 27 (for M like —O—, —S—, —NR— or =C=Z 
With Z=S1, s2, s3, s4, s5, S6, s7, S8, $9, S10, S11, s12, 
s13, s14, s15, S16, s17, S18, s19, $20 or $21), 28 (for 
U=S1, s2, s3, s4, s5, S6, s7, S8, $9, S10, S11, s12, s13, 
s14, s15, S16, s17, S18, s19, $20 or $21), 30 (With M equal 
to —O—, —S—, —NR— or =C=T With T=s1, s2, s3, s4, 
s5, S6, s7, S8, S8, s10, s11, s12, s13, s14, s15, S16, s17, 
S18, s19, $20 or $21), 32, 33 

[0082] have the folloWing concrete substitution patterns in 
each instance, Where to each one of the compounds in 
succession is assigned the substituent X of a ?rst line and the 
substituent Y beloW it of the folloWing line 

[0083] With X and Y in each instance as folloWs: 

[0085] Y: s1, s2, s3, s4, s5, S6, s7, S8, $9, $10, $11, 
$12, $13, $14 

[0086] X: s1, s1, s1, s1, s1, s1, s1 

[0087] Y: s15, S16, s17, S18, s19, s20, s21 

[0088] or With X and Y in each instance as folloWs: 

[0089] X: s2, s2, s2, s2, s2, s2, s2, s2, s2, s2, s2, s2, 
s2, s2 
























































