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(57) ABSTRACT

The present invention relates to a compound having a
general formula selected from the group consisting of for-
mula la and 1b, wherein K represents an aromatic or
heteroaromatic group in which at least one hydrogen atom
may be substituted by a functional groups selected from the
group consisting of a sulfonic acid group, a sulfuric acid
group, an ammonium group and an aliphatic group; X is
selected from the group consisting of a C—C-bond, O, S,
SO, and NR', wherein R' represents a hydrogen or an
aliphatic or aromatic group; A represents a fluorinated or
perfluorinated aromatic group; n represents an integer in the
range from 2 to 6; m represents an integer in the range from
1 to 3. The present invention also relates to a composition
comprising this compound, to a process for the preparation
of a conductive layer using this composition, to a conductive
layer comprising the compound according to the present
invention, to electronic components comprising this con-
ductive layer and to the use of the compound according to
the present invention as an additive in a hole-injection layer
of an OLED or in an organic solar cell.

Ib

m



US 2017/0365798 A1l

FLUORINATED AROMATIC SMALL
MOLECULES AS FUNCTIONAL ADDITIVES
FOR DISPERSION OF CONDUCTIVE
POLYMERS

[0001] The present invention relates to a compound, to a
composition comprising this compound, to a process for the
preparation of a conductive layer using this composition, to
a conductive layer comprising the compound according to
the present invention, to electronic components comprising
this conductive layer and to the use of the compound
according to the present invention as an additive in a hole
injection layer of an OLED.

[0002] Electrically conducting polymers have been used
in a variety of organic electronic devices, including in the
development of electroluminescent (EL) devices for use in
light emissive displays. With respect to EL devices, such as
organic light emitting diodes (OLEDs) containing conduct-
ing polymers, such devices generally have the following
configuration:

[0003]

[0004] The anode is typically any material that has the
ability to inject holes into the otherwise filled w-band of the
semiconducting, EL polymer, such as, for example, indium/
tin oxide (ITO). The anode is optionally supported on a glass
or plastic substrate. The EL polymer is typically a conju-
gated semiconducting polymer such as poly(paraphenylen-
evinylene) or polyfluorene. The cathode is typically any
material (such as, e.g., Ca or Ba) that has the ability to inject
electrons into the otherwise empty m*-band of the semicon-
ducting, EL polymer.

[0005] The hole injection layer (also referred to as “buffer
layer”™) is typically a conducting polymer and facilitates the
injection of holes from the anode into the EL polymer layer.
Typical conducting polymers employed as hole injection
layer include polyaniline and polydioxythiophenes. A well
known conductive polymer that is used to prepare conduc-
tive layers in organic electronic devices is a complex of
poly(3,4-ethylenedioxythiophene) and polystyrene sulfonic
acid, also referred to as “PEDOT/PSS”. However, an OLED
the hole injection layer which is based on PEDOT/PSS is
usually characterized by an unsatisfying performance, in
particular by a comparatively short life time and a low
efficiency and luminescence.

[0006] In order to improve the performance of an OLED
the hole injection layer which is based on PEDOT/PSS the
prior art suggest to add certain additives to the PEDOT/
PSS-dispersions used to form the hole injection layer.

[0007] US 2005/0209388 Al, for example, suggest to
substitute the polystyrene sulfonic acid by colloid-forming
polymeric acids such as NAFION®, wherein according to
the teaching of US 2005/0209388 Al the compositions
disclosed therein are obtained by oxidatively polymerizing
the thiophene monomers in the presence of NAFION®. US
2004/124504 A1 suggests to improve the performance of an
OLED the hole injection layer of which is based on PEDOT/
PSS by adding a plurality of nanoparticles to the dispersions.
Suitable nanoparticles disclosed in US 2004/124504 A1l are
perfluorethylene sulfonates such as NAFION®. However,
using NAFION® as an additive in hole injection layers of an
OLED has the disadvantage that these fluorinated sulfonic
acid polymers are expensive, not soluble in water (they
merely form a colloid) and that they are insoluble in organic

anode/hole injection layer/EL polymer/cathode
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solvents. These disadvantages limit their compatibility with
conductive polymer dispersions especially at higher concen-
tration.

[0008] WO 2009/096352 A1 discloses a “charge transport
varnish” comprising specific low molecular weight fluori-
nated sulfonic acids and conductive polymers such as polya-
nilline. This varnish may have a beneficial effect on OLED
performance (i.e. low-voltage drive and luminescence effi-
ciency) if applied as a thin film. The fluorinated sulfonic
acids are soluble in water and in highly polar organic
solvents such as DMF. A general applicability of these
substances has not be shown, in particularly a beneficial
effect of the described low molecular weight fluorinated
sulfonic acids when used in combination with PEDOT/PSS.
Moreover, the solubility of the fluorinated sulfonic acids
disclosed in WO 2009/096352 Al in solvents other than
water is low.

[0009] It was therefore an object of the present invention
to overcome the disadvantages of the prior art in the field of
organic electronic devices, in particular of OLEDs the hole
injection layer of which is based on conductive polymers
such as PEDOT/PSS.

[0010] In particular, it was an object of the present inven-
tion to provide a low molecular weight additive with a
tailored solubility in water or organic solvents that, when
used in combination with conductive polymers such as
PEDOT/PSS for the preparation of conductive layers in
organic electronic devices, in particular for the preparation
of a hole injection layer in an OLED, helps to improve the
performance of these electronic devices. In contrast to
complex polymers such as NAFION® the low-molecular
weight additives should by obtainable by a simple 1-2 step
synthesis from commercially available precursors.

[0011] A contribution to the solution of at least one of the
above objects is provided by the subject matter of the
category-forming independent claims, wherein the there-
from dependent subclaims represent preferred embodiments
of the present invention, whose subject matter likewise
make a contribution to solving at least one object.

EMBODIMENTS

[0012] I.Acompound having a general formula selected
from the group consisting of formula la and Ib

Ib

m

[0013] wherein

[0014] K represents an aromatic or heteroaromatic
group in which in which at least one hydrogen atom
may be substituted by a functional groups selected
from the group consisting of a sulfonic acid group, a
sulfuric acid group, an ammonium group and an
aliphatic group;

[0015] X is selected from the group consisting of a
C—C bond, O, S, SO, and NR', wherein R' repre-
sents a hydrogen or an aliphatic or aromatic group;

[0016] A represents a fluorinated or perfluorinated
aromatic group;



US 2017/0365798 A1l

[0017] n represents an integer in the range from 2 to
[0018] m represents an integer in the range from 1 to
3

[0019] II. The compound according to embodiment I,
wherein the functional group is selected from the group
consisting of
[0020] 1) —SO;M, wherein M is selected from the

group consisting of H*, Na*, K*, Li*, NH,*, Ca®*
and Mg,

[0021] 11)) —OSO;M, wherein M is selected from the
group consisting of H*, Na*, K*, Li*, NH,*, Ca®*
and Mg,

[0022] iii) —CO,M, wherein M is selected from the
group consisting of H*, Na*, K*, Li*, NH,*, Ca®*
and Mg,

[0023] iv) an ammonium group selected from the
group consisting of —N(CH;),*, —N(CH,CHj,), ",
—N(C3H,),", —N(C4Ho),™, and —N(CsH,y, )", and

[0024] v) an alkyl group selected from the group
consisting of —CH;, —C,H,;, —C,H,, —C,H,,
—CsH,,, —CeH,5, —CH,5, —CgH,7, —CoHy,
—CyoHyy, —C Hy3 and —C . Hos.

[0025] III. The compound according to embodiment I or
11, wherein R' is selected from the group consisting of
—CH,, —C,H,, —C;H, and —C_H,.

[0026] IV. The compound according to anyone of
embodiments I to I1I, wherein K represents a monocy-
clic aromatic or heteroaromatic group and wherein the
structural subunit Ia' of formula Ia or the structural
subunit Ib' of formula Ib

Ta'

I’

[0027] have a general structure selected from the group
consisting of general formulae ITa to 11k (for a mono-
cyclic aromatic group K) or from the group consisting
of general formula Il to IIx (for a monocyclic het-
eroaromatic group K):

Ila
X
R X..
R R
R
Ilb
o
R R
R x
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R AN [0028] wherein
| [0029] Y represents S, O or NR", wherein R"
y represents a hydrogen atom or an aliphatic group
X N R with 1 to 20 carbon atoms,
: [0030] R is selected from the group consisting of
Il H, —SO;M, —0SO;M, —CO,M, —N(CH,),",
RNt —N(CH,CH,), —NGH,), NG
| *N(C5H11)4 s *CHss *Cszs *C3H7s
L 4C4H9a 7C5H117 4C6H137 7C7H155 4CSH17:

wherein M is as defined in embodiment II and

X N X---- —CoH,yp, —CioHy, —Cy s, and —C,,Hos,
I [0031] wherein the dotted line indicates the bond to

R A.
[0032] V. The compound according to embodiment IV,
R Xy wherein X represents O and wherein the following
| ] combinations for substituent R per entity K are ful-
)\ filled:
[0033] n=2, and

-
Z
-eeebd

[0034] R=1x—SO;M and 3xH or R=2x—SO;M and
2xH,
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[0035] or

[0036] n=3, and

[0037] R=3xH or R=3x—S0,M,

[0038] wherein M is as defined in embodiment II.

[0039] VI. The compound according to anyone of
embodiments I to III, wherein K represents a bicyclic
aromatic or heteroaromatic group, n represents 2 and
wherein the structural subunit Ia' of formula Ia or the
structural subunit Ib' of formula Ib

Ta'

[0040] have a general structure selected from the
group consisting of general formulae I11a to IIIj (for
a bicyclic aromatic group K) or from the group
consisting of general formula Illk to Illu (for a
bicyclic heteroaromatic group K):

la

X X
R R
R R
R R
b
: R R
X R
R R
X R
e
; R R
1
X R
X R
R R
Id
R X

= w
e pmm -
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[0041] wherein

[0042] Y represents S, O or NR", wherein R"
represents a hydrogen atom or an aliphatic group
with 1 to 20 carbon atoms,

[0043] R is selected from the group consisting of
H, —SO;M, —0SO;M, —CO,M, —N(CH,),",
7N(CHZCH3)4+5 7N(C3H7 4305 7N(C4H9)4+3
—N(GHy),,  —CH;,  —GHs,  —CH,
4C4H95 4CSH113 4C6H135 4C71415’ 4CSH175
—CoH,yp, —CioHy, —Cy Hay, and —C,,Hos,
wherein M is as defined in embodiment II and

[0044] wherein the dotted line indicates the bond to

A

[0045] VII. The compound according to embodiment

VI, wherein X represents O and wherein the following
combinations for substituent R per entity K are ful-
filled:

[0046] R=2x—SO,M and 4xH,

[0047] or

[0048] R=3x—SO,M and 3xH,

[0049] wherein M is as defined in embodiment II.

[0050] VIII. The compound according to anyone of

embodiments T to III, wherein K represents a bicyclic
aromatic or heteroaromatic group, n represents 3 and
wherein the structural subunit Ia' of formula Ia or the
structural subunit Ib' of formula Ib

I’

[0051] have a general structure selected from the
group consisting of general formulae IVa to IVI (for
a bicyclic aromatic group K) or from the group
consisting of general formula IVm and IVn (for a
bicyclic heteroaromatic group K):
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R R
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X
IVn
X X
AN
Z
N
X

[0052] wherein R is selected from the group consist-
ing of H, —SO,;M, —OSO,M, —CO,M, —N(CH,)
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4> —N(CH,CH,),", —N(C;H,),", —N(C,H,),7,
*N(C5H11)4+s *CH35 4CzH55 *C3H7s *C4H95
7C5H117 7C6H137 7C7H157 4CSH177 4C9H197
—C,H,,, —C,,;H,;, and —C,H,s, wherein M is
as defined in embodiment II and wherein the dotted
line indicates the bond to A.

[0053] IX. The compound according to anyone of
embodiments I to III, wherein K represents a bicyclic
aromatic or heteroaromatic group, n represents 4 and
wherein the structural subunit Ia' of formula la or the
structural subunit Ib' of formula Ib

Ta'

K—X],
X
K
X

[0054] have a general structure selected from the
group consisting of general formulae Va to Vi:

I’

m

Va
| X R
X R
X R
R R
Vb
X7 Tx
X R
X R
R R
Ve
X7 R |
X X
X R
R R
vd
X7 R
&‘X R
. x
1
R R ;
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[0055] wherein R is selected from the group consist-
ing of H, —SO,M, —0OSO;M, —CO,M, —N(CHs;)
4+’ 7N(CHZCH3)4+> 7N(C3H7)4+’ 7N(C4H9)4_’
7N(C5H11)4+5 7CH35 4C2H55 4C3H7s 7C4H9s
7C5H113 7C6H135 7C7H155 7C8H175 4CQH195
—C,H,;, —C,;H,;, and —C,H,, wherein M is
as defined in embodiment II and wherein the dotted
line indicates the bond to A.

[0056] X. The compound according to anyone of
embodiments I to III, wherein K represents a bicyclic
aromatic or heteroaromatic group, n represents 5 and
wherein the structural subunit Ia' of formula Ia or the
structural subunit Ib' of formula Ib
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—C,oH,,,—C,;H,; and —C, ,H,s, wherein M is as
I’ defined in embodiment II and wherein the dotted line
indicates the bond to A.

[0059] XI. The compound according to anyone of
embodiments I to III, wherein K represents a bicyclic
aromatic or heteroaromatic group, n represents 6 and
wherein the structural subunit Ia' of formula Ia or the
structural subunit Ib' of formula Ib

[0057] have a general structure selected from the
group consisting of general formulae Vla to Vle:

PSR

[0058] wherein R is selected from the group consist-
ing of H, —SO;M, —0SO,M, —CO,M, —N(CH,)
4+5 7N(CH2CH3)4+5 7N(C3H7)4+5 7N(C4H9)4_5

-

R
X

T/
K—X],
P . Via Ib'
D o X
K
X R X1,
X R [0060] have a general structure selected from the
' group consisting of general formulae VIla to VIIj:
! X R
VIb
¢ R
X X Vila
: R R :
. X e
X R
R R
Ve X X
X X D ¢ X,
X X
- VIlb
"X R x x ;
R R R X
VIid
: Xﬂ' NNX .
):( R X X
R X,
Vile
X X
! ! XX
1 R R 1 :
Vie R X
: “x <
X R R }5
XX
)I( R VId
: R X. xR
X X

_N(C5H11)4+s _CH35 _C2H55 _C3H7s _C4H95
7C5H115 7C6H135 7C7H135 4CSH175 4CQH195

.
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herein R is selected from the group consisting
of H, —SO,M, —0SO,;M, —CO,M, —N(CH,),",

7N(CH2CH3)4+S 7N(C3H7)4+’
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—C,oH,,,—C,;H,; and —C, ,H,s, wherein M is as
defined in embodiment II and wherein the dotted line
indicates the bond to A.

[0062] XII. The compound according to anyone of
embodiments I to I1I, wherein K represents a tricyclic
aromatic or heteroaromatic group and wherein the
structural subunit Ia' of formula la or the structural
subunit Ib' of formula Ib

Vile

VIIf

b’

Vilg

[0063] have a general structure selected from the
group consisting of general formulae VIIla to VIIIr
(for a tricyclic aromatic group K) or have the general
formula VIIIs to VIITu (for a tricyclic heteroaromatic
group K):

Vila
VIIh ~

VIIIb
VIIi R R R

e o
-n b b

Vllle

VIIj

> 5
= o

VIIId

7N(C4H9)4_5

—N(C,H,,),*, —CH,;, —C,H5, —C;H,, —C,H,, R R R
—CsHy,, —Cgly5, —C5H;5, —CgH, 57, —CoHo,
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Ville
R

-continued
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o o

VIIIm
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VIITh
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VIIIp
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Vlllq
6 R
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: R R X7
X R
R R
R R R

%

X----

X

VIIIr

VllIs

VIIIt

VIIIu

[0064] wherein R is selected from the group consist-
ing of H, —SO;M, —OSO,M, —CO,M, —N(CH,)
45 —N(CH,CH,),", —N(C3H;),", —N(C,Ho),™,
7N(C5H11)4+s 7CH33 4C2H53 7C3H7s 7C4H93
—Csl,, —Cgl 5. —CiH,5, —CiH,,, —CoH,s,
—C,H,,,—C, ,H,; and —C, ,H,s, wherein M is as
defined in embodiment 1T and wherein the dotted line

indicates the bond to A.

[0065] XIII. The compound according to anyone of
embodiments I to XII, wherein A has a general structure
selected from the group consisting of general formulae

1Xa to IXo:

Xa

11

-continued
F N
F F
F
F I F
F F
F. | F
F F
F
F l
F F
F I F
F F
F
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IXb

Xe

IXd

Xe

IXf

Xg
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1

1

-continued

F

F

5]

5]

5]

5]

74
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-continued
IXh IXn

Xo
IXi ’

[0066] wherein the dotted line indicates the bond to
1Xj X.

[0067] XIV. The compound according to anyone of
embodiments I to XIII, wherein the compound has a
general structure selected from the group consisting of
general formulae Xa to Xg or the corresponding salts
thereof:

Xa

Xk

IX1
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-continued
I
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o

Xe
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Xf
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Xg

F
F I F
0]

[0068] XV. A composition comprising
[0069] 1) at least one conductive polymer,
[0070] 1II) at least one solvent and

[0071] TII) at least one compound according to any-
one of embodiments I to XIV.
[0072] XVI. The composition according to embodiment
XV, wherein the conductive polymer I) comprises a
polythiophene.
[0073] XVII. The composition according to anyone of
embodiments XV and XVI, wherein the solvent II) is
water, an organic solvent selected from the group
consisting of alcohols, aliphatic hydrocarbons, aro-
matic hydrocarbons, ethers, halogenated hydrocarbons,
aliphatic nitriles, aliphatic carboxylic acids, aliphatic
carboxylic acid and ketones or a mixture of at least two
of these solvents.
[0074] XVIII. A process for the preparation of a con-
ductive layer, comprises the process steps:
[0075] (P1) superimposing a substrate with the com-
position according to anyone of embodiment XV to
XVIL
[0076] or
[0077] first superimposing a substrate with a com-
position comprising the solvent and the compound
according to anyone of embodiments I to XIV, at
least partial removal of the solvent and then super-
imposing the substrate with a composition accord-
ing to anyone of embodiments XV to XVII or with
a composition comprising the solvent and the
conductive polymer;

[0078] or

[0079] first superimposing a substrate with a com-
position comprising the solvent and the conduc-
tive polymer, at least partial removal of the solvent
and then superimposing the substrate with the
composition according to anyone of embodiments
XV to XVII or with a composition comprising the
solvent the compound according to anyone of
embodiments I to XIV;

[0080] (P2) at least partial removal of the solvent.
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[0081] XIX. A conductive layer comprising at least one
compound according to anyone of embodiments I to
XIV.

[0082] XX. An electronic component comprising a con-
ducting layer obtainable by the process according to
embodiment XVIII or comprising a conductive layer
according to embodiments XTX.

[0083] XXI. The electronic component according to
embodiments XX, wherein the electronic component is
an OLED, a display, an organic solar cell, a hybrid solar
cell, a field effect transistor, or a thermoelectric gen-
erator.

[0084] XXII. Use of at least one compound according to
anyone of embodiments I to XIV as an additive in a
hole-injection layer of an OLED or in an organic solar
cell.

[0085] A contribution towards solving these objects is
made by a compound having a general formula selected
from the group consisting of formula Ia and Ib

b

m

[0086] wherein

[0087] K represents an aromatic or heteroaromatic
group, preferably a mono-, di- or tricyclic aromatic or
heteroaromatic group, in which at least one hydrogen
atom may be substituted by a functional group selected
from the group consisting of a sulfonic acid group, a
sulfuric acid group, an ammonium group and an ali-
phatic group;

[0088] X is selected from the group consisting of a
C—C bond, O, S, SO, and NR', preferably selected
from the group consisting of O, S, SO, and NR/,
wherein R' represents a hydrogen or an aliphatic or
aromatic group, preferably an alkyl group and most
preferably an alkyl group selected from the group
consisting of —CH;, —C,Hs, —C,H, and —CH,,
wherein it is most preferred that X represents O;

[0089] A represents a fluorinated or perfluorinated aro-
matic group;

[0090] n represents an integer in the range from 2 to 6,
preferably 2 or 3;

[0091] m represents an integer in the range from 1 to 3,
preferably 1.

[0092] Tt is preferred that in the compound according to
the present invention the functional group (i.e. the functional
group with which at least one hydrogen atom of the aromatic
group K may be substituted) is a functional groups selected
from the group consisting of

[0093] 1) —SO,M, wherein M is selected from the
group consisting of H*, Na*, K*, Li*, NH,*, Ca,* and
Mg2+;

[0094] ii) —OSO.M, wherein M is selected from the
group consisting of H*, Na*, K*, Li*, NH,*, Ca** and
Mg2+,

[0095] ii)) —CO,M, wherein M is selected from the
group consisting of H*, Na*, K*, Li*, NH,*, Ca®* and
Mg2+,
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[0096] iv) an ammonium group selected from the group
consisting of —N(CH;),", —N(CH,CH,),",
—N(C;H,),%, —N(C,H,),", and —N(CsH,,),*, and

[0097] v) an alkyl group selected from the group con-
sisting of —CH,, —C,H,, —C,H,, —C,Hy, —C.H,;,
4C6H137 7C7H15’ 4C8H177 7C9H197 4ClOH217
—C,H,; and —C,,H,s.

[0098] Functional groups i), ii), iii) and iv) are preferred if
the compounds according to the present invention are used
in water-based compositions, whereas functional group v)
(or compounds in which no hydrogen atoms are substituted
by any of these functional groups 1) to v)) are preferred for
compositions that are based on organic solvents.

[0099] According to preferred embodiments of the com-
pound according to the present invention 1, 2, 3 or 4
hydrogen atoms, preferably 1 or 2 hydrogen atoms of the
heteroaromatic or heteroaromatic group K are substituted by
one of the above mentioned functional groups selected from
the group consisting of a sulfonic acid group, a sulfuric acid
group, an ammonium group and an aliphatic group.

[0100] As in the compound according to the present
invention two or more hydrogen atoms of the aromatic
group K may be substituted by any of the above mentioned
functional groups, these groups may be identical or different.
However, according to a particularly preferred embodiment
of the compound according to the present invention the
functional group is —SO,M, wherein M is selected from the
group consisting of H*, Na*, K*, Li*, NH,*, Ca®* and Mg>*,
and if more than one hydrogen atom of the aromatic group
K is substituted by a functional group, all these groups are
—SO;M groups, wherein M is selected from the group
consisting of H*, Na*, K*, Li*, NH,*, Ca** and Mg**.
[0101] According to a first embodiment of the compound
according to the present invention K represents a monocy-
clic aromatic group or a monocyclic heteroaromatic group
and the structural subunit Ia' of formula Ia or the structural
subunit Ib' of formula Ib

Ib'

[0102] have a general structure selected from the group
consisting of general formulae Ila to Ik (for a monocyclic
aromatic group K) or from the group consisting of general
formula IIT to IIx (for a monocyclic heteroaromatic group K)
(hydrogen atoms in formula ITw and IIx are not shown):

Ila
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[0103]

[0104] Y represents S, O or NR", wherein R" represents
a hydrogen atom or an aliphatic group with 1 to 20
carbon atoms, preferably a C,-C,,, alkyl group,

[0105] R is selected from the group consisting of H,
—S0,M, —0SO;M, —CO,M, —N(CH,),",
N, —NGH)S —N(Cl)s™
7N(C5H11)4 s 7CH35 7C2H55 4CSH7’ 7C4H95
4CSH115 7C6H135 4C7H155 7C8H17s 4CQH195

wherein
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—C,H,,, —C,,H,; and —C,,H,s, wherein M is

selected from the group consisting of H*, Na*, K*, Li",

NH,*, Ca** and Mg**,
[0106] and wherein the dotted line indicates the bond to A.
[0107] From the compounds of the first embodiment
according to the present invention particularly preferred
compounds are those in which X represents O and in which
the following combinations for substituent R per entity K are
fulfilled:

[0108] n=2, and

[0109] R=1x—SO;M and 3xH or R=2x—SO;M and
2xH,

[0110] or

[0111] n=3, and

[0112] R=3xH and 3x—SO;M,

[0113] wherein M is selected from the group consisting of

H*, Na*, K*, Li*, NH,*, Ca®* and Mg**.

[0114] According to a second embodiment of the com-
pound according to the present invention K represents a
bicyclic aromatic group (i.e. K is based on a naphthalene
group) or a bicyclic heteroaromatic group.

[0115] According to a first variant of the second embodi-
ment of the compound according to the present invention n
represents 2 and the structural subunit Ia' of formula Ia or the
structural subunit Ib' of formula Ib

Ib'

[0116] have a general structure selected from the group
consisting of general formulae Illa to IIIj (for a bicyclic
aromatic group K) or from the group consisting of general
formula 1Tk to MTu (for a bicyclic heteroaromatic group K)
(hydrogen atoms in formula IIIK to IIIu are not shown):

1Ila

X X
R R
R R
b
X R
R R
X R
Il
: R R
X R
X R
R R
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[0117] wherein
[0118] Y represents S, O or NR", wherein R" represents

a hydrogen atom or an aliphatic group with 1 to 20
carbon atoms, preferably a C,-C,, alkyl group,

[0119] R is selected from the group consisting of H,
~SO,M, —0SO,M, —COM, —N(CH,),"
—N(CH,CH,),",  —N(GH,),,  —N(CHo),"

—N(CsHyy),", —CH;, —CHs, —C3H; —CH,,
4CSH115 7C6H13’ 4C7H155 7C8H175 4C9H19s
—C,H,;, —C,H,5; and —C,,H,5, wherein M is
selected from the group consisting of H*, Na*, K*, Li*,
NH,*, Ca®* and Mg™*,
[0120] and wherein the dotted line indicates the bond to A.
[0121] In context with this first variant of the second
embodiment compounds are particularly preferred in which
X represents O and in which the following combinations for
substituent R per entity K are fulfilled:

[0122] R=2x—SO,M and 4xH,

[0123] or

[0124] R=3x—SO,M and 3xH,

[0125] wherein M is selected from the group consisting of

H*, Na*, K*, Li*, NH,*, Ca** and Mg**.

[0126] According to a second variant of the second
embodiment of the compound according to the present
invention n represents 3 and the structural subunit Ia" of
formula Ia or the structural subunit Ib' of formula Ib

Ta'

KXl

18
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v’
X
K
X in
[0127] have a general structure selected from the group

consisting of general formulae IVa to 1V1 (for a bicyclic
aromatic group K) or from the group consisting of general
formula IVm and IVn (for a bicyclic heteroaromatic group
K) (hydrogen atoms in formula IIIm and IIIn are not shown):

IVa
X" R
t'X R
X R
R R
Vb
: X R
X R
R R
X R
Ve
: X R
X R
R R
R X..
vd
: X R
X R
R X
R R i
IVe
R R
X R
X R
R X
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vt
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X R
R X..
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X X
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R o
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R R
R R
IVk
X7 X
R R
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; R R
vl

:x"wi
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IVm
X
X
Z
X N
X
IVn
X X
X
VY
N
X

[0128] wherein R is selected from the group consisting of
H, —SO,M, —0SOM, —COM, - N(CH),"
_N(CH2CH3)4+S _N(C3H7)4+5 _N(C4H9)4+5 _N(CSHII)

4+s 4CH35 4C2H55 4C’3H7s 4C4H95 7C5H115 4C6H13s
—CH,;5, —CH,;, —CH,, —C,0'%,, —C) H,; and
—C,,H,5, wherein M is selected from the group consisting
of H*, Na*, K*, Li*, NH,*, Ca** and Mg** and wherein the
dotted line indicates the bond to A.

[0129] According to a third variant of the second embodi-
ment of the compound according to the present invention n
represents 4 and the structural subunit Ia' of formula Ia or the
structural subunit Ib' of formula Ib

b’

[0130] have a general structure selected from the group
consisting of general formulae Va to Vi:

><_...
=]

-
=]

Vb
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3 Vi
; xR
X R
R R
X, X
[0131] wherein R is selected from the group consisting of
H, —SO,M, —0SOM, —COM, —N(CH,),",
7N(CH2CH3)4+> 7N(C3H7)4+> 7N(C4H9)4+> 7N(C5H11)

4+s 4CH35 4C2H55 4C’3H7s 4C4H95 7C5H115 4C6H13s
—CHys5, —CGH,,, —CH,o, —CoH,,, —C) H,; and
—C,,H,5, wherein M is selected from the group consisting
of H*, Na*, K*, Li*, NH,*, Ca** and Mg and wherein the
dotted line indicates the bond to A.

[0132] According to a forth variant of the second embodi-
ment of the compound according to the present invention n
represents 5 and the structural subunit Ia' of formula Ia or the
structural subunit Ib' of formula Ib

b’

[0133] have a general structure selected from the group
consisting of general formulae VIa to Vle:

. 3 Via
" x”
X R
X R
E X R
. Vib
: X R
X R
i X R
’ N 3 Vic
ey o :
Ty R
R R
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[0134] wherein R is selected from the group consisting of
H, —SO,M, —0SOM, —CO,M, —N(CH,),",
—N(CH,CH,),", —N(C;H;),*, —N(C,H,),*, —N(CsH,,)
4+s 4CH3: *CZHSs —C3H7, 4C4H9s *CSHM: 4C6H13s
—C;Hys, —CgHyp, —ColHyo, —CioHyy, —CpH,s and
—C,,H,5, wherein M is selected from the group consisting
of H*, Na*, K*, Li*, NH,*, Ca®* and Mg?* and wherein the
dotted line indicates the bond to A.

[0135] According to a fifth variant of the second embodi-
ment of the compound according to the present invention n
represents 6 and the structural subunit Ia' of formula Ia or the
structural subunit Ib' of formula Ib

Ta'

[0136] have a general structure selected from the group
consisting of general formulae VIla to VIIj:

Vila
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[0137] wherein R is selected from the group consisting of
H, —SO;M, —O0SOM, —CO,M, —N(CH,),",
7N(CH2CH3)4+7 7N(C3H7)4+7 7N(C4H9)4+7 7N(C5H11)

+ —CH,, —C,H,, —C,H,, —C,Hy, —CsH, ;. —C¢H,s,
—C;Hy5, —CeHy7, —CoHygy —CioHyy, —CiiHy; and
—C,,H,5, wherein M is selected from the group consisting
of H*, Na*, K*, Li*, NH,*, Ca®* and Mg”* and wherein the
dotted line indicates the bond to A.

[0138] According to a third embodiment of the compound
according to the present invention K represents a tricyclic
aromatic group (i.e. K is based on a anthracene group or a
phenanthrene group) or a tricyclic heteroaromatic group and
the structural subunit Ia' of formula Ia or the structural
subunit Ib' of formula Ib

Ta'

I’

[0139] have a general structure selected from the group
consisting of general formulae VIIla to VIIIr (for a tricyclic
aromatic group K) or have the general formula VIIIs to VIIIu
(for a tricyclic heteroaromatic group K) (hydrogen atoms in
formula VIIIs, VIIIt and VIIIu are not shown):

Villa

22
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[0140] wherein
[0141] Y represents S, O or NR", wherein R" represents

a hydrogen atom or an aliphatic group with 1 to 20
carbon atoms, preferably a C,-C,, alkyl group,

[0142] R is selected from the group consisting of H,
—SO;M, —0SO;M, —CO,M, —N(CH,).,",
N, —NGH)S —N(Call)s™
7N(C5H11)4 s 7CH35 7C’2H55 4CSH7’ 7C4H9s
4CSH115 4C7H15’ 7C8H175 7C9H195 4ClOH2ls
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—C,,H,; and —C,H,;, wherein M is selected from _continued

the group consisting of H*, Na*, K*, Li*, NH,*, Ca**

and Mg™*,
[0143] and wherein the dotted line indicates the bond to A. IXe
[0144] In context with the third embodiment compounds
are particularly preferred in which X represents O and in
which the following combinations for substituent R per
entity K are fulfilled:
[0145] R=2x—SO,M and 6xH,
[0146] or
[0147] R=3%—SO,;M and 5xH,
[0148] wherein M is selected from the group consisting of
H*, Na*, K*, Li*, NH,*, Ca®** and Mg**
[0149] Inthe compound according to the present invention

A represents a fluorinated or perfluorinated aromatic group,
more preferably a perfluorinated aromatic group. In this

context it is particularly preferred that A has a general IXf
structure selected from the group consisting of general
formulae IXa to IXo:
IXa
F ' F
F: ; F IXg
F
IXb
F N
F F
IXh
F
IXc
F I F
F T
IXi
L. I T
F T
T
IXd
F I X
F F
F. | F
F F
F
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_continued structure selected from the group consisting of general
IXk  formulae Xa to Xg or the corresponding salts thereof:

F F
F F
| | Xa
0 0
H—O\g Q _O0—H
o? A
. Xl 0
F : F
F F
F
F F
Xm
F i F
F QN
N
IXn
. Xo
F. F Xc
0 OH
g !
F F o// \\§o
OH
F
0 0
F F

[0150] wherein the dotted line indicates the bond to X.
[0151] Particularly preferred embodiments of the com- F F
pound according to the present invention have a general
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o? X0
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F ] F F l F
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F l F F l F
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Xg

F
F l F
o]

[0152]
lae Xa to Xg the functional groups are shown to be —SO,H
groups, these groups can of course also be partially or
completely neutralized and can therefore also be present in
the form of —SO,M groups, in which M is selected from the
group consisting of H*, Na*, K*, Li*, NH,*, Ca®* and Mg>*.

It should be noted that, although in general formu-

[0153] The compound according to the present invention
can be prepared in a simply one-step synthesis by reacting
the mono- or polycyclic aromatic or heteroaromatic system
K in which at least one hydrogen atom may be substituted
by the above mentioned functional groups and in which at
the position at which X is attached the corresponding acid
form —XH is present, i.c.

[0154] a group —OH in case of X—=0,
[0155] a group —SH in case of X=S,
[0156] a group —SO,H in case of X—S0O,, or
[0157] a group —NR'H in case of X—NR',
[0158] with a fluorinated or perfluorinated aromatic com-

pound, preferably with a perfluorinated aromatic compound
having a general structure selected from the group consisting
of general formulae XIa to XTh:

Xla
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[0159] in a nucleophilic aromatic substitution reaction,
preferably in the presence of a suitable catalyst. Catalysts
that can be used for this purpose can be selected from the
group consisting of lithium, potassium, lithium hydride,
sodium hydride, lithium t-butoxide, sodium t-butoxide,
potassium t-butoxide, lithium-diisopropylamide, n-butyl-
lithium, s-butyllithium, t-butyllithium, lithium hexamethyl-
disilazide, sodium hexamethyldisilazide, potassium hexam-
ethyldisilazide, lithium hydroxide, sodium hydroxide,
potassium hydroxide, barium hydroxide, barium oxide,
lithium carbonate, sodium carbonate, potassium carbonate,
cesium carbonate, calcium carbonate, sodium hydrogen car-
bonate, triethylamine, diisopropylethylamine, tetramethyl-
ethylenediamine, triethylenediamine, pyridine, dimethylam-
inopyridine, imidazole and the like, and dehydration
condensing agents such as hydrochloric acid, sulfuric acid,
diphosphorus pentaoxide, aluminum (III) chloride, boron
trifluoride diethyl ether complex, ethyl aluminum dichlo-
ride, diethyl aluminum chloride and the like. Preferred
catalysts are selected from the group consisting of sodium
hydroxide, sodium carbonate and potassium carbonate.
[0160] The reaction can be performed in any solvent in
which the educts (i.e. the mono- or polycyclic aromatic or
heteroaromatic system K in which at the position at which
X is attached the corresponding acid form —XH is used and
the fluorinated or perfluorinated aromatic compound) can be
dissolved or dispersed. Preferably an aprotic polar organic
solvent is used, which is preferably selected from the group
consisting  N,N-dimethylformamide, N,N-dimethyacet-
amide, N-methylpyrrolidone, 1,3-dimethyl-2-imidazolidi-
none, dimethylsulfoxide, tetrahydrofuran and dioxane.
[0161] The possible reaction temperature generally ranges
from 50° C. to the boiling point of a solvent used and is
preferably within a range of 0 to 140° C. The reaction time
is usually at 0.1 to 100 hours. After completion of the
reaction, purification can be made by distilling off of the
reaction solvent, protonation of the sulfonate by means of a
cationic exchange resins, extraction operations with a sol-
vent such as methanol or the like, or by precipitation.
[0162] A contribution towards solving the above men-
tioned objects is also made by a composition comprising
[0163] 1) at least one conductive polymer,

[0164] 1) at least one solvent and

[0165] III) at least one compound according to the present
invention,

[0166] wherein the composition preferably is a dispersion
or a solution, particularly preferred dispersion.

[0167] Conductive polymers I) are understood here to
mean especially the compound class of the conjugated
polymers which, after oxidation or reduction, possess elec-
trical conductivity. Preferably, such conjugated polymers are
considered to be conductive polymers which, after oxida-
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tion, possess an electrical conductivity in the order of
magnitude of at least 0.01 uS cm™.

[0168] The conductive polymer I) in the composition
according to the present invention preferably comprises, as
a conjugated polymer, at least one polythiophene, polypyr-
role or polyaniline, which are optionally substituted.
[0169] More preferably, the conductive polymer I) com-
prises at least one polythiophene with repeat units of the
general formula (A) or of the general formula (B) or a
combination of units of the general formulas (A) and (B),
preferably a polythiophene with repeating units of the gen-
eral formula (B):

)

®

/

[0170] wherein

[0171] =z stands for an optionally substituted C,-Cs-
alkylene radical,

[0172] R stands for a linear or branched, optionally
substituted C,-C,g-alkyl radical, an optionally substi-
tuted C,-C,,-cycloalkyl radical, an optionally substi-
tuted C4-C,-aryl radical, an optionally substituted
C,-C g-aralkyl radical, an optionally substituted
C,-C,-hydroxyalkyl radical or a hydroxyl radical,

[0173] x stands for a whole number from 0 to 8 and

[0174] in the case where multiple radicals R are connected
to Y, these can be identical or different.

[0175] The general formulas (A) and (B) are to be so
understood, that x substituents R can be connected to
alkylene radical Y.

[0176] Particularly preferred are polythiophenes with
repeating units of the general formula (B), wherein z stands
for an optionally substituted C,-C;-alkylene radical and x
stands for 0 or 1. Especially preferred as polythiophene is
poly(3,4-ethylenedioxythiophene), which is optionally sub-
stituted.

[0177] In the context of the invention, the prefix poly- is
to be understood as meaning that more than one identical or
different repeating units of the general formulas (A) and/or
(B) are contained in the polymer or polythiophene. As well
as the repeating units of the general formulas (A) and/or (B),
the polythiophene can also comprise other repeating units, it
being preferred that at least 50%, particularly preferred that
at least 75% and most preferred that at least 95% of all
repeating units of the polythiophene exhibit the general
formula(s) (A) and/or (B), preferably the general formula
(B). The polythiophenes contain in total n repeating units of
the general formula(s) (A) and/or (B), preferably of the
general formula (B), n being a whole number from 2 to
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2000, preferably from 2 to 100. The repeating units of the
general formula(s) (A) and/or (B), preferably of the general
formula (B), within a polythiophene can each be identical or
different. Polythiophenes with identical repeating units of
the general formula (B) are preferred.

[0178] The polythiophenes preferably carry H on the end
groups.
[0179] 1In the context of the invention, C,-Cs-alkylene

radicals z are preferably methylene, ethylene, n-propylene,
n-butylene or n-pentylene. C,-C 4-Alkyl R is preferably
linear or branched C,-C g-alkyl radicals such as methyl,
ethyl, n- or isopropyl, n-, iso-, sec- or tert-butyl, n-pentyl,
1-methylbutyl, 2-methylbutyl, 3-methylbutyl, 1-ethylpro-
pyl. 1,1-dimethylpropyl, 1,2-dimethylpropyl, 2,2-dimethyl-
propyl, n-hexyl, n-heptyl, n-octyl, 2-ethylhexyl, n-nonyl,
n-decyl, n-undecyl, n-dodecyl, n-tridecyl, n-tetradecyl,
n-hexadecyl or n-octadecyl, Cs-C,,-cycloalkyl radicals R
are, for example, cyclopentyl, cyclohexyl, cycloheptyl,
cyclooctyl, cyclononyl or cyclodecyl, C,-C | ,-aryl radicals R
are, for example, phenyl or naphthyl, and C,-C,-aralkyl
radicals R are, for example, benzyl, o-, m-, p-tolyl, 2,3-, 2,4-,
2,5-, 2,6-, 3.4-, 3,5-xylyl or mesityl. The above list serves to
illustrate the invention by way of example and should not be
considered to be exclusive.

[0180] In the context of the invention, any further sub-
stituents of the z radicals and/or of the R radicals include
numerous organic groups, for example alkyl, cycloalkyl,
aryl, aralkyl, alkoxy, halogen, ether, thioether, disulfide,
sulfoxide, sulfone, sulfonate, amino, aldehyde, keto, carbox-
ylic ester, carboxylic acid, carbonate, carboxylate, cyano,
alkylsilane and alkoxysilane groups, and also carboxamide
groups.

[0181] Possible substituents for polyaniline or polypyrrole
include, for example, the z and R radicals listed above and/or
the further substituents of the z and R radicals. Preference is
given to unsubstituted polyanilines.

[0182] The polythiophenes that are comprised in the con-
ductive polymer 1) may be uncharged or cationic. In pre-
ferred embodiments, they are cationic, “cationic” relating
only to the charges which reside on the main polythiophene
chain. According to the substituent on the R radicals, the
polythiophenes may bear positive and negative charges in
the structural unit, in which case the positive charges are on
the main polythiophene chain and the negative charges are,
if present, on the R radicals substituted by sulfonate or
carboxylate groups. The positive charges of the main poly-
thiophene chain may be partly or fully saturated by the
anionic groups which may be present on the R radicals.
Viewed overall, the polythiophenes in these cases may be
cationic, uncharged or even anionic. Nevertheless, in the
context of the invention, all are considered to be cationic
polythiophenes, since the positive charges on the main
polythiophene chain are crucial. The positive charges are not
shown in the formulae, since their exact number and position
cannot be stated unambiguously. The number of positive
charges is, however, at least 1 and at most n, where n is the
total number of all repeat units (identical or different) within
the polythiophene.

[0183] To balance the positive charge, if this has not
already been done by the optionally sulfonate- or carboxy-
late-substituted and thus negatively charged R radicals, the
cationic polythiophenes require anions as counterions.
Counterions may be monomeric or polymeric anions, the
latter also being referred to hereinafter as polyanions.
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[0184] Polymeric anions are preferred over monomeric
anions, since they contribute to film formation and, owing to
their size, lead to thermally more stable, electrically con-
ductive films. Polymeric anions here may, for example, be
anions of polymeric carboxylic acids, such as polyacrylic
acids, polymethacrylic acid or polymaleic acids, or poly-
meric sulfonic acids, such as polystyrenesulfonic acids and
polyvinylsulfonic acids. These polycarboxylic and -sulfonic
acids may also be copolymers of vinylcarboxylic and vinyl-
sulfonic acids with other polymerizable monomers, such as
acrylic esters and styrene. Other preferred copolymers are
block-copolymers of polystyrenesulfonic acid, polyalkylsty-
renes and (hydrogenated) isoprenes/dienes.

[0185] A preferred polyanion is an anion of a polymeric
carboxylic or sulfonic acid. A particularly preferred polyan-
ion is the anion of polystyrenesulfonic acid (PSS). The
molecular weight of the polyacids which afford the polyan-
ions is preferably 1000 to 2 000 000, more preferably 2000
to 500 000. The polyacids or alkali metal salts thereof are
commercially available, for example polystyrenesulfonic
acids and polyacrylic acids, or else are preparable by known
processes (see, for example, Houben Weyl, Methoden der
organischen Chemie [Methods of Organic Chemistry], vol.
E 20 Makromolekulare Stoffe [Macromolecular Sub-
stances], part 2, (1987), p. 1141 ff).

[0186] Polyanions and conjugated polymer (i.e. polythio-
phene, polypyrrole or polyaniline, which are optionally
substituted) may be present in the composition according to
the present invention especially in a weight ratio of 0.5:1 to
50:1, preferably of 1:1 to 30:1, more preferably 2:1 to 20:1.
The weight of the conjugated polymer corresponds here to
the initial weight of the monomers used, assuming that there
1s full conversion in the polymerization.

[0187] The monometic anions used are, for example, those
of C,-C,,-alkanesulfonic acids, such as those of methane-
sulfonic acid, ethanesulfonic acid, propanesulfonic acid,
butanesulfonic acid or higher sulfonic acids such as dode-
canesulfonic acid, of aliphatic perfluorosulfonic acids, such
as trifluoromethanesulfonic acid, perfluorobutanesulfonic
acid or perfluorooctanesulfonic acid, of aliphatic C,-C,q-
carboxylic acids such as 2-ethylhexylcarboxylic acid, of
aliphatic perfluorocarboxylic acids, such as trifluoroacetic
acid or perfluorooctanoic acid, and aromatic sulfonic acids
optionally substituted by C,-C,,-alkyl groups, such as ben-
zenesulfonic acid, o-toluenesulfonic acid, p-toluenesulfonic
acid or dodecylbenzenesulfonic acid, and of cycloalkane-
sulfonic acids such as camphorsulfonic acid, or tetrafluo-
roborates, hexafluorophosphates, perchlorates, hexafluoro-
antimonates, hexafluoroarsenates or hexachloroantimonates.
Preferred monomeric anions are the anions of p-toluenesul-
fonic acid, methanesulfonic acid or camphorsulfonic acid.

[0188] Cationic polythiophenes which contain anions as
counterions to balance the charge are often also referred to
in the technical field as polythiophene/(poly)anion com-
plexes. It is therefore particularly preferred that in the
composition according to the present invention the conduc-
tive polymer I) comprises a complex of a polythiophene and
mono- or a polyanion or a combination of both, preferably
a complex of poly(3,4-ethylenedioxythiophene) (PEDOT)
and polystyrenesulfonic acid (PSS), also referred to as a
“PEDOT/PSS”-complex. Such complexes can be obtained if
the monomers used to prepare the polythiophene (like
3,4-ethylenedioxythiophene) are oxidatively polymerized in
the presence of the polyanions in suitable solvents like
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water, as disclosed, for example, in EP 0 440 957 A2. The
complexes of polythiophenes and polyanions, in particular
the PEDOT/PSS-complexes, are preferably present in the
composition according to the present invention in the form
of particles.

[0189] As a further component the composition according
to the present invention also comprises at least one solvent
).
[0190] Preferred solvents are

[0191] water,

[0192] organic solvents selected from the group con-
sisting of aliphatic hydrocarbons, such as heptane,
hexane, pentane, octane,

[0193] terpenes or petroleum ether,

[0194] aromatic hydrocarbons such as benzene, toluene,
xylene, mesitylene, biphenyl,

[0195] ethers, such as diethylether, diisopropylether,
methyltertbutylether dibutylether, diphenylether, ani-
sole and ethylenglycol ethers such as polyethylenglycol
(PEG), ethylene glycol monomethyl ether, ethylene
glycol monoethyl ether, ethylene glycol monobutyl
ether, ethylene glycol monophenyl ether, diethylene
glycol monomethyl ether, diethylene glycol monoethyl
ether, ethylene glycol dimethyl ether, ethylene glycol
diethyl ether, propylen glycol monopropyl ether, dipro-
pylen glycol monomethylether, dipropylen glycol dim-
ethylether, diethylene glycol monomethyl ether or eth-
ylene glycol dibuty] ether,

[0196] esters such as methylacetate, ethylacetate, pro-
pylacetate or butylacetate, methylbenzoate, ethylben-
zoate, propylbenzoate, butylbenzoate, y-butyrolactone,
d-valerolactone, vy-valerolactone, ethylene glycol
methyl ether acetate, ethylene glycol monoethyl ether
acetate, ethylene glycol monobutyl ether acetate, pro-
pylene glycol methyl ether acetate,

[0197] halogenated hydrocarbons such as dichlo-
romethane, dichloroethane, chlorobenzene, chloro-
form, tetrachloromethane, trichloroethane or trichlo-
roethene,

[0198] aliphatic nitriles such as acetonitrile,

[0199] aliphatic sulphoxides and sulphones such as
dimethylsulfoxide or sulfolane,

[0200] aliphatic carboxylic acids such as acetic acid,

[0201] aliphatic carboxylic acid amides such as acet-
amide, dimethyl acetamide or dimethylformamide and
ketones such as acetone or methyl-t-butyl ketone,

[0202] alcohols such as methanol, ethanol, propanol,
butanol, hexanol, terpineol, 1,2-propandiol, ethylengly-
col or dodecanol,

[0203] acetals such as glyme (dimethoxyethane), dig-
lyme, tetraglyme, or dioxolane,

[0204] carbonates such as propylene carbonate or eth-
ylene carbonate

[0205] and other solvent classes like oligo- or polysi-
loxanes,

[0206] and mixtures of at least two of these solvents.
[0207] As component III) the composition according to
the present invention comprises at least one compound
according to the present invention, wherein it is preferred
that the composition according to the present invention
comprises the at least one compound III) in an amount of
0.01 to 10 wt.-%, preferably 0.1 to 7.5 wt.-% and most
preferably 0.5 to 5 wt.-%, in each case based on the total
weight of the composition. The weight ratio of the at least
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one compound I1T) and the conductive polymer I) (in case of
a polythiophene/(poly Janion complex the weight ratio of the
at least one compound I1T) and the total weight of polythio-
phene and polyanion) is preferably in the range from 1:100
to 100:1, more preferably in the range from 1:10 to 10:1 and
most preferably in the range from 1:5 to 5:1.

[0208] Besides at least one conductive polymer I), at least
one solvent 1) and at least one compound according to the
present invention IIT) the composition according to the
present invention may comprise further additives IV) being
different from components I), IT) and IIT), such as

[0209] surface-active substances, e.g. anionic surfac-
tants, such as e.g. alkylbenzenesulphonic acids and
salts, paraffinsulphonates, alcohol sulphonates, ether
sulphonates, sulphosuccinates, phosphate esters, alkyl
ether carboxylic acids or carboxylates, cationic surfac-
tants, such as e.g. quaternary alkylammonium salts,
nonionic surfactants, such as e.g. linear alcohol ethoxy-
lates, oxo alcohol ethoxylates, alkylphenol ethoxylates
or alkyl polyglucosides,

[0210] adhesion promoters, such as e.g. organofunc-
tional silanes or hydrolysates thereof, e.g. 3-glycidoxy-
propyltrialkoxysilane, 3-aminopropyltriethoxysilane,
3-mercaptopropyltrimethoxysilane, 3-methacryloxy-
propyltrimethoxysilane,  vinyltrimethoxysilane  or
octyltriethoxysilane, or

[0211] crosslinking agents, such as melamine com-
pounds, masked isocyanates, functional silanes—e.g.
tetraethoxysilane, alkoxysilane hydrolysates, e.g. based
on tetracthoxysilane, epoxysilanes, such as 3-glyci-
doxypropyltrialkoxysilane, epoxides or oxetanes,
amines, quaternary amines, polyamines or quaternary
polyamines,

[0212] binders, such as, for example, polyalkylene gly-
cols, polyacrylates, polyurethanes, polyesters,
polyethers, polyamides or polyvinyl alcohol, or

[0213] additives which increase the conductivity, such
as, for example, polyalkylene glycols, in particular
polyethylene glycols or polypropylene glycols,
polyglycerols or mixtures of these, polyols, such as
propylene glycol and ethylene glycol, sulphoxides,
such as dimethylsulphoxide, carboxylic acid amides,
such as methylacetamide, dimethylacetamide, dimeth-
ylformamide, N-methylpyrrolidone, N-cyclohexylpyr-
rolidone, ionic liquids, sugars, such as sorbitol.

[0214] The amount of these additives will of course
depend on the nature of the additive, but is usually in the
range from 0 to 20 wt.-%, more preferably from 1 to 15
wt.-% and most preferably from 2.5 to 10 wt.-%, based on
the total weight of the composition.

[0215] Preferably, the composition according to the pres-
ent invention comprises, in each case based on the total
weight of the composition,

[0216] 1) 0.01 to 10 wt.-%, more preferably 0.1 to 7.5
wt.-% and most preferably 0.5 to 5 wt.-%, of the
conductive polymer,

[0217] TIT) 0.01 to 10 wt.-%, more preferably 0.1 to 7.5
wt.-% and most preferably 0.2 to 5 wt.-%, of the at least
one compound according to the present invention;

[0218] IV)O to 20 wt.-%, more preferably from 1 to 15
wt.-% and most preferably from 2.5 to 10 wt.-%, of
further additives IV) being different from components
D), 1) and II0),

[0219] wherein the reminder is the solvent II).
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[0220] Tt is furthermore preferable for the composition
according to the present invention to have a pH in a range
of from 1 to 12, particularly preferably in a range of from 4
to 8, at a temperature of 25° C. The viscosity at 20° C. of the
composition according to the present invention is preferably
less than 1,000 mPas, preferably less than 400 mPas.

[0221] The solids content of the composition according to
the present invention is preferably in a range of from 0.1 to
10 wt. %, particularly preferably in a range of from 0.5t0 7.5
wt. % and most preferably in a range of from 1 to 5 wt. %.

[0222] The composition according to the present invention
can be obtained by various processes.

[0223] According to a first embodiment, the composi-
tion according to the present invention can be obtained
by oxidatively polymerizing the monomers used to
prepare the conductive polymer I), such as 3,4-ethyl-
enedioxythiophene, in the presence of the compound
according to the present invention III) in an appropriate
solvent. The solvent used for the polymerization reac-
tion can be the solvent II) that is present in the
composition according to the present invention, how-
ever, it is also possible to substitute the solvent used for
the polymerization reaction by a different solvent (such
a process is disclosed, for example, in U.S. Pat. No.
6,692,662 B2) or to add a further solvent to the solvent
used for the polymerisation reaction to obtain a solvent
mixture.

[0224] According to a second (and preferred) embodi-
ment, the composition according to the present inven-
tion can be obtained by simply adding the compound
according to the present invention III) to a composition
that already comprises the conductive polymer I), pref-
erably to an aqueous PEDOT/PSS-dispersion. In this
case it is also possible that the solvent used for the
polymerization reaction can be the solvent II) that is
present in the composition according to the present
invention or that the solvent used for the polymeriza-
tion reaction is substituted by a different solvent as
disclosed, for example, in U.S. Pat. No. 6,692,662 B2
or that a further solvent is added to the solvent used for
the polymerization reaction to obtain a solvent mixture.

[0225] If necessary, the mixture of components I), II) and
1II) obtained by one of the above mentioned processes is
heated until all the components are dissolved, wherein the
maximum temperature will of course depend on the boiling
point of the solvent that is used.

[0226] A contribution towards solving the above men-
tioned objects is also made by a process for the preparation
of a conductive layer, comprises the process steps:

[0227] (P1) superimposing a substrate with the compo-
sition according to the present invention

[0228] or

[0229] first superimposing a substrate with a compo-
sition comprising the solvent and the compound
according to the present invention (but not necessar-
ily comprising the conductive polymer), at least
partial removal of the solvent and then superimpos-
ing the substrate with a composition according to the
present invention or with a composition comprising
the solvent and the conductive polymer (but not
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necessarily comprising the compound according to
the present invention);

[0230] or

[0231] first superimposing a substrate with a compo-
sition comprising the solvent and the conductive
polymer (but not necessarily comprising the com-
pound according to the present invention), at least
partial removal of the solvent and then superimpos-
ing the substrate with the composition according to
the present invention or with a composition com-
prising the solvent the compound according to the
present invention (but not necessarily comprising a
conductive polymer);

[0232] (P2) at least partial removal of the solvent.
[0233] In process step (P1) a substrate is superimposed
with the composition according to the present invention (or
with a composition comprising the solvent and either the
conductive polymer 1) or the compound according to the
present invention III)). All layers which can be employed in
electronic components, such as, for example, in an OLED,
are suitable as the substrate. Thus, in particular, the substrate
can be one which is furnished with a preferably transparent
base electrode, the substrate itself preferably also being
transparent. Glass, PET or other transparent plastics, for
example, can be employed as transparent substrate, onto
which a transparent electrically conductive electrode is then
introduced, such as e.g. an electrode made of indium-tin
oxide (ITO), doped zinc- or tin oxide or a conductive
polymer. Particularly suitable transparent plastic substrates
are, for example, polycarbonates, polyesters, such as e.g.
PET and PEN (polyethyleneterephthalate and polyethyl-
enenaphthalinedicarboxylate), copolycarbonates, polyacry-
lates, polysulphones, polyethersulphones (PES), polyim-
ides, polyethylene, polypropylene, cyclic polyolefins or
cyclic olefin copolymers (COC), hydrated styrene polymers
or hydrated styrene copolymers. Suitable polymer bases can,
for example, also be films such as polyester films, PES films
from the Sumitomo company or polycarbonate films from
the Bayer AG company (Makrofol®). According to the
invention, ITO coated glass is particularly preferred as
substrate.

[0234] Superimposing the substrate with the composition
according to the present invention or with a composition
comprising the solvent and either the conductive polymer or
the compound according to the present invention can then be
accomplished by known methods, for example by spin
coating, dipping, pouring, dropping on, injecting, spraying,
knife application, spreading or printing, for example inkjet,
screen, intaglio, offset or pad printing, in a wet film thick-
ness of 0.1 pm to 250 pm, preferably in a wet film thickness
of 0.5 um to 50 pum, and then dried at a temperature of 20°
C. to 200° C.

[0235] In process step (P2) the solvent that is contained in
the composition that has been applied is then at least
partially removed to obtain an electrically conductive layer
comprising the conductive polymer I) and the compound
according to the present invention III), said removal pref-
erably being performed by simple evaporation.

[0236] According to a particularly preferred embodiment
of the process according to the present invention process
steps (P1) and (P2) are is just two steps in the manufacture
of an OLED. As stated above, an OLED usually comprises

[0237] an anode

[0238] a hole injection layer
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[0239] an emitter layer and
[0240] a cathode,
[0241] wherein the hole injection layer is preferably pre-

pared by the process according to the present invention. The
OLED may comprise further layers, such as an electron
injection layer that is located between the electrolumines-
cence layer and the cathode.
[0242] The OLED the hole injection layer of which has
been prepared using the composition according to the pres-
ent invention can, for example, exhibit any of the following
layer structures (a) to (h):
[0243] (a) anode/
[0244] hole injection layer/
[0245] at least one emitter layer/
[0246] cathode;
[0247] (b) anode/
[0248] hole injection layer/
[0249] hole transport layer/
[0250] at least one emitter layer/
[0251] cathode;
[0252] (c) anode/
[0253] hole injection layer/
[0254] at least one emitter layer/
[0255] electron injection layer/

[0256] cathode;

[0257] (d) anode/
[0258] hole injection layer/
[0259] hole transport layer/
[0260] at least one emitter layer/
[0261] electron injection layer/
[0262] cathode;

[0263] (e) anode/

[0264] hole injection layer/
[0265] at least one emitter layer/
[0266] electron transport layer/

[0267] cathode;

[0268] () anode/
[0269] hole injection layer/
[0270] hole transport layer/
[0271] cathode;
[0272] at least one emitter layer/
[0273] electron transport layer/
[0274] cathode;

[0275] (g) anode/
[0276] hole injection layer/
[0277] at least one emitter layer/
[0278] electron transport layer/
[0279] electron injection layer/
[0280] cathode;

[0281] (h) anode/
[0282] hole injection layer/
[0283] hole transport layer/
[0284] at least one emitter layer/
[0285] electron transport layer/
[0286] electron injection layer/
[0287] cathode.

[0288] The layer structures (a) to (h) can be embodied

either with the anode located next to the substrate, the
substrate being, for example, glass or a transparent plastic
film, or with the cathode located next to the substrate.

[0289] The anode layer is preferably based on indium tin
oxide, indium zinc oxide, fluorine-doped tin oxide, tungsten
trioxide, titanium dioxide, molybdenum trioxide, aluminium
zine oxide, gallium indium zinc oxide, aluminium, silver,



US 2017/0365798 A1l

palladium, copper, gold, platinum, and alloys thereof, for
example silver-palladium-copper and molybdenum-chrome.
[0290] Suitable materials for the emitter layer are conju-
gated polymers such as polyphenylenevinylenes and/or
polyfluorenes, for example, the polyparaphenylenevinylene
derivatives and polyfluorene derivatives described in
WO-A-90/13148, or emitters from the class of low molecu-
lar emitters, also termed “small molecules” in technical
circles, such as aluminium complexes, such as, for example,
tris(8-hydroxyquinolinato)aluminium (Algs), fluorescence
dyes, e.g. quinacridones, or phosphorescent emitters such as,
for example, Ir(ppy);. Further suitable materials for the
emitter layer are described e.g. in DE-A-196 27 071. Par-
ticularly preferred as emitter layer, according to the inven-
tion, is tris(8-hydroxyquinolinato)aluminium (Alqgs).
[0291] Preferred as the injection layer are single Ca layers
or a stack structure consisting of a Ca layer and another
layer, which consists of one or more materials selected from
the group 1A and 1IA metals of the periodic table, excluding
Ca, which exhibit a work function from 1.5 to 3.0 €V, and
oxides, halogenides and carbonates thereof. Examples of
group 1A metals of the periodic table which exhibit a work
function from 1.5 to 3.0 eV, and oxides, halogenides and
carbonates thereof, are lithium, lithium fluoride, sodium
oxide, lithium oxide and lithium carbonate. Examples of
group ITA metals of the periodic table, excluding Ca, which
exhibit a work function from 1.5 to 3.0 eV, and oxides,
halogenides and carbonates thereof, are strontium, magne-
sium oxide, magnesium fluoride, strontium fluoride, barium
fluoride, strontium oxide and magnesium carbonate.
[0292] The electron transport layer can consist of materi-
als such as, for example, oxadiazol derivatives, anthraqui-
nodimethane or derivatives thereof, benzoquinone or deriva-
tives thereof, naphthoquinone or derivatives thereof,
anthraquinone or derivatives thereof, tetracyanoanthraqui-
nodimethane or derivatives thereof, fluorenone derivatives,
diphenyldicyanoethylene or derivatives thereof, diphenoqui-
none derivatives and metal complexes of 8-hydroxyquino-
line or derivatives thereof, polyquinoline or derivatives
thereof, polyquinoxaline or derivatives thereof or polyfluo-
rene or derivatives thereof.

[0293] Particularly suitable materials for the cathode layer
are transparent or translucent materials with a relatively low
work function (preferably lower than 4.0 eV). Examples of
this type of material are metals, such as lithium (L), sodium
(Na), potassium (K), rubidium (Rb), caesium (Cs), Be,
magnesium (Mg), calcium (Ca), strontium (Sr), barium (Ba),
aluminium (Al), scandium (Sc), vanadium (V), Zn, yttrium
(Y), indium (In), cerium (Ce), samarium (Sm), Eu, Tb and
ytterbium (Yb); alloys consisting of two or more of these
metals; alloys consisting of one or more of these metals and
one or more metals selected from Au, Ag, Pt, Cu, manganese
(Mn), titanium (Ti), cobalt (Co), nickel (Ni), wolfram (W)
and tin (Sn); graphite or graphite intercalation compounds;
and metal oxides, such as, for example, ITO and tin oxide.
Particularly preferable is the use of aluminium as the cath-
ode layer.

[0294] The application of the emitter layer, of the electron
injection layer and of the cathode injection layer can be
carried out in a manner known to a person skilled in the art,
preferably through vapour coating such as is described, for
instance, in WO-A-2009/0170244.

[0295] A contribution towards solving the above men-
tioned objects is also made by a conductive layer comprising
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at least one compound according to the present invention.
According to a preferred embodiment of the conductive
layer according to the present invention the conductive layer
further comprises at least one conductive polymer, wherein
those conductive polymers are preferred that have already
been mentioned as preferred conductive polymers I) in
connection with the composition according to the present
invention. In this context it is also preferred that the weight
ratio of the at least one compound according to the present
invention and the at least one conductive polymer (in case of
a polythiophene/(poly )anion complex the weight ratio of the
at least one compound according to the present invention
and the total weight of polythiophene and polyanion) in the
conductive layer is preferably in the range from 1:100 to
100:1, more preferably in the range from 1:10 to 10:1 and
most preferably in the range from 1:5 to 5:1.

[0296] A contribution towards solving the above men-
tioned objects is also made by a an electronic component
comprising a conducting layer obtainable by the process
according to the present invention or comprising a conduc-
tive layer according to the present invention. According to a
preferred embodiment of the electronic component accord-
ing to the present invention this electronic component is an
OLED, a display, an organic solar cell, a hybrid solar cell,
a field effect transistor, or a thermoelectric generator. In case
of an OLED it is furthermore preferred that the hole injec-
tion layer of the OLED is obtainable by the process accord-
ing to the present invention or corresponds to a conductive
layer according to the present invention.

[0297] A contribution towards solving the above men-
tioned objects is also made by the use of at least one
compound according to the present invention as an as an
additive in a hole injection layer of an OLED.

[0298] The invention will now be further illustrated by
means of non-limiting examples.

EXAMPLES
Example 1A

Synthesis of Compound Xa

[0299]
*21L,0
NaO38 I I SO3Na
OH OH
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-continued

Na03$ SO;Na

[0300] Chromotropic acid disodium salt (2.00 g, 0.005
mol), potassium carbonate (2.76 g, 0.005 mol), decafluoro-
bipheny! (8.35 g, 0.025 mol) and 50 ml of DMSO were
stirred under heating at 120-130° C. during 40 hours. The
reaction was controlled by 'H-NMR spectroscopy. After
completion of the reaction it was cooled down to room
temperature and filtered from the solid, containing the rest of
K,CO; and the by-product KF. DMSO from the filtrate was
evaporated under vacuum (1 mbar) and excess of decafluo-
robiphenyl was sublimed. 20 mL of water were added to the
residue and the product was precipitated as a white solid,
which was filtered and washed with cold water. The filter
cake was dried under vacuum to give 2.27 g of the pure
compound Xa, which correspond to the isolated yield of
69%.

[0301] 'H NMR (300 MHz, DMSO-d6) 8=8.12 (s, 2H),
7.65 (d, 1=15.9 Hz, 2H); *°F NMR (282 MHz, DMSO-d6)
0=-55.6 (m), =59.5 (m), —60.2 (m), =70.0 (m), -78.7 (m),
-82.7 (m).

[0302] Prior to formulation compound Xa was recrystal-
lized. It was dissolved in H,O (solid content 1%) and heated
to 90° C. The hot solution was filtered through a syringe
filter (PVDF, 0.8 um) and concentrated.

Example 1B

Synthesis of Compound Xe

[0303]

Cels

NaO;8 SO;Na
K,CO;
—_—
DMSO
HO OH
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-continued
NaO;8 I SO3Na
(@] (0]

F F F F
F F F F
F F
Xe

[0304] 3.6-Dihydroxynaphthalene-2,7-disulfonic acid
disodium salt was reacted with hexaflourobenzene and
potassium carbonate (1:4:10 mole ratio) in DMF (at con-
centration of 40 g of 3,6-dihydroxynaphthalene-2,7-disulfo-
nic acid disodium salt per 1 L of DMF) at 130° C. The
reaction was controlled by "H-NMR spectroscopy. After 20
h of heating at 120-130° C. the reaction was complete
according to 'H-NMR spectroscopy. The mixture was
cooled to room temperature and filtered from the solid,
containing the rest of K,CO, and the by-product KF. DMSO
and the excess of hexafluorobenzene from the filtrate were
evaporated under vacuum (1 mbar). Water (10 mL per 25 mL
of the initial amount of DMSO) was added to the residue and
the product was precipitated as a white solid, which was
filtered, washed with water and dried under vacuum (1
mbar) to give the first portion of compound Xe. The filtrate
formed was evaporated up to approximately 50% of its
initial volume and cooled overnight in the refrigerator at 4°
C. A new portion of the product was precipitated as a white
solid, which was filtered again, washed with water and dried
in vacuum (1 mbar) to give the second portion of compound
Xe as a white solid. The total vield of compound Xe was
67%.

[0305] "H NMR (300 MHz, DMSO) 8 8.31 (s. 2H), 7.07
(s, 2H); *°F NMR (282 MHz, DMSO) 6=-76.0 (m), -83.0
(m), -84.3 (m).

Example 1C
Synthesis of Compound Xg (Soluble in Organic
Solvents)
[0306]
F
F. F
OH
F F
n
F. F
HO OH
F F
F
K,CO;
DMAc
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-continued
F

F F

F

F l F

=5

[0307] K,CO, (1.1 g, 0.008 mol) and decafluorobiphenyl
(3 g, 0.009 mol) were suspended in dry N,N-dimethylacet-
amide (10 ml) and heated to 100° C. 1,3,5-Trihydroxyben-
zene (0.25 g, 0.002 mol) dissolved in DMAc (10 ml) was
added slowly over a period of 4 h at 92-97° C. After
complete addition the reaction mixture was heated to 120°
C. until TLC confirmed complete consumption of starting
material. The mixture was concentrated and to the residue a
dilute NH,Cl-solution (1 g NH,Cl/20 m]l H,O) was slowly
added. The aqueous phase was extracted 3 times with
MTBE. The combined organic layers were washed with
brine and dried over Na,SO,. After evaporation of solvents
the clear yellow highly viscous oil was purified by column
chromatography over SiO, (eluent: toluene). The product
was isolated as a light yellow highly viscous oil (2.1 g, 0.002
mol, quant.).

[0308] LC-MS (ESI; H,O/MeCN Grad. 0.8 g/ NH4OAc)
M=1068; 'H NMR (400 MHz, CDCl,): 8=6.49.

Example 2

Formulation of a Dispersion of PEDOT:PSS with
Compound Xa

[0309]

Na038 SO;Na

Dec. 21,2017

Example 2A (Solid Content of Compound
Xa=0.7%)

[0310] 042 g of compound Xa were dissolved in 30 g
Clevios P VPAI 4083 (Heraeus Precious Metals GmbH &
Co. KG, 1.5% solid content). 24 g of water were added and
the mixture was stirred for 30 min at room temperature and
then heated (1 h, 40° C.) until all solids were dissolved
completely. The mixture was cooled to room temperature (1
h), 6 g of ethanol were added and the mixture was stirred for
another 30 min. After aging for 3 h the dispersion was
filtered subsequently through 0.8 pm and 0.45 um syringe
filters (PVDF).

Example 2B (Solid Content of Compound
Xa=0.47%)

[0311] 0.28 g of compound Xa were dissolved in 40 g
Clevios P VPAI 4083 (Heraeus Precious Metals GmbH &
Co. KG, 1.5% solid content). 14 g of water were added and
the mixture was stirred for 30 min at room temperature and
then heated (1 h, 40° C.) until all solids were dissolved
completely. The mixture was cooled to room temperature (1
h), 6 g of ethanol were added and the mixture was stirred for
another 30 min. After aging for 3 h the dispersion was
filtered subsequently through 0.8 pm and 0.45 pm syringe
filters (PVDF).

Example 2C (Solid Content of Compound
Xa=0.3%)

[0312] 0.18 g of compound Xa were dissolved in 40 g
Clevios P VPAI 4083 (Heraeus Precious Metals GmbH &
Co. KG, 1.5% solid content). 14 g of water were added and
the mixture was stirred for 30 min at room temperature and
then heated (1 h, 40° C.) until all solids were dissolved
completely. The mixture was cooled to room temperature (1
h), 6 g of ethanol were added and the mixture was stirred for
another 30 min. After aging for 3 h the dispersion was
filtered subsequently through 0.8 pm and 0.45 um syringe
filters (PVDF).

Example 2D (Solid Content of Compound
Xa=1.05%)

[0313] 0.63 g of compound Xa were dissolved in 30 g
Clevios P VPAI 4083 (Heraeus Precious Metals GmbH &
Co. KG, 1.5% solid content). 24 g of water were added and
the mixture was stirred for 30 min at room temperature and
then heated (1 h, 55° C.) until all solids were dissolved
completely. The mixture was cooled to room temperature (1
h), 6 g of ethanol were added and the mixture was stirred for
another 30 min. After aging for 3 h the dispersion was
filtered through a 0.8 pm syringe filter (PVDF). For filtration
through 0.45 um syringe filter 3 h ultrasonic treatment
(Sonorex R1028, Bandelin) was necessary prior to filtration.

Example 3

Fabrication of an OLED with a Conductive Layer
Containing Compound Xa

[0314] The dispersion obtained in Examples 2A-2D was
used 1o construct organic light emitting diodes (OLEDs).
The procedure for producing the OLEDs was as follows:
[0315] 1) Preparation of the Substrate
[0316] ITO-coated glass is cut into pieces 50 mmx50
mm in size (substrates) and is structured with photo
resist into 8 contact lines—each 2 mm in width at their
ends. Thereafter, the substrates are cleaned in 0.3%
strength Mucasol solution in an ultrasound bath, rinsed
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with distilled water and spin-dried in a centrifuge.
Immediately before coating, the ITO-coated sides are
activated for 10 min in a UV/ozone reactor (PR-100,
UVP Inc., Cambridge, GB).
[0317] 1ii) Application of the Hole-Injecting Layer
[0318] About 5 ml of the dispersion according to
Examples 2A-2D are filtered (Millipore HV, 0.45 um).
The cleaned ITO-coated substrate is laid on a spin-
coater (Carl Siiss RC8) and the filtered solution is
distributed on the ITO-coated side of the substrate. The
excess solution is then spun off by rotating the plate for
30 sec. The spin-speed was adjusted to obtain always a
layer thickness of 50 nm (dried film) determined with
a stylus profilometer (Dektak 150, Bruker). Thereafter,
the substrate coated in this way is dried on a hotplate at
200° C. for 5 min.
[0319] 1i)) Application of the Hole Transport and the
Emitter Layer
[0320] The ITO substrates coated with the dispersion
from Examples 2A-2D are transferred into a vapor
deposition unit (Univex 350, Leybold). Under a pres-
sure below 107> Pa, first 60 nm of a hole transport layer
of NPB (N,N"-bis(naphthalen-1-y1)-N,N'-bis(phenyl)-
benzidine) and then 50 nm of an emitter layer of A1Q3
(tris-(8-hydroxyquinoline)-aluminium) are vapor-de-
posited in succession at a vapor deposition rate of 1
sec.
[0321] iv) Application of the Metal Cathode
[0322] The layer system is then transferred into a glove
box with an N, atmosphere and an integrated vapor
deposition unit (Auto306 Vacuum Coater, Edwards),
and metal electrodes are vapor-deposited. For this, the
substrate is laid on a shadow mask with the layer
system downwards. The shadow mask comprised rect-
angular slots of 2 mm width which intersected the ITO
strips and are orientated perpendicular to these. A 0.5
nm thick LiF layer and then a 200 nm thick Al layer are
vapor-deposited successively from two vapor deposi-
tion boats under a pressure of p<=10~> Pa. The vapor
deposition rates were 1 A/s for LiF and 10 A/s for Al
The area of the individual OLEDs is 4.0 mm?.
[0323] v) Layer Stack Overview

Example 3A

ITO//Formulation from Example 2A (50
nm)//NPBNALQ/LiF//Al

Example 3B

ITO//Formulation from Example 2B (50
nm)//NPBNALQ//LiF//Al

Example 3C

ITO//Formulation from Example 2C (50
nm)/NPBNALQ//LiF//Al

Example 3D

ITO//Formulation from Example 2D (50
nm)/NPBNALQ//LIF//Al

[0324] vi) Characterization of the OLED
[0325] The two electrodes of the organic LED are
connected (contacted) to a source/measuring unit
(Keithley 2400) via electrical leads. The positive pole
is connected to the ITO electrode and the negative pole
1s connected to the metal electrode. The dependency of
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the OLED current and the electroluminescence inten-
sity (detection is with a photodiode (EG&G
C30809E)+electrometer (Keithley 6415)) on the volt-
age is plotted. The lifetime of the OLED-device is then
determined by allowing a constant current of 1=3.84
mA to flow through the arrangement and monitoring
the voltage and light intensity as a function of time.

[0326] The characteristic Data for the OLEDs is sum-
marized in table 1.

Comparative Example 4

Fabrication of an OLED not Containing Compound
Xa

[0327] The procedure is the same as in Example 3, with
the difference that in the second process step Clevios P VP
AJ4083 (Heraeus Precious Metals GmbH & Co. KG),
regarded as standard in OLED construction, was used solely
as the interlayer instead of the dispersions according to the
invention from example 2A-2D. Clevios© P VP A14083 was
deposited according to Example 3. The film thickness was
50 nm.

[0328] The characteristic Data for the OLEDs is summa-
rized in table 1.
[0329] Layer Stack:

Comparative Example 4

ITO//Clevios P VP A14083 (50
nm)//NPB//ALQ//LiF//Al
Example 5
Determination of Resistivity

[0330] The resistivity of Clevios™ films is determined by

measuring the film’s sheet resistance and its layer thickness.
The films are prepared by depositing 1-2 ml of the polymer
dispersion on a 50 mmx50 mm glass-substrate. Prior depo-
sition the glass-substrate of 1 mm thickness is thoroughly
cleaned in 0.3% strength Mucasol solution in an ultrasound
bath, rinsed with distilled water and spin-dried in a centri-
fuge. As a final step the surface to be coated on is activated
by UV/Ozone exposure (PR-100UV/Ozone UVP, Cam-
bridge, GB) for 15 min. Next the glass-substrate is placed in
a chuck of a spin-coater (Carl Siiss RC8). The overlaying
dispersion is removed by rotating the glass-plate at 1000
rpm for 30 sec. A thin uniform film is obtained. The film is
conveyed to a heat-plate set to 130° C. and left there for 5
min to dry.

[0331] 1In a next step the film is covered with a shadow
mask. The mask is made of a 100 um-thick steel-sheet of
size 50 mmx50 mm exhibiting 6 parallel slits machined in
the centre (Length L: 25.0 mm, width b: 3.0 mm, slit-
separation: a=500 pm). The mask is held by a magnet from
the backside of the coated substrate. The substrate is
mounted in a vacuum-evaporator with electro-thermally
heated boats for Ag-evaporation (Univex 350, Leybold). The
vessel is evacuated to a pressure of 6x107*° Pa. When this
pressure is reached, Ag is thermally evaporated at a rate of
20 Ajsec until a final electrode-thickness of 2000 A is
reached.

[0332] The resistance R between adjacent Ag-electrodes is
measured with an electrometer (Keithley 616) in a home-
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built set-up in which the sample is mounted in a vacuum
chamber and Au-contact pins are pressed on the Ag-elec-
trodes.

[0333] The film’s thickness d is determined by scratching
the film off the substrate with a razor blade and scanning the
stylus of a mechanical profilometer (Dektak 150, Bruker)
across the scratch.

[0334] Finally the resistivity “ro” is calculated my multi-
plying the sheet resistance with the layer thickness accord-
ing to ro=RxL/bxd.

[0335] The resistivities of films made of dispersions
according to Example 2A-2D are shown in table 1.

Example 6

Comparison of the OLEDs from Examples 3 and 4

[0336] The graphs plotting current and electrolumines-
cence against voltage and the lifetime measurements for the
OLEDs from Examples 3 and 4 were compared.

TABLE 1
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2. The compound according to claim 1, wherein the
functional group is selected from the group consisting of

1) —SO,M, wherein M is selected from the group con-
sisting of H*, N*, K*, Li*, NH,*, Ca®* and Mg™*,

il) —OSO;M, wherein M is selected from the group
consisting of H*, Na*, K*, Li*, NH,*, Ca** and Mg**,

iil) —CO,M, wherein M is selected from the group
consisting of H*, Na*, K*, Li*, NH,*, Ca** and Mg?*,

iv) an ammonium group selected from the group consist-
ing of —N(CH;),", —N(CH,CHy),", —N(C3H,),",
—N(C,H,),", and —N(CsH,,).", and

v) an alkyl group selected from the group consisting of
4CH33 4CEH53 —C3H7, 7C4H9: 4CSH113 4CGH133
—C;Hys, —CgHy7 —CoHyp. —CyoHy . —Cy Hps and
4CI2H25'

3. The compound according to claim 1, wherein R' is

selected from the group consisting of —CH,, —C,H,,
—C;H, and —C,H,,

OLED-characteristics from Examples 3 and 4 wherein the values were normalized to

the comparative example 4.

IVL-Characteristics at

specific U=50V Lifetime @ I = 48 mA/cm’
resistance I L Efficiency U(t=0) L{t=0) t(80%) t(50%)

(Ohm x cm) (mA/em®) (cd/m?)  (cd/A) (Volt) (cd/m?) (h) (h)
Ex. 3A 0.13 148 1.58 1.05 0.90 1.01 22 2.6
Ex. 3B 0.11 1.33 1.24 0.93 0.95 0.93 279 2.94
Ex. 3C 0.1 13 1.34 1.03 0.90 0.92 22 2.18
Ex. 3D 0.1 15 172 114 0.89 1.01 1.8 2.57
Comp. Ex. 4 1 1 1 1 1 1 1 1
(AT4083)
[0337] A significant increase of lifetime compared to the 4. The compound according to claim 1, wherein K is a

standard (Comparative Example 4) can be observed for all
Examples 3A-3D.

1. A compound of formula Ia or and Ib

b

m

wherein

each K is, independently, an aromatic or heteroaromatic
group wherein at least one hydrogen atom may be
substituted by a functional group selected from the
group consisting of a sulfonic acid group, a sulfuric
acid group, an ammonium group and an aliphatic
group;

each X is, independently, selected from the group con-
sisting of a C—Cbond, O, S, SO, and NR', wherein R’
represents hydrogen, an aliphatic group or aromatic
group;

each A is, independently, a fluorinated aromatic group;

n is an integer in the range from 2 to 6; and

m is an integer in the range from 1 to 3.

monocyclic aromatic or heteroaromatic group and wherein
the structural subunit Ia' of formula Ia or the structural
subunit Ib' of formula Ib

K—X],

X
K
X

have a general structure selected from the group consist-
ing of general formulae Ila to Ik (for a monocyclic
aromatic group K) or from the group consisting of
general formula II1 to IIx (for a monocyclic heteroaro-
matic group K):

Ib'

m

Ila
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IIx

wherein

Y is S, O or NR", wherein R" is hydrogen atom or an
aliphatic group with 1 to 20 carbon atoms,

R is selected from the group consisting of H, —SO;M,
—0S0,M, —CO,M, —N(CH,),", —N(CH,CH,),*,
7N(C3H7)4+5 7N(C4H9)4+5 7N(C5Hll)4+5 4CH35
4CzH5= —C3H7, —C4H9, *CSHlls 4C6H13!
_C7H155 _C8H175 _C9H195 _CIOHZD _C11H235
and —C,H,5, wherein M is selected from the group
consisting of H*, Na*, K*, Li*, NH,*, Ca** and Mg>*;
and

the dotted line indicates the bond to A.

Dec. 21,2017

5. The compound according to claim 4, wherein X is O
and wherein the following combinations for substituent R
per entity K are fulfilled:

1) nis 2 and K is substituted by 1 —SO,M group and 3
H groups, or by 2 —SO,M group and 2 H groups,

or

ii) n is 3 and K is substituted by 3 H groups or by 3
—SO;M groups,

wherein each occurrence of M is independently selected
from the group consisting of H*, Na*, K*, Li*, NH,",
Ca** and Mg™*.

6. The compound according to claim 1, wherein K is a
bicyclic aromatic or heteroaromatic group, n is 2 and
wherein the structural subunit Ia' of formula Ia or the
structural subunit Ib' of formula Ib

b’

have a general structure selected from the group consist-
ing of general formulae IITa to IIIj (for a bicyclic
aromatic group K) or from the group consisting of
general formula 11Tk to IITu (for a bicyclic heteroaro-
matic group K):

1Ila

X X
R R
R R
R R
I
: R R
% R
R R
X R
Mo
: R R
X R
Ty R
R R
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-continued -continued
I Ik
R X : X’
R X
N
P
R R N X..
R R
IMe
R R .
i I
R X <
R R X Y
I ;
. R X~ '
' IlIm
X R X
N
R R
Z
R R N
111
- - ¢ X b
R X -
R 2 IIn
X
“x R X
R R P
N
I
X R X
R R Illo
X
R R . N
X Z
X R
lp
i )
R R
R R
oy X
R R i
10Ij Il
X R
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wherein

Yis S, O or NR", wherein R" is hydrogen or an aliphatic
group with 1 to 20 carbon atoms,

R is selected from the group consisting of H, —SO;M,
—0S0,M, —CO,M, —N(CH,),", —N(CH,CH,),*,
7N(C3H7)4+> 7N(C4H9)4+> 7N(C5H11)4+> 4CH3>
4C2H5: 4CSH75 4C4H95 7C5H115 4C6H13s
—CH,5, —C9H19, —Ciotls *Cn.Hz.ss and
—C,,H,s, wherein each occurrence of M is indepen-
dently selected from the group consisting of H*, Na™,
K*, Li*, NH,*" , Ca** and Mg**; and

the dotted line indicates the bond to A.

7. The compound according to claim 6, wherein X is O
and wherein the following combinations for substituent R
per entity K are fulfilled:

K is substituted by 2 —SO;M groups and 4 H groups,

or

K is substituted by 3 —SO;M groups and 3 H groups,

wherein each occurrence of M is independently selected
from the group consisting of H*, Na*, K*, Li*, NH,*,
Ca** and Mg".

8. The compound according to claim 1, wherein K is a

bicyclic aromatic or heteroaromatic group, n is 3 and

wherein the structural subunit Ia' of formula Ia or the
structural subunit Ib' of formula Ib

Ta'

KXl

40
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-continued
X
K
X

have a general structure selected from the group consist-
ing of general formulae IVa to IVI (for a bicyclic
aromatic group K) or from the group consisting of
general formula IVm and IVn (for a bicyclic heteroaro-
matic group K):

b’

m

IVa
X7 R
"X R
X R
R R
Vb
: X R
X R
R R
X R
Ve
: X R
X R
R R
R X..
vd
: X R
X R
R X
R R i
IVe
R R
X R
X R
R X,
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R R
X R
~‘X X‘t
R R
Ivg
: R X
X R
X R
i R R
IVh
X R
R R
X R
R X..
Vi
X7 R ;
X X
R R
R R
IVj
R o
X R
R R
R R
IVk
X7 X
R R
X R
; R R
vl

:x"wi
oo =
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-continued
IVm
X
AN
F
X N
X
IVn
X X
AN
Va
N

wherein R is selected from the group consisting of H,
—SO;M, —08SO,M, —CO,M, —N(CH,),",
7N(CH2CH3)4+> 7N(C3H7)4+> 7N(C4H9)4+>
7N(C5H11)4+s 7CH35 7C’2H55 4C3H75 7C4H9s
4CSH115 7C6H135 4C7H155 7C8H175 4C9H195
—C,Hy;, —C,H,5, and —C,,H,5, wherein each
occurrence of M is independently selected from the
group consisting of H*, Na*, K*, Li*, NH,*, Ca** and
Mg™*; and the dotted line indicates the bond to A.

9. The compound according to claim 1, wherein K is a

bicyclic aromatic or heteroaromatic group, n is 4 and

wherein the structural subunit Ia' of formula Ia or the
structural subunit Ib' of formula Ib

I’

have a general structure selected from the group consist-
ing of general formulae Va to Vi:

><_...
=]

---x
=

Vb
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-continued -continued
, Ve
X7 R :
X % . Vi
- : X7 R
X R
X R
R R
R R
X, X
, vd v
X7 R
X R wherein R is selected from the group consisting of H,
—SO;M, —0SO;M, —CO,M, —N(CH,).,",
N —N(CH,CHy),",  —N(GHp)," —N(CHo),",
X X —N(GH,,),", —CH,, —CHs, —CH;, —CH,,
: —CsHy,, —CgHy5, —CHys, —CgHyy, —CHy,
R R ' —C,oH,1, —C1 1 Hys, and C, ,H, 5, wherein each occur-
rence of M is independently selected from the group
consisting of H*, Na*, K*, Li*, NH,*, Ca®* and Mg**;
Ve and

' xR the dotted line indicates the bond to A.

b R 10. The compound according to claim 1, wherein K is a
bicyclic aromatic or heteroaromatic group, n is 5 and
wherein the structural subunit Ia' of formula Ia or the

X R structural subunit Ib' of formula Ib

: R X

I’
K—+X],
. 3 Vi Y
" ox7 ix
K
X R Xla
R R have a general structure selected from the group consist-
ing of general formulae Vla to Vle:
X R
Ve ) ) Via
! X R X," X,"
X X X R
R R ).( R
X., R 5 X R
Vh Vb

= bd----
= =

-.-_>< ><--__
= >
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_continued have a general structure selected from the group consist-
. 3 Vle ing of general formulae Vlla to VIIj:
N~)< X" :
X X
s Vila
X R : R R :
R R % %
- X X
' X" X ! !
: ' X X.. '
X R - -
. 3 Vilb
~\X Xf‘ :
X X i
: : R X
1 R R 1
oy X
Vie :
R X. -
' X X N
% R . . Ve
X X
R X
)I( R
i R X..
- R X
X X,
. VIld
wherein R is selected from the group consisting of H, . " R
—S0,M, —0SO;M, —CO,M, —N(CH,),",
7N(CH2CH3)4+5 7N(C3H7)4+5 7N(C4H9)4+5 X R
7N(C5H11)4+s 7CH33 7C2H53 4C3H7! 7C4H93
_CSHID _C6H13’ _C7H155 _CSH.175 _C9H195 ad
—C,H,,,—C,,H,; and C,,H,, wherein each occur- X X’
rence of M is independently selected from the group ; ! X
consisting of H*, Na*, K*, Li*, NH,*, Ca®* and Mg**; e
ad VIle
the dotted line indicates the bond to A. X’/\‘X
11. The compound according to claim 1, wherein K is a
bicyclic aromatic or heteroaromatic group, n is 6 and X R
wherein the structural subunit la' of formula Ia or the -
structural subunit Ib' of formula Ib
R X
¢’X X‘~ :
VIIF
I .

K—X],

Ib' .

i
————d -
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_continued aromatic group K) or have the general formula VIIIs to
. Vllg VIIIu (for a tricyclic heteroaromatic group K):
pX R !
X X Villa
X R
R X R
X X :
. VIIh R
: RX X R
X X,
* VIIIb
X X R R
’ R X R
. . VII
CX .
= | X X
X X : :
1 R R 1
R R
. VIIe
X X R X
VIIj R
' R X
X X,
R
R R
X X
PX R
- R VIIId
X7 X
wherein R is selected from the group consisting of H,
—SO,M, —0SO;M, —CO,M, —N(CH,),", R
N, —NGH)L —N(Cl),"
7N(C5H11)4 3 7CH35 7C2H55 4CSH7’ 7C4H95
4CSH115 7C6H13a 4C7H155 7C8H17s 4CQH195 R
—C,H,,, —C,;H,; and C ,H,, wherein each occur- 2 R
rence of M is independently selected from the group VII
consisting of H*, Na*, K*, Li*, NH,*, Ca®* and Mg™*; ¢
and R R
the dotted line indicates the bond to A. R
12. The compound according to claim 1, wherein K is a
tricyclic aromatic or heteroaromatic group and wherein the
structural subunit Ia' of formula Ia or the structural subunit R
Ib' of formula Ib
R X..
VIIF
Ta/ .
K—X], R X
v’

have a general structure selected from the group consist-
ing of general formulae VIIla to VIIIr (for a tricyclic
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-continued

-continued

Vilig VIIn

R X~

pros:

VIIIh

Sl

VIllo

]

R
e

R
R
R

VIIIi

R

R
R
R
R R
R R
R R
R R
R 6 R
VIIIp

R K X-nn-

VIIj

VIIk v
R R Tl
R 6 R
R R X R
VIl
R R
VIIIr
R R
: R R X
. ; :
\ / X R
X X
R R K R R R
VIIIm R R R
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-continued -continued
VIIIt
X===-
O . IXd
F -
Y
—x F F
VIIIu F F
F F
Y X--es
F
—---X
Xe
wherein R is selected from the group consisting of H,
—SO,M, —0SO;M, —CO,M, —N(CH,),",
N, —NGH)L —N(Cl),"
7N(C5H11)4 3 7CH35 7C2H55 4CSH7’ 7C4H95
4CSH115 7C6H13a 4C7H155 7C8H17s 4CQH195
—C,H,,,—C,;H,; and C ,H,, wherein each occur-
rence of M is independently selected from the group
consisting of H*, Na*, K*, Li*, NH,*, Ca®* and Mg™*;
and
the dotted line indicates the bond to A, :
13. The compound according to claim 1, wherein A has a ' _—
general structure selected from the group consisting of F F
general formulae [Xa to IXo:
F
. Xa
. F F
F F
F F
Xg
F F
F
, IXb
F e
IXh
F F
IXe
F. F
IXi
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-continued

F : F
F F
3
F
F
F F
F ; F
F: % :F
N
F ; F
F F
F
F F
F : F
F [
?/\\N
N

F

e

F F
F F
F

wherein the dotted line indicates the bond to X.
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14. The compound according to claim 1, wherein the
IXj compound has a general structure selected from the group
consisting of general formulae Xa to Xg, or a salt thereof:

Xa
0
H—O\g Q _O0—H
=
0 \
\o
IXk
IXIl
Xb
0
Xm 40
HO—S 2
F HO
IXn
Xec
0 OH
g g
P
Xo o// N0
oH 0
0 0
F F
F F
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-continued
Xd
0 0
H—O\Q g _o—H
o? X0
0 0
F F F F
F ] F F l F
F F F F
F l F F l F
F F
Xe
0 0
H—O\! ! _O—H
o? o
0 0
F F F F
F F F F
F F
Xt
0 OH
g g
Z X
o?] o
OH o]
F F
F 6] 0 F
F F F F
F F
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-continued
Xg

F
F I F
0]

15. A composition comprising

I) at least one conductive polymer,

1I) at least one solvent and

1II) at least one compound according to claim 1.

16. The composition according to claim 15, wherein the
conductive polymer comprises a polythiophene.

17. The composition according to claim 15, wherein the
solvent is water, an organic solvent selected from the group
consisting of alcohols, aliphatic hydrocarbons, aromatic
hydrocarbons, ethers, halogenated hydrocarbons, aliphatic
nitriles, aliphatic carboxylic acids, aliphatic carboxylic acid
and ketones, or a mixture of at least two of these solvents.

18. A process for the preparation of a conductive layer,
comprising the process steps:

(P1) superimposing a substrate with the composition

according to claim 15; and

(P2) at least partially removing the solvent.

19. A conductive layer comprising at least one compound
according to claim 1.

20. An electronic component comprising a conducting
layer obtainable obtained by the process according to claim
18.

21. The electronic component according to claim 20,
wherein the electronic component is an OLED, a display, an
organic solar cell, a hybrid solar cell, a field effect transistor,
or a thermoelectric generator.

22. An organic solar cell comprising a hole-injection
layer, wherein an additive in in the hole-injection layer
comprises a compound according to claim 1.

23. An OLED comprising a hole-injection layer, wherein
an additive in the hole-injection layer comprises a com-
pound according to claim 1.

24. An electronic component comprising a conductive
layer according to claim 19.

25. A process for the preparation of a conductive layer,
comprising the process steps:

(P1) superimposing a substrate with a composition com-

prising a solvent and a compound of formula Ia or Ib
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m

wherein

each K is, independently, an aromatic or heteroaromatic
group wherein at least one hydrogen atom may be
substituted by a functional group selected from the
group consisting of a sulfonic acid group, a sulfuric
acid group, an ammonium group and an aliphatic
group;,

each X is, independently, selected from the group con-
sisting of a C—Cbond, O, S, SO, and NR', wherein R’
represents hydrogen, an aliphatic group or aromatic
group;

each A is, independently, a fluorinated aromatic group;

n is an integer in the range from 2 to 6; and

m is an integer in the range from 1 to 3;

(P2) at least partially removing the solvent;

(P3) superimposing the substrate with a composition
according to claim 15, or with a composition compris-
ing a solvent and a conductive polymer; and

(P4) at least partially removing the solvent.

26. A process for the preparation of a conductive layer,

comprising the process steps:

(P1) superimposing a substrate with a composition com-
prising a solvent and a conductive polymer,
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(P2) at least partially removing the solvent;

(P3) superimposing the substrate with the composition
according to claim 15, or with a composition compris-
ing a solvent and a compound of formula Ia or Ib

Ib

wherein

each K is, independently, an aromatic or heteroaromatic
group wherein at least one hydrogen atom may be
substituted by a functional group selected from the
group consisting of a sulfonic acid group, a sulfuric
acid group, an ammonium group and an aliphatic
group;

each X is, independently, selected from the group con-
sisting of a C—C bond, O, S, SO, and NR', wherein R’
represents hydrogen, an aliphatic group or aromatic
group,

each A is, independently, a fluorinated aromatic group;

n is an integer in the range from 2 to 6; and

m is an integer in the range from 1 to 3; and

(P4) at least partially removing the solvent.
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