S A COPOLYMER
to*a new group of |n¢r1n5|

ENTION  The i'nvention rel ates
al |y conductive alternating

£l FCTRI CALLY CONDbCT_l VE AM@RMTLS ﬁPLWER AND NETHOD OF PREPARI W75 ws

copol yners.

The i nvent i 0

to a nmet hod of preparing

PHN 1'3 965 " '. ' ' 11-09-1992
Electncally conductlve alternatmg copolymer and method of prepanng such a
copolymer. REPLACED SHEETS  SG |
' WM Description : paged: ' to paged .J .......
W Claim(s) s paged M. to paged .. W.....

' Eﬂ BDrawing(s) : paged 'Is to paged . 3é....
5'LW bl mt :paged .. B 10 paged T :
DATE & R“(‘EEP‘]

Tar vmamomtin, oo - st

_ The invention relates to a new group of intrinsically electrically
conductive alternating copolymers. '
- The invention also relates to a method of preparing such polymers.
The invention further relates to the application of such copolymers.
Organic polymers are generally electrical i_nsulafprs and therefore they are

used as insulating material in electrical and electronic components. It is known that the

polymer obtains electrically conductive properties if it contains a poly-conjugated bond
system of, for example, double bonds, triple bonds, aromatic or hetero-aromatic rings.
Said conductivity is termed intrinsic conductivity. Examples of such polymers are

- polyacetylene, polythiophene and pqupyrrol'e. In general, the conductivity of these

polymers is low because these polymers are semiconductors having a relatively large
band gap of 1.5-4 eV. The conductivity can be increased by (electfo)chemically '
oxidizing or reducing the polymer. Said oxidation or reduction treatment is termed
doping. By oxidation p-type conductors are formed; by reduction n-type conductors are
formed. In the oxidation or reduction treatment, charge carriers are formed on the

| polyﬁxer chains, which charges are compensated for by oppositely charged counterions.

The expression "alternating copolymer” is to be understood to mean a polymer which is

_composed of two different monomers which are aitema_tely incorporated in the polymer

chain. In general, polymers are cheap and can be readily processed, so that it is
attractive to use conductive polymers in conductive and semiconductive structures in

. (integrated) electronic circuits, electrodes for batteries, antistatic coatings and

electromagnetic protective layers.
' A conductive alternating copolymer is known from an article by J.

~ Kowalik et al., Synthetic Metals, 41-43 (1991) 435-438. In said article, a description is

given of a semiconductive alternating copolymer on the basis of benzoquinone and
pyrrole which are reacted to form poly(2-pyrroly1—1,4—benzoquin9ne). The polymer
obtained is p-type semiconductive and "disordered” and is produced by oxidative
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oxi di zi ng or r efemt) ngmely p-chloranil, during the polymerization reaction, which causes the polymer
~ obtained to be doped and p-type conductive. It is impossible or very difficult to obtain
the undoped, i.e. intrinsically conductive polymer, from said polymer. A further )
disadvantage is the "disordered" polymer structure which adversely affects the
conductivity. . | | |
It is an object of the invention to provide, inter alia, a new gi'oup 6f
 electrically (semi)conductive alternating copolymers which have a band gap of
maximally 1.5 eV and which can be o_Btained by means of a simple condensation
polymerization (polycondensation) process which, in addition, initially yields an
undoped copolymer. - '
A furthef object of the invention is to provide a method of preparing such
copoiymers without using an oxidizing agent. _ '

. According to the invention, this object is achieved by an alternating
copolymer which is characterized in that the (semi)conductive copolymer can be
obtained by reacting an acceptor monomer unit A having an unsaturated ring structure
which is substituted with at least two double-bonded oxygen atoms and at least one

~ hydroxy group, with a donor monomer unit D formed by a homo or heterocyclic
aromatic compound comprising at least two active hydrogen atoms, a polycondensation
reaction taking place in the presence of a solvent, thereby fonning said alternating
(sen\i)conducﬁve copolymer. The 'term "acceptor” is to be understood to mean a unit
‘which is capable of accepting a negative charge, and the term "donor" is to be
understood to mean a unit which is capable of donating a negative charge. In this

' éonnection, the expression "active hydrogen atom" is to be understood to mean a
hydrogen atom which can be mdily separated from the monomer during the
polycond'ensation reaction. Examples of donor monomer units D comprising at least two

| active hydrogen atoms are given below. By virtue of the polycondensation reaétipn a
strictly alternating and ordered structure of acceptors and donors ... ADADADA... is
obtained, the choice of the monomer units A and D resulting in the formation of a poly-
conj'ugated bond system. The polymers obtained have a smail to very small band gap,

" which leads to a substantial increase of the intrinsic conductivity. Said intrinsic
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 cyclobutene-1, 2-d10ne, see formula I of Fig. 1), croconic acid (4 S-dihydroxy-4-

cyclopentene-1,2,3-trione; see formula II of Fig. 1) and 5 6~d1hydroxy-5-cyclohexene-
1 2,3,4-tetraone (see formula I of Fig. 1). :
Suitable donor monomer units D are compounds having (5-6-5) or
| (6-6-6) heterocyclic ring systems which are, for example, used in dye chemistry. A few
examples thereof can be found in J. Fabian et al., "Light Absorption of Organic
Colorants®, Springer Verlag, Berlin, 1980, page 189. In said publication, these
compounds are used to prepare biscyanine dyes. The general class of said suitable donor
monomers D is shown in formulae IVA and IVB and VA, VB and VC in Fig. 2. In said
Figure, X, represents an -NR- group; X, represents an O-, S- or Se atom or an -NR-,
-CR=CH-, -CHR-CH, or -C(alkyl)z-group and X; represents a -CR= or -N= group.
In said F1gure, X; may also represent an S- or O-atom where X, represents an S-atom
or a -CR=CH- group and X; has the above-mentioned meaning. R represents an
H-atom or an'alkyl or alkoxy substituent having 1-18 C-atoms. These compounds have
an extensive, conjugated structure and two active hydrogen'atoms which react, during
 the polycondensation reaction, with the OH groups of the acceptor monomer units, such
as squaric acid. A few special examples are shown in formulae VI and VII of Fig. 3.
The substituents R, and R; of the benzodihydropyrrole in accordance with
formula VI of Fig. 3 denote a C,-Cys alkyl group such as a methyl, butyl, or octadecyl
group. The substituents R, and R, of the benzodithiazole in accordance with formula VII
of Fig. 3 also denote a C,-Cy, alkyl group such as a methyl, n-heptyl, n-dodecyl or n-
octadecyl group. By virtue of the choice of the substituents R, those skilled in the art
can widely vary the properties of the final copolymér, such as solﬁbility, processibility
‘and conductivity. A special example of a compound in accordance with formula VC of
Fig. 2 is neocuproine (formula VI of Fig. 3).
| Another suitable donor monomer D is azulene (an aromatic 5-7 ring)
which may or may not be substituted with, for example, an alkyl group.
" Other sultable donor monomers D are thiophene ohgomers such as
blthlenyl and terthienyl (formula IX of Fig. 3). The thiophene ring may be substituted
with a group Rs which is a C,-C; alkyl group or a C,-Cy; alkoxy group.
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diamines. The general formula is shown in formula X of Fig. 4. In said formula, A
denotes an aromatic core and Rq and R, denote an H-atom or a C,-Cy, alkyl group. A
. few examples of the aromatic core A are shown in formulae XI, XII, .XIII and XIV of
Fig. 4. In said formulae R; and R, represent an H-atom or a C,-C;; alkyl group; X,
represents a -N= or -CR= group and X, and X, represent an -NH- or an -N(alkyl)-
group or an S-, Se- or O-atom. The alkyl group contains 1-18 carbon atoms. R
represents an H-atom or an alkyl or alkoxy substituent containing 1-18 carbon atoms.
Representatives thereof are, for example, p-phenylene diamine, 3,6-diamino acridine
(formula XV of Fig. 4) and thionine (formula XVI of Fig. 4). The polycondensation
product of diamines and, for example, squaric acid surprisingly gives an electrically
conductive polymer; after all, ihe polymer formed is a polyamide which, as a class, is
known as an insulator. | |
An example of an alternating copolymer in accordance with the invention
is the polycondensation product of squaric acid (formula I of Fig. 1) and the compound
in accordance with formula VI of Fig. 3, where R, and R, represent an n-octadecyl
group (n-CygHj). The polymer formed has formyla XVII of Fig. 5 as the repeating unit.
The squaric acid unit is negatively charged and serves as the charge acceptor. The |
benzo(1,2,4,5)bis(N-octadecyl-2-methyl-3-bis-methyldihydropyrrole) unit is positively
- Charged and Serves' as the eharge donor. The alternating sequence of donor units and
acceptor units in combinaﬁon with an extensive conjugated system gives an intrinsically
conductive "self-doped” polymer. The conductivity of the polymer in accordarice with
formula XVII of Fig. 5 is 3.10° S/cm at room temperature and the band gap is 1.0 V.
The polymer can be readily dissolved in various solvents, such as chlorobenzene.
Instead of 'octadecyl groups, other alkyl groups, such as the methyl, n-heptyl and n-
dodecyl group, can be chosen for R, and R,. In general, the solubility of the polymer in
solvents increases as the length of the alkyl groups increases. .
| Another example of an alternating copolymer in accordance with the |
invention is the polycondensation product of croconic acid (formula II of Fig. 1) and the |
compound in accordance with formula VII of Fig. 3, where R; and R, represent a
methyl group. The polymer formed has formula XVIII of Fig. 5 as the repetitive umt
The croconic acid unit is negatively charged and serves as the charge acceptor. The
benzo(l,2,_4;S)bis(N-methyl?Z-methyltlxiazole) unit is positively charged and serves as -
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In accordance with the invention, squaric acid, croconic acid and 5,6-
 dihydroxy-5-cyclohexene-1,2,3,4-tetraon (formula III of Fig. 1) can also be
copolymerized using neocuproine (formula VIII of Fig. 3), terthienyl (formula IX of
Fig. 3) and 3,6 diamino acridine (formula XV of Fig. 4). Also in this case
polycondensation leads to the formation of electrically conductive alternating '
'- copolymers, the compounds in accordance with formulae VIII, IX and XV serving as
the donor unit in the polymer chains.

The object of providing a method of preparing an alternating copolymer is
achieved in accordance with the invention by a method which is characterized in that
equimolar quantities of bifunctional acceptor monomer units A and bifunctional donor
monomer units D are mixed in a solvent and polymerized by polycondensation, thereby
forming the alternating copolymer comprising repeating unit AD. As the acceptor
monomer unit A a compound having an unsaturated ring structure is used which is
Subsﬁtuted with at least two double-bonded oxygen atoms and at least one'hydroxy
group. As the donor monomer unit D a homo or heterocyclic aromatic compound

~ having at least two active hydrogen atoms is used. Examples of the monomer units A
and D have been mentioned above. The polycondensation reaction is carried out in a
suitable solvent such as propanol, butanol, toluene or dimethyl sulphoxide. |

. In general, the alternating copolymers manufactured in accordance with |
the above method exhibit great thermal stability. In most of said copolymers no change

-can be observed after heating to 300°C in air. Consequently, the sensitivity to oxygen is N
very small, | | S | ' |

The conductivity of the alternating copolymers in accordance with the

~ invention can be increased by means of dopants which are known per se. Dopants -
which are suitable for obtaining p-type conduction are, for example, I,, AsF;, SbF;,
HBF,, perchlorate, sulphonate SO, and FeCl,. With certain copolymers p-doping
causes the absorpuon band to pass to the infrared portion of the spectrum. As a result
| sald copolymers become colourless As sennconducnve polymers are available, circuits
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active hy-
5 used in antxstanc layers or electromagnetic protective layers by dissolving the copolymer

- in question 1n a suitable solvent and, subsequently, providing it on the desired substrate
by means of, for example, spin coatmg . : '
It is noted that in German Patent Apphcauon DE-A-3246319,a
descripﬁon is given of the _preparanon of a copolymer of pyrrole and squaric acid by
‘ 10  anodic oxidation of a solution of sa1d compounds in the presence of a conducting salt.
The polymer obtained is p-doped and aiso contains the anion of the conducting salt as
the counterion. By anodic oxidation, squaric acid is incorporated in the polypyrrole
formed. In this manner no strictly alternating copolymer is formed but a block
~ copolymer which, in addition to a sequence of pyrrole units, comprises squaric acid
15  units, or a homopolymer is formed whiich consists of pyrrole doped with squaric acid.
The invention will be explained in greater detail by means of exemplary
embod1ments and drawings, in which
Fig. 1 represents formulae I, Il and III of monomer units A whlch can be
uséd as acceptor units in alternating copolymers in accordance W1th_ the invention, and
20 ' Fig. 2 represents formulae IV and V of monomer units D which can be

used as donor units in alternating copolymers in accordance with the mvennon, and
Fig. 3 represents formulae VI, VII, VIII and IX of a few special examples
- of monomer units D which can be used as donor units in alternating copolymers in
accordance with the invention, and '
3 Fig. 4representsfonnulanXIXIIXHIXNXVandXVIof
aromatic d.ammes which can be used as donor monomer units D in alternating
- copolymers in accordance with the invention, and
Fig. 5 represents formulae XVII and XVIII of repetitive units of
representauves of electrically conductive altematmg copolymers in acoordance w:th the

t3p invention.
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dripgen atont is to be understood to nmean a hydrogen atom which can be
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The compound in accordance with foﬁnula VI of F1g 3 is prepared using
a benzodipyrrole and stearyl-p-chlorobenzene sulphonate. Said dipyrrole is prepared |
according to the method described in Chemical Abstracts, Vol. 76, 1972, abstract No.
P 72434m, where it is indicated by formula lII The stearyl-p-chlorobenzene sulphonate is
. 10  prepared from p-chlorobenzene sulphonchloride and stearyl alcohol. -
A mixture of 99 grams of stearyl-p-chlorobenzene sulphonate, 18 grams (75 mmol) of
said dipyrrole and 100 ml of chlorobenzéne are heated for three hours at a temperature
of 120°C - 140°C. A quantity of 100 ml of chlorobenzene is added to the pasté formed,
theieby forming a suspension. Said suspension is heated at a temperature of 120°C-
15 1305C for 16 hours and then cooled, after which 200 ml of toluene are added. The
| solid is filtrated by vacuum filtration after which said solid is stirred with 250 ml of
| toluene and then filtered again. The solid obtained is stirred with a mixture of 16 grams |
“l | oi' NaOH, 500 ml of water and 500 ml of toluene for'5 hours after which all of' the
l
|
5
I

solid has dissolved. The liquid layers are separated and the organic layer is washed with
: 20 500 ml of water, after which said layer is dried over Na,SO, and evaporated. The
| - residue is crystalhzed from 500 ml of 96% ethanol thereby forming 13.75 grams (18 48
- mmol) of the desired product VI, i.e. benzodihydropyrrole, where R, = R, = n-C;sH;.

' 25

A mixture of the benzodihydropyrrole in accordance with formula VI
(2.40 grams, 3.23 mmol) which is prepared accordin_g to the above method, squaric
acid (370 mg, 3.25 mmol), 150 ml of n-butanol, 100 mi of toluene and 3 drops of
30 quinoline is reﬂuxéd for 20 hours while rem;iving water by means of azeotropic
distillation. After the mixture has cooled, it is filtered off by suction, after which the
solid is washed with toluene. After drymg at 90°C, the alternating copolymer in

. accordance with formula XVII thus obtained weighs 1. 76 grams.
. This Sheet Has Been Re
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State Physics, Sth ed., John Wiley and Sons, 1976 page 210). The absorptxon spectrum
is measured on a thm layer of the polymer on a glass plate, said polymer being

provided from a solution in chlorobenzene.

Absorption of

10
15 -~ The salt of the compound in accordance with formula VII of Fig. 3 is
 prepared according to the method described in Chemical Abstracts, Vol. 71, 1969,
abstract No. 81344f, where it is indicated by formula III (dlttuazole salt of methyl
sulphate). In this form the compound is used in the polycondensatmn reaction with
croconic acid.
20

A mixture of 324 mg (2.0 mmol) of croconic acid-monohydrate, 945 mg

(2.0 mmol) of the above-mentioned dithiazole salt, 30 ml of n-propanol, 800 mg of
3 pyridine and 30 ml of dimethyl sulphoxide are refluxed for 3 hours. After evaporation a
residue is-obtained which is further concentrated under a vacuum at 100°C to remove
dimethyl sulphoxide. The residue thus obtained is mixed with a mixture of 50 ml of
water and 50 ml 6f toluene for half an hour. Filtration by suction gives 900 nig of the
altemating copolymer in accordance with formula XVIII of Fig. 5. The conductivity at
room temperature is 10° S/cm and 2.5:10° S/cm at 250°C. The band gap is 0.5 eV.
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Berlin, 1980, page 189. In said publication, these com pounds are used to

prepare biscyani ne dyes. The gen- eral class of said suitable donor :

rononers D is shown in fornulae VA and VB and VA, VB and VCin FIG 2. In

said Figure, Xerr] represents an -NR- group; Xerr] represents an O, S

or Se atomor an -NR-, -CR=CH, -CHR-CH err]- or -C(al kyl)[err]-group and

X[err] represen or -N=group. In said FIG X err] may al so

represent an s P Q&@;g%{_ where Xl err] represents an Satomor a - cREP-1992

. group and X3 hag the above-nenti gned nmeaning. R represents an H atomor an
al kyl or al koxyﬁéﬂma@&&w C-atonms. These conpounds have an

extensive, conju- gated structure and two active hydrogen atoms which

react, during the pol ycondensatlon reactlon W th the C]—I groups of the

accept or nononeAltemating cs 85 of smuaric ach 8 ¢y vtk

shown in for- '

; 5 . , _
- In a manner analogous to that described in exemplary embodiment 1, the i
compound is prepared in accordance with formula VI of Fig. 3, where R, = R, = n-
C,H, (n-butyl). In a mahne_r analogous to that of said exemplary embodiment, an
altemaﬁné copolymer is obtained by using squaric acid. The cortductivity of the
10  copolymer formed is 5.10° S/cm. After doping with iodine vapour at a temperature of
© 80°C the conductivity is 102 S/cm. .

. Ex i 4
15

A i lme. ic acid wi h_.i'n

Polycondensation of squaric acid, using p-phenylene diamine in
- cyclohexanol as the solvent, gives an alternating copolymer having a conductivity of 10
0 ¢ s/cm. After doping with iodine vapour the conductivity is 5.10° S/cm. The band gap
] ' of the i:opolymer obtained is 0.4 eV. |

The Table below gives a summary of the results of altémating bopoljmers

~ obtained from the indicated acceptor monomer units A and donor monomer units D.
The conductivity is measured on the undoped copolymer at room temperature.
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ae VI and VIl of FIG 3. The substituents R err] and R[err] of t he
zodi hydropyr- role in accordance with formula VI of FIG 3 denote a
err]-Clerr] alkyl group such as a nethyl, butyl, or octa- decyl group.
substitments Rerr]Jand R err] of the benzodi - :

1 APR 1999 4 thiazole in accordance with
fdrmula VI1 of FIG 3 also denote a C[err]-[err] alkyl group such as a

‘methyl, n-heppN. 130965pdecyl or n-octadecyl g oup. By vi rtue of the¢hiRlaR,

monomer A '| monomer D conductivity | band gap
- copolymer (S/cm)
(V) i
squaric acid VI where R1=_R,=CH3 |
squaric acid | VI where R,=R,=C/H, | 3.10° 1,0
“ squaric acid | VI where Ry=R,=CyyHy 300 1,0
5 [ croconicacid .| VI where R,=R,=CH, 2.10%
squaric acid VII where R,=R,=CH, 5.107
if | croconic acid VII where R,=R,=CH, ' 10°% 0,5
croconic acid | VII where R;=CH, and 104
| “ ' R4=C12H£s |
i “ squaric acid . -neocﬁprqine (ViID) _ 2.107
{10 squaric acid terthienyl (IX) with Ry=H 2.10°
: % _ squaric acid | p-phenylenediamine | 106 _ 0,4
| ll ‘croconic acid p-phenylenediamine | 10°
squaric acid | diamino acridine (XV) | 10
H _ | squaric acid thlonme XVD - 2.10°¢

Alternating copolymers in accordance with the invention are intrinsically
electrically conductive and have a band gap of maximally 1.5 eV. |

-
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of thd substituents R those skilled in the art can widely vary the
propenties of the final copolynmer, such as solu- bility, processibility and
condugtivity. A special exam ple of a conpound in accordance with formul a

VC of FIG 2 is neocuproine (formula VIII of FIG 3). . Another suitable
donor nononer D is azulene (an aromatic 5-7 ring). which may or may not be
substituted with, for exanple, an al kyl group: O her suitable donor

mononers D are thiophene oligoners such as bithienyl and terthienyl

(fornmula | X of BHI. 1R$65 The t hi ophene ring med be substituted with a 91-689997
Rlerr] whichis a (JQerr]-Clerr] alkyl group or a (Jerr]-Cerr] al koxy

group. Anot heCLAIMSs of sui'tabl e donor nononers Dis that of the aromatic -
di am nes. The general formula is shown in fornula X of FIG 4. 'In said
formula, Ar denotes-an aromatic core and Rerr] and R err] denote, an

| LR

{

1. A (semi)conductive copolymer of alternating donor and acceptor monomer
units, characterized in that the (seini)conductive copolymer can be obtained by reacting’
Q an acceptor monomer unit A having an unsaturated ring structure which is substituted

g ~ with at least two double-bonded oxygea atoms and at least one hydroxy group, with a

1

5 donor monomer unit D formed by a homo or heterocyclic aromatic compound
comprising at least two actiVé hydrogen atoms, a polycondensation reaction taking place
in the presence of a solvent, thereby forming said alternating (semi)conductive |
copolyn'ier.
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2. An alternating copolymer as claimed in Claim 1, characterized in that the
10 monomez ﬁnit A is selected from the group formed by. squaric acid, croconic acid and
5,&dihydfpxy-s-cyclohexene-l,2,3,4-teti'aone; ' .
3. An alternating copolymer as claimed in Claim 1, characterized in that the
- monomer unit D is selected from the group formed by
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Ce@]-Cerr] alkyl gro 'of the aromatic core Ar are shown'
in £prrmulae X, X, an glmm mm In said fornulae Rlerr] and R err]
reprgsent an H- at om or . kyl group; X/ err] represents a -N=
or -CR=group and X[err] and X[ err] represent an -NH or an -N(al kyl)-group
or an S-, Se- RENQX9ésn The al kyl group contZins 1-18 carbon atons. ]?139-1992
represents an H-atomor an alkyl or al koxy substituent contai ning 1-11
carbon atoms. Represent atlves t hereof are, for exanple, p-phenylene

di am ne, 3, 6-diam no acLicg ne (formula X'V of F 4) and thionine orrrula
XV of FIG 4). Thg Zfon ensation procw1 m nes and forc'é& B
squaric acid surp singly gives an el ecty'i cal y conductlve | ymar ; after
all, the polyner formed | s a pol yam de ich, &8s a class, i$ kno as an

i nsul ator. n X3t an ‘alter rxat' s

X3 . X3
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[ by Tty
®-
. where:
X,= -NR- and

= Q, §, Se, -NR-, -CR- CH-, -CI-IR-CH, or -C(alkyl)z- where the alkyl group
contains 1-18 C-atoms and .
15  X,= -CR= or -N=, where R is an H-atom or a C,-C,s alkyl or alkoxy group; or
X,='S or O and |
X,= or -CR= CH- and
;= -CR= or -N=, where R has the above—menuoned meaning.
4. ‘An alternating copolymer as claimed in Claim 3, cha.ractenzed in that the
- 20 . monomer unit D is selected from the group formed by

Ry CHy CHy
N7

! _ where R, and R, represent 2.

. . /H C\c‘ o C,-C18 alkyl group;
Vi H25=C\c _ ‘/- 2

. R N : ‘
5 thy gy
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o A \ S\' where R, and R, represent 3
; ' vii H c:C/' @ C‘wl o .C,, alkyl group; C
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dan@e with the invention is the pol ycondensation prod- uct of squaric acid
(forula | of FIG 1) and the com pound in accordance with formula VI of
FIGY 3, where Rlerr] and Rlerr] represent an n-octadecyl group
(n-Qqerr]Herr]). The polynmer formed has formul-a XVI-of FIG 5 as the
repe@ting unit The squaric acid unit is negatlvely char ged and serves as -
t he ctharge ac@®HINd3.965e ben- .13 11 9,1992
zo(1, 2, 4, 5) bi s(N-oct adecyl - 2- net hyl - 3- b| s- net hyl di hy- dropvrrol e) un|

posi |ver charged and serves as the
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Q 5. ~ An alternatirig copolymer as claimed in Claim 4, characterized in that the
10 monomer unit A is croconic acid and thé monomer uhit D corresponds to formula VII,
where R, represents a methyl group and R, represents a dodecyl group.
6. An alternating copolymer as claimed in Claim 1, characterized in that the
monomer unit D is an aromatic dxamme of the general formula '
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20 where R and R-, represent an H-atom or a C;-Cj, alkyl group and A is an aromatic core
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charge.donor. The altering sequence of donor units and acceptor units in
I nation with an extensive - conj ugeted system lves a
i Afrirnsically conducting . in accordance wt ormula XVI of FIG 5 is

- 3.1'0[err] S/cm at room tenperature and the b mm‘LThe pol yner
can be readily dissolved in various sol- v m'ﬁmumﬁu robezene. -

| nst ead of octadecyl groups, other alkyl groups ,¢ stch"as®the net hyI

n- heptyl. and n-dodecyl group, can be chosen for Rl err] and Rerr].

general, the PHNIRBISy. of the polynmer in sbddvents in- creases as thb09-1992

| ength of the al kyl groups increases. - Another exanple of an alternating
copol yner in aherecRy amdRg représent are H-atomndri aaﬁ,ﬂ(h,alkylgmhpmagﬁsa‘ﬂm ~-CR=,

prOQUCt of T on| 'rggrlegen & Iat%mI <|>raE dlsdk%orﬂgoxy group, and
X, and X;= S, O, Se, -NH- or -N (alkyl)- where the alkyl group contains 1 18 C- |
étom’s. : '
5 7. An altemaﬁng copolymer as claimed in Claim 6, characterized in that the
monomer unit D is selected from the group formed by p-phenylehediamine, thionine and
~ 3,6-diamino acridine. .
s A method of preparing an altematmg copolymer in accordance with one
~ of the preceding Claims, in which equimolar quantities of bifunctional accepto_r
10 monomer units A and bifunctional donor monomer units D are mixed in a solvent and
polymerized by polycondensation, thereby forming the'altemaﬁng copolymer comprising
repeating unit AD. | .
9. "~ - The use of an altematmg copolymer as claimed in one of the Claims 1-7,
or obtained by usmg the method as claimed in Claim 9, as a conductor or
15 semiconductor in an electronic circuit.
10. / ' The use of an altematmg copolymer as claimed in one of the Claims.1-7
in an antistatic layer or electromagnetic protective layer. '
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conp und in accordance with fornula VII of FIG 3, where R3 and R4

rept ¢sent “a nethyl group. The poly- ner forned has fornula XVII of FIG 5
as the repeti- tive unit. The croconic acid unit is negatively charged and
servgs as the charge acceptor. The benzo(1, 2, 4, 5-

) bi s¢N- et hyl - 2-net hyl t hi azole) unit is positively charged and serves as

t he g¢harge dog,ﬂn ' sel f doped" pol yner jisn accordance with formy :
of FiG 5 has™a cé%-(?l?étlwty of 10-5 S/cm at I5roomtem perature and 0?9“55

2.5.10-[err] MO[QH‘] C The band gap of this polyner is 0.5 eV and,

hence, this p sem conductive properties. Instead of nethyl

groups, ot her Excirjdallyraondactivecditentatingcopelyapt ahd mettivd of-pieteing! suctagd t he
n- oct adecyl group can be chosen for R3 and R4, In accordance with the
i nventi on, qG ¥M&Ei d, cro- conic acid and
5,6-dihydroxy-5-cyc|ohexene-1,2,3,4-

- Polycondensation of, for example, squaric acid with a
’ benzodihydropyrrole, benzodithiazole, neocuproine, terthienyl or an aromatic diamine
gives a semiconductive alternating copolymer having a small band gap. Itis
altemaﬁvely possible to use croconic acid or 5,6-dihydroxy-5-cyclohexene-1,2,3,4-
S tetraon instead of squanc acid. An altemanng copolymer of croconic acid and a methyl-
~ substituted benzodzthlazole has the following repetititve unit:
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t@raone (fornula Il of FIG 1) can aI so be copplyner- ized using

n cuprome(forrmla VIl of FIQ,ter- thlenyl (formula I X of FIG 3) and
3,p dianmino acridine (fornula XIV of FIG 4)., Also in this case
‘polyconden- sation leads to the formati-on of .electrically conducti ve

al ternating copolyners, the corrpounds in acirdance wth fornulae VI11, IX
and XIV serving as the danor unit in the pol ymer chains. The obj (ft30f
prgviding a nmethod of preparing an alterngting polymer is achieved in

accordance with the invention by a nethod ichls characterized in that
equi nol ar quantities of bifunctional acceptimomer
_ I ' ,
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0
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units A and bifunctional donor nononmer units D are nmixed in a solvent and
pyl ymeri zed by pol ycondensa- tion, thereby formng the alternating
c¢@pol ymer com prising repeating unit AD.: As the acceptor nonomer unit A a
cdnpound havi ng an unsaturated ring structure is used which is substituted
with at | east two doubl e- bonded oxygen atons and at | east one hydrox
- group. As the donor mononer unit D a-honmo or heterocyclic aromatic dy ound
havi ng at |east two active hydro- gen atoms is used. Exanples of the
nmonomer units A and D have been nentioned above. The pol ycondensa- tion
reaction is carried out in a suitable solvent such as propanol, butanol,

t ol uene or .di net hyl sulphOX|de R
A o 0 CHy CH3
N
/N C\ |
C N
/N |
R3
I
oD N S
T HyC=C C=CHj
~N ~
S N
Ry
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i% general, the alternating copolymers manufactured in accordance with the
hbove net hod exhibit great thermal stability. In nost of said copolynmers no
thange can be observed after beating to 300[err] Cin air. Conse- quently,
the sensitivity to oxygen is very small. The conductivity of the
al ternating copol ymers in accordance wi-th the invention can be |23 S?Sed by
reans of dopants which are known. per se. Dopants which are suit / for
obt ani ng p- type conduction are, for exanpl e, I[err], AsF[err], SbF[err],
BBF[err], perchlorahe sulpho- nateyﬁ§ err] and FeCl[err] Wth certain
opolyners p- doping'c e abs tion band to pass to the infrared por-
%gon of the spectrum sul t, SQTd copol yners be- cone col ourl ess. As
skem conducti ve pol yggers are avall- R®7 circuits can be nmanufactured which
can be used in electfonic devices. Al so conductor tracks can be manu-
factured fromthe alternatingfcopol ymer in accordance
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The invention relateé to a new group of intrinsically electrically
conductive alternating copolymers.

The invention also relates to a method of preparing such polymers.

‘The invention further relates to the application of such copolymers.

Organic polymers are generally electrical insulators and therefore they are
used as insulating material in electrical and electronic components. It is known that the
polymer obtains electrically conductive properties if it contains a poly-conjugated bond
system of, for example, double bonds, triple bonds, aromatic or hetero-aromatic rings.
Said conductivity is termed intrinsic conductivity. Examples of such polymers are
polyacetylene, polythiophene and polypyrrole. In general, the conductivity of these
polymers is low because these polymers are semiconductors having a relatively large
band gap of 1.5-4 eV. The conductivity can be increased by (electro)chemically
oxidizing or reducing the polymer. Said oxidation or reduction treatment is termed
doping. By oxidation p-type conductors are formed; by reduction n-type conductors are
formed. In the oxidation or reduction treatment, charge carriers are formed on the
polymer chains, which charges are compensated for by oppos@tely charged counterions.
The expression "alternating copolymer" is to be understood to mean a polymer which is
composed of two different monomers which are alternately incorporated in the polymer
chain. In general, polymers are cheap and can be readily processed, so that it is
attractive to use conductive polymers in conductive and semiconductive structures in
(integrated) electronic circuits, electrodes for batteries, antistatic coatings and
electromagnetic protective layers.

A conductive alternating copolymer is known frdm an article by J.
Kowalik et al., Syntheﬁc Metals, 41-43 (1991) 435-438. In said article, a description is
given of a semiconductive alternating copolymer on the basis of benzoquinone and
pyrrole which are reacted to form poly(2-pyrrolyl-1,4-benzoquinone). The polymer
obtained is p-type semiconductive and "disordered” and is produced by oxidative
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polymerization of pyrrole and benzoquinone. The band gap of the polymer formed is
not mentioned in said article.

A disadvantage of the known method is the presence of an oxidizing
agent, namely p-chloranil, during the polymerization reaction, which causes the polymer
obtained to be doped and p-type conductive. It is impossible or very difficult to obtain
the undoped, i.e. intrinsically conductive polymer, from said polymer. A further
disadvantage is the "disordered” polymer structure which adversely affects the
conductivity.

It is an object of the invention to provide, inter alia, a new group of
electrically (semi)conductive alternating copolymers which have a band gap of
maximaily 1.5 eV and which can be obtained by means of a simple condensation
polymerization (polycondensation) process which, in addition, initially yields an
undoped copolymer. ,

A further object of the invention.is to provide a method of preparing such
copolymers without using an oxidizing agent. _

According to the invention, this object is achieved by an alternating
copolymer which is characterized in that the (semi)conductive copolymer can be
obtained by reacting an acceptor monomer unit A having an unsaturated ring structure
which is substituted with at least two double-bonded oxygen atoms and at least one
hydroxy group, with a donor monomer unit D formed by a homo or heterocyclic _
aromatic compound comprising at least two active hydrogen atoms, a polycondensation
reaction taking place in the presence of a solvent, thereby forming said altematirig
(semi)conductive copolymer. The term "acceptor” is to be understood to mean a unit
which is capable of accepting a negative charge, and the term "donor” is to be
understood to mean a unit which is capable of donating a negative charge. In this
connection, the expression "active hydrogen atom" is to be understood to mean a
hydrogen atom which can be readily separated from the monomer during the
polycondensation reaction. Examples of donor monomer units D comprising at least two
active hydrogen atoms are given below. By virtue of the polycondensation reaction a
strictly alternating and ordered structure of acceptors and donors ...ADADADA... is
obtained, the choice of the monomer units A and D resulting in the formation of a poly-
conjugated bond system. The polymers obtained have a small to very small band gap,
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XVI'1 of redppdratuté.ve units of representatives of electrically conducdive:

Suitable acceptor monomer units A are squaric acid (3,4-dihydroxy-3-
cyclobutene-1,2-dione; see formula I of Fig. 1), croconic acid (4,5-dihydroxy-4-
cyclopentene-1,2,3-trione; see formula II of Fig. 1) and 5,6-dihydroxy-5-cyclohexene-
1,2,3,4-tetraone (see formula III of Fig. 1).

Suitable donor monomer units D are compounds having (5-6-5) or (6-6-
6)heterocyclic ring systems which are, for example, used in dye chemistry. A few
examples thereof can be found in J. Fabian et al., "Light Absorption of Organic
Colorants", Springer Verlag, Berlin, 1980, page 189. In said publication, these
compounds are used to prepare biscyanine dyes. The general class of said suitable donor
monomers D is shown in formulae IVA and IVB and VA, VB and VC in Fig. 2. In said
Figure, X, represents an -NR- group; X, represents an O-, S- or Se atom or an -NR-, -
CR== CH-, -CHR-CH,~ or -C(alkyl),-group and X; represents a -CR= or -N=
group. In said Figure, X; may also represent an S- or O-atom, where X, represents an
S-atom or a -CR== CH- group and X; has the above-mentioned meaning. R represents
an H-atom or an alkyl or alkoxy substituent having 1-18 C-atoms. These compounds
have an extensive, conjugated structure and two active hydrogen atoms which react,
during the polycondensation reaction, with the OH groups of the acceptor monomer
units, such as squaric acid. A few special examples are shown in formulae VI and VII
of Fig. 3. N

The substituents R, and R, of the benzodihydropyrrole in accordance with
formula VI of Fig. 3 denote a C;-C;; alkyl group such as a methyl, butyl, or octadecyl
group. The substituents R; and R, of the benzodithiazole in accordance with formula
VII of Fig. 3 also denote a C-C,5 alkyl group such as a methyl, n-heptyl, n-dodecyl or
n-octadecyl group. By virtue of the choice of the substituents R, those skilled in the art
can widely vary the properties of the final copolymer, such as solubility, processibility
and conductivity. A special example of a compound in accordance with formula VC of
Fig. 2 is neocuproine (formula VIII of Fig. 3).

Another suitable donor monomer D is azulene (an aromatic 5-7 ring)
which may or may not be substituted with, for example, an alkyl group.

Other suitable donor monomers D are thiophene oligomers such as
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denotes an aromatic core and Rg and R, denote an H-atom or a C,-C,; alkyl group. A
few examples of the aromatic core A are shown in formulae XI, XTI, XIII and XIV of
Fig. 4. In said formulae Ry and R, represent an H-atom or a C;-C,; alkyl group; X,
represents a -N= or -CR= group and X, and X; represent an -NH- or an -N(alkyl)-
group or an S-, Se- or O-atom. The alkyl group contains 1-18 carbon atoms. R
represents an H-atom or an alkyl or alkoxy substituent contaiﬁing 1-18 carbon atoms.
Representatives thereof are, for example, p-phenylene diamine, 3,6-diamino acridine
(formula XV of Fig. 4) and thionine (formula XVI of Fig. 4). The polycondensation
product of diamines and, for example, squaric acid surprisingly gives an electrically
conductive polymer; after all, the polymer formed is a polyamide which, as a class, is
known as an insulator.

An example of an alternating copolymer in accordance with the invention
is the polycondensation product of squaric acid (formula I of Fig. 1) and the compound
in accordance with formula VI of Fig. 3, where R, and R, represent an n-octadecyl
group (n-C;gH;7). The polymer formed has formula XVII of Fig. 5 as the repeating
unit. The squaric acid unit is negatively charged and serves as the charge acceptor. The
benzo( 1,2,4,5)bis(N-octadecyl-Z-méthyl—Zi-bis-methyldihydropyrrole) unit is positively
charged and serves as the charge donor. The alternating sequence of donor units artd
acceptor units in combination with an extensive conjugated system gives an intrinsically
conductive "self-doped” polymer. The conductivity of the polymer in accordance with
formula XVII of Fig. 5 is 3.10° S/cm at room temperature and the band gap is 1.0 eV.
The polymer can be readily dissolved in various solvents, such as chlorobenzene.
Instead of octadecyl groups, other alkyl groups, such as the methyl, n-heptyl and n-
dodecyl group, can be chosen for R, and R,. In general, the solubility of the polymer in
solvents increases as the length of the alkyl groups increases.

Another example of an alternating copolymer in accordance with the
invention is the polycondensation product of croconic acid (formula II of Fig. 1) and the
compound in accordance with formula VII of Fig. 3, where R; and R, represent a

methyl group. The polymer formed has formula XVIII of Fig. 5 as the repetitive unit.
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The croconic acid unit is negatively charged and serves as the charge donor. The
benzo(l1,2,4,5)bis(N-methyl-2-methylthiazole) unit is positively charged and serves as
the charge acceptor. This "self-doped” polymer in accordance with formula XVIII of
Fig. 5 has a conductivity of 10% S/cm at room témperature and of 2.5-103 S/cm at
250°C. The band gap of this polymer is 0.5 eV and, hence, this polymer has
semiconductive properties. Instead of methyl groups, other alkyl groups such as the n-
heptyl-, the n-dodecyl- and the n-octadecyl group can be chosen for Ry and R, .

In accordance with the invention, squaric acid, croconic acid and 5,6-
dihydroxy-5-cyclohexene-1,2,3,4-tetraon (formula III of Fig. 1) can also be
copolymerized using neocuproine (formula VIII of Fig. 3), terthienyl (formula IX of
Fig. 3) and 3,6 diamino acridine (formula XV of Fig. 4). Also in this case
polycondensation leads to the formation of electrically conductive alternating
copolymers, the compounds in accordance with formulae VIII, IX and XV serving as
the donor unit in the polymer chains.

The object of providing a method of preparing an alternating copolymer is
achieved in accordance with the invention by a method which is characterized in that
equimolar quantities of bifunctional acceptor monomer units A and bifunctional acceptor
monomer units D are mixed in a solvent and polymerized by polycondensation, thereby
forming the alternating copolymer comprising repeating unit AD. As the acceptor
monomer unit A a compound having an unsaturated ring structure is used which is
substituted with at least two double-bonded oxygen atoms and at least one hydroxy
group. As the donor monomer unit D a homo or heterocyclic aromatic compound )
having at least two active hydrogen atoms is used. Examples of the monomer units A
and D have been mentioned above. The polycondensation reaction is carried out in a
suitable solvent such as propanol, butanol, toluene or dimethyl sulphoxide.

In general, the alternating copolymers manufactured in accordance with
the above method exhibit great thermal stability. In most of said copolymers no change
can be observed after heating to 300°C in air. Consequently, the sensitivity to oxygen is
very small.

The conductivity of the alternating copolymers in accordance with the

invention can be increased by means of dopants which are known per se. Dopants

which are suitable for obtaining p-type conduction are, for example, I, AsFs, SbF;,

HBF,, perchlorate, sulphonate, SO; and FeCly. Dopants which are suitable for obtaining
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an alternative to metal conductor tracks.

The alternating copolymers in accordance with the invention can also be
used in antistatic layers or electromagnetic protective layers by dissolving the copolymer
in question in a suitable solvent and, subsequently, providing it on the desired substrate
by means of, for example, spin coating.

It is noted that in German Patent Application DE-A-3246319, a
description is given of the preparation of a copolymer of pyrrole and squaric acid by
anodic oxidation of a solution of said compounds in the presence of a conducting salt.
The polymer obtained is p-doped and also contains the anion of the conducting salt as
the counterion. By anodic oxidation, squaric acid is incorporated in the polypyrrole
formed. In this manner no strictly alternating copolymer is formed but a block
copolymer which, in addition to a sequence of pyrrole units, comprises squaric acid

units, or a homopolymer is formed which consists of pyrrole doped with squaric acid.

The invention will be explained in greater detail by means of exemplary
embodlments and drawings, in which

Fig. 1 represents formulae I, II and III of monomer units A which can be
used as acceptor units in alternating copolymers in accordance with the invention, and

Fig. 2 represents formulae IV and V of monomer units D which can be
used as donor units in alternating copolymers in accordance with the invention, and

Fig. 3 represents formulae VI, VII, VIII and IX of a few special examples
of monomer units D which can be used as donor units in alternating copolymers in
accordance with the invention, and '

Fig. 4 represents formulae X, XI, XII, XIII, XIV, XV and XVI of
aromatic diamines which can be used as donor monomer units D in alternating
copolymers in accordance with the invention, and

Fig. 5 represents formulae XVII and XVIII of répetitive units of

representatives of electrically conductive alternating copolymers in accordance with the

invention.
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Preparation of the Salt of the Conpound in

on a thin

Preparation of a compound in accordance with formula VI, where R; = R, = n-C;3Hj,

The compound in accordance with formula VI of Fig. 3 is prepared using
a benzodipyrrole and stearyl-p-chlorobenzene sulphonate. Said dipyrrole is prepared
according to the method described in Chemical Abstracts, Vol. 76, 1972, abstract No.
72434m, where it is indicated by formula III. The stearyl-p-chlorobenzene sulphonate is
prepared from p-chlorobenzene sulphonchloride and stearyl alcohol.
A mixture of 99 grams of stearyl-p-chlorobenzene sulphonate, 18 grams (75 mmol) of
said dipyrrole and 100 ml of chlorobenzene are heated for three hours at a temperature
of 120°C - 140°C. A quantity of 100 ml of chlorobenzene is added to the paste formed,
thereby forming a suspension. Said suspension is heated at a temperature of 120°C-
130°C for 16 hours and then cooled, after which 200 ml of toluene are added. The
solid is filtrated by vacuum filtration after which said solid is stirred with 250 ml of
toluene and then filtered again. The solid obtained is stirred with a mixture of 16 grams
of NaOH, 500 nﬂ of water and 500 ml of toluene for 5 hours after which all of the
solid has dissolved. The liquid layers are separated and the organic layer is washed with
500 ml of water, after which said layer is dried over Na,SO, and evaporated. The
residue is crystallized from 500 ml of 96% ethanol thereby forming 13.75 grams (18,48

mmol) of the desired product VI, i.e. benzodihydropyrrole, where R; = R, = n- ~
Ci3H;s.

This Sheet Has Been Replace

A mixture of the bénzodihydropyrrole in accordance with formula VI
(2.40 grams, 3.23 mmol) which is prepared according to the above method, squaric
acid (370 mg, 3.25 mmol), 150 ml of n-butanol, 100 ml of toluene and 3 drops of
quinoline is refluxed for 20 hours while removing water by means of azeotropic
distillation. After the mixture has cooled, it is filtered off by suction, after which the
solid is washed with toluene. After drying at 90°C, the alternating copolymer in
accordance with formula XVII thus obtained weighs 1.76 grams.

Pre tion of alternating copolymer in rdance with formula XVII |
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The conductivity of said copolymer in accordance with formula XVII, measured on a
film by means of a four-point measurement (also termed potential-probe measurement)
is 3.10°° S/cm. The band gap is 1.0 eV and is determined by the threshold of the optical
absorption in the near infrared (see C. Kittel, Introduction to Solid State Physics, 5th
ed., John Wiley and Sons, 1976, page 210). The absorption spectrum is measured on a
thin layer of the polymer on a glass plate, said polymer being provided from a solution
in chlorobenzene.

xempl mbodiment 2
Preparati f the of the compound in accordance with formula VII, where R, =

R, =CH,.

The salt of the compound in accordance with formula VII of Fig. 3 is
prepared according to the method described in Chemical Abstracts, Vol. 71, 1969,
abstract No. 81344f, where it is indicated by formula III (dithiazole salt of methyl

sulphate). In this form the compound is used in the polycondensation reaction with
croconic acid.

Pr tion rmatin mer in accor: with formula XVIII

A mixture of 324 mg (2.0 mmol) of croconic acid-monohydrate, 945 mg
(2.0 mmol) of the above-mentioned dithiazole sait, 30 ml of n-propanol, 800 mg of
pyridine and 30 ml of dimethyl sulphoxide are refluxed for 3 hours. After evaporation a
residue is obtained which is further concentrated under a vacuum at 100°C to remove
dimethyl sulphoxide. The residue thus obtained is mixed with a mixture of 50 ml of
‘water and 50 ml of toluene for half an hour. Filtration by suction gives 900 mg of the
alternating copolymer in accordance with formula XVIII of Fig. 5. The conductivity at
room temperature is 10-° S/cm and 2.5-10° S/cm at 250°C. The band gap is 0.5 eV.

Exempl mbodiment

Alternating copolymer of squaric acid and the compound in accordance with formula



B. Preparation of Alternating Copolyner in Accordance with
Forrmul a XVI | A mxture of 324 ng (2.0 mmol) of croconic acid- :

nonohydrate, 945 ng (2.0 mml) of the above-nen- tioned dithiazol e salt, 30
m of n-propanol, 800 ng of pyridine and 30 m of di !ﬁ* Mérl Hare
refluxed for 3 hours After evaporation a residue is o e S
further concentrated under a vacuum at 100[err] C t rermvmd% hyI

sul phoxi de. The residue thus obtained is mxed with i xid {9 m jof
wat er and 50 nml of toluene for half an ho@r. Filtratijony by suctlon gijves
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2.5.10[err]
EXAMPLE 3

S/cmat 250[err] C. The band gap is 0.5 eV.
Al ternating copol ymer of squaric acid and the

In a manner analogous to that described in exemplary embodiment 1, the
compound is prepared in accordance with formula VI of Fig. 3, where R; = R, = n-
C4Hy (n-butyl). In a manner analogous to that of said exemplary erhbodiment, an
alternating copolymer is obtained by using squaric acid. The conductivity of the
‘copolymer formed is 5.105 S/cm. After doping with iodine vapour at a temperature of
80°C the conductivity is 102 S/cm.

Exemplary embodiment 4,

Alternating copolymer of squaric acid with p-phenylene diamine,

Polycondensation of squaric acid, using p-phenylene diamine in
cyclohexanol as the solvent, gives an alternating copolymer having a conductivity of 10°
6 S/cm. After doping with iodine vapour the conductivity is 5.10 S/cm. The band gap
. of the copolymer obtained is 0.4 eV.

Further exemplary embodiments. .

The Table below gives a summary of the results of alternating copolymers
obtained from the indicated acceptor monomer units A and donor monomer units D.

The conductivity is measured on the undoped copolymer at room temperature.

—_—
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Tabl e bel ow gives a summary of the results of alternating copolyners

obtained fromthe indicated acceptor nononer units A and donor nononer
units D. fHeCconmuuct vijty—T s HeEasuret o the jontoped o=~ pory1
t enper at jimonomer A monomer D - | conductivity band gap
copolymer (S/cm)
(V)

[ squaric acid VI where R;=R,=CH; 108 1,0 J

]

squaric acid VI where R, =R,=C,H, 3.10°¢ 1,0
squaric acid . . | VI where R;=R,=C;sHjy 3.10°% 1,0
croconic acid VI where R;=R,=CH; 2.10°%

squaric acid VII where R;=R,=C,H, 5.107

croconic acid VII where Ry=R,=CH, 10°% 0,5
croconic acid VII where R3=CHj, and 104

Ry=CHys

squaric acid neocuproine (VIII) 2.107

squaric acid terthienyl (IX) with Ry=H 2.10€

squaric acid 1 p-phenylenediamine 106 0,4
croconic acid p-phenylenediamine 108 T
squaric acid diamino acridine (XV) 104

squaric acid thionine (XVI) 2.10°6

Alternating copolymers in accordance with the invention are intrinsically

electrically conductive and have a band gap of maximally 1.5 eV.
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REPLACERENT SHEET
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CLAIMS:
RN R
1. A (semi)conductive copolymer of alternating donor and acceptor monomer

units, characterized in that the (semi)conductive copolymer can be obtained by reacting
an acceptor monomer unit A having an unsaturated ring structure which is substituted
with at least two double-bonded oxygen atoms and at least one hydroxy group, with a
donor monomer unit D formed by a homo or heterocyclic aromatic compound
comprising at least two active hydrogen atoms, a polycondensation reaction taking place
in the presence of a solvent, thereby forming said alternating (semi)conductive
copolymer.

2, An alternating copolymer as claimed in Claim 1, characterized in that the
monomer unit A is selected from the group formed by squaric acid, croconic acid and
5,6-dihydroxy-5-cyclohexene-1,2,3,4-tetraone.

3. An alternating copolymer as claimed in Claim 1, characterized in that the
monomer unit D is selected from the group formed by

/X] X3 X7 v
v A i N
HaC=c O etz

X2 K3 X1

X1

/x1 X3 |
VB gt IO >c=cHz
X2 X3 X]
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where: o
X,= -NR- and

X,= 0, S, Se, -NR-, -CR== CH-, -CHR-CH,- or -C(alkyl),-, where the alkyl group
contains 1-18 C-atoms and

X,3= -CR= or -N=, where R is an H-atom or a C;-C,; alkyl or alkoxy group; or
X;=SorOand

X,= or -CR== CH- and

X3= -CR= or -N=, where R has the above-mentioned meaning.

4, An alternating copolymer as claimed in Claim 3, characterized in that the
monomer unit D is selected from the group formed by
Ri oy oy
VI N o \ where R, and R, represent a
e ~
HZC =C C= Cl-lzi C,-C,;s alkyl group; .
By "
N | .
CHy CHj Ry
R3
A
v N S where R; and R, represent a
. ~
HoC=C )\@I czcﬂzc,-cm alkyl group;
N -
5 N .
[
Ry

eet Has Been Re laced

\\ll\l\l \lll\\ I \|\\

-ns.i_cally



12+  CLAI M 1A (sem)conductive copolynmer of alternating donor and
acceptor nononer units, characterized in that the (sem )conductive

copol ymer is obt ai nﬁ ntmllmﬂwmg“m ‘acceptor nmononer unit A having an
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‘alternating (sem)co
vii 12 MAR 1997
CH
CHj
5. An alternating copolymeras claimed in Claim 4, characterized in that the

monomer unit A is croconic acid and the monomer unit D corresponds to formula VII,
where R, represents a methyl group and R, represents a dodecyl group.
6. An alternating copolymer as claimed in Claim 1, characterized in that the

monomer unit D is an aromatic diamine of the general formula

where R and Ry represent an H-atom or a C,-C,; alkyl group and A is an aromatif:

core selected from the group formed by

& L8 oo

w L BT



pol ymer substantially free of doping, with the proviso that said nononer

unit Ais sel ec_gtl,imm_t_he—g#euﬁ cosisting of croconic acid and

5, 6-di ydroxy-5- cycl ohexene- 4-t etraone when said nuneﬁe-r—-gﬁ-—t;r

p- phenyl enedi am ﬂ““mml] wﬁnatl ng copol ymer as cl ai M{Jﬁﬁ‘*@ﬁ fn‘;i HET
characterized |n unit Ais selected fro grgroup
consi sting of squarl aci d croconic acid 13MAR 1997
and. 5, 6- di hydr oxy- 5- cyclohexene 1,2, 3,4-tetraone.

preparing an alternating copolyner as ciqined in cl a| m 2 F-e-R—-egu-ral or
gquantities of bifunctional acceptor nonomer units A and b func- tional
donor nononer units D are mxed in a solvent and pol yneri Zet by

pol ycondensat i on, thereby form ng the alternating copol yner conpri sing
r epeat i ngwheretR #40d Ry representan Br-aiami o1 Cofak phot gron | Xpd Nr=araCR=,

where R represents an H-atom or a C,-C;; alkyl or alkoxy group, and
X, and X3= 8§, O, Se, -NH- or -N (alkyl)-, where the alkyl group contains 1-18 C-
atoms.

7. , An alternating copolymer as claimed in Claim 6, characterized in that the
monomer unit D is selected from the group formed by p-phenylenediamine, thionine and
3,6-diamino acridine.
8. A inethod of preparing an alternating copolymer in accordance with one
of the preceding Claims, in which equimolar quantities of bifunctional acceptor
monomer units A and bifunctional donor monomer units D are mixed in a solvent and
polymerized by polycondensation, thereby forming the alternating copolymer comprising
repeating unit AD. |
9. A method as claimed in Claim 8, characterized in that the conductivity of
the electrically conductive polymer is increased by treating it with a dopant, said
teatment resulting in the formation of a p- or n-type conductive polymer.

. 10. The use of an alternating copolymer as claimed in one of the Claims 1-7,
or obtained by using the method as claimed in Claim 9, as a conductor or
semiconductor in an electronic circuit.

11. The use of an alternating copolymer as claimed in one of the Claims 17
in an antistatic layer or electromagnetic protective layer.
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Electrically conductive alternating copolymer and method of preparing such a

copolymer.

Polycondensation of, for example, squaric acid with a

benzodihydropyrrole, benzodithiazole, neocuproine, terthienyl or an aromatic diamine

gives a semiconductive alternating copolymer having a small band gap. It is
alternatively possible to use croconic acid or 5,6-dihydroxy-5-cyclohexene-1,2,3,4-

tetraon instead of squaric acid. An alternating copolymer of croconic acid and a methyl-
substituted benzodithiazole has the following repetititve unit:

['IH
H.
1
-'—C=£<
-8
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ELECTRICALLY CONDUCTIVE ALTERNATING
COPOLYMER AND METHOD OF PREPARING
- SUCH A COPOLYMER

FIELD OF THE INVENTION

The invention relates to a new group of intrinsically
electrically conductive alternating copolymers. :

The invention also relates to a method of preparing
such polymers.

The invention further relates to the application of
such copolymers.

"BACKGROUND OF THE INVENTION

Organic polymers are generally electrical msulators '

and therefore they are used as mulatmg

electrical and electronic components. It is lmbwn"’ihat ”

the polymer obtains electrically conductive properties
if it contains a poly-conjugated bond system of, for

.example, double bonds, triple bonds, aromatic or hete-

ro-aromatic rings. Said conductivity is termed intrinsic
conductivity. Examples of such polymers are polyacet-
ylene, polythiophene and polypyrrole. In general, the
conductivity of these polymers is low because these
polymers are semiconductors having a relatively large
band gap of 1.5-4 eV. The conductivity can be in-

termed doping. By oxidation p-type conductors are
formed; by reduction n-type conductors are formed. In

. the oxidation or reduction treatment, charge carriers

are formed on the polymer chains, which charges are
compensated for by oppositely charged counterions.
The expression “alternating copolymer” is to be under-
stood to mean a polymer which is composed of two
different monomers which are alternately incorporated
in the polymer chain. In general, polymers are cheap
and can be readily procused, so that it is attractive to
use conductive polymers in conductive and semicon-
ductive structures in (integrated) electronic circuits,
electrodes for batteries, antistatic coatings and electro-
magnetic protective layers.

- creased by (electro)chemically oxidizing or reducxng -
. the polymer. Said oxidation or reduction treatment is



where: X err]
C(al kyl ) 2-,

= NR-

and Xferr]=0 S, Se, -NR-, - CR=CH, -CHR-CH[err]- or

where the al kyl group contains 1-8 C-atons and

2
A conductive alternating copolymer is known from
an article by J. Kowalik et al., Synthetic Metals, 41-43
(1991) 435-438. In said article, a description is given of
a semiconductive alternating copolymer on the basis of
benzoquinone and pyrrole which are reacted to form
poly(2-pyrrolyl-1,4-benzoquinone). The polymer ob-

-tained is p-type semiconductive and “disordered” and is

produced by oxidative polymerization of pyrrole and
benzoquinone. The band gap of the polymer formed is
not mentioned in said article.

A disadvantage of the known method is the presence
of an oxidizing agent, namely p-chloranil, during the
polymerization reaction, which causes the polymer
obtained to be doped and p-type conductive: It is impos-
sible or very difficult to obtain the undoped, i.e. intrinsi-
cally conductive polymer, from said polymer. A further
disadvantage is the “disordered” polymer structure
which adversely affects the conductivity.

SUMMARY OF THE INVENTION

1t is an object of the invention to provide, inter alia, a
new group of electrically (semi)conductive alternating
copolymers which have a band gap of maximally 1.5 eV
and whxch can be obtamed by means of a simple con-
whxch in addition, initially yields an undoped copoly-
mer.

A further object of the invention is to provide a
method of preparing such copolymers without using an
oxidizing agent. .

According to the invention, this object is achieved by
an alternating copolymer which is characterized in that
the (semi)conductive copolymer can be obtained by

reacting an acceptor monomer unit A having an unsatu- :

rated ring structure which is substituted with at least
two double-bonded oxygen atoms and at least one hy-
droxy group, with a donor monomer unit D formed by
a homo or heterocyclic aromatic compound comprising
at least two active hydrogen atoms, a polycondensation
reaction taking place in the presence of 2 solvent,
thereby forming said alternating (semi)conductive co-
polymer. The term “acceptor” is to be understood to
mean 2 unit which is capable of accepting 2 negative
charge, and the term ‘““donor” is to be understood to
mean a unit which is apable of donatmg a negative
charge. In this connection, the expression “active hy-
drogen atom” is to be understood to mean a hydrogen
atom which can be readily separated from the monomer
during the polycondensation reaction. Empl& of
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donor monomer units D comprising at least two active
hydrogen atoms are given below. By virtue of the poly-
condensation reaction a strictly alternating and ordered
structure of acceptors and donors . .. ADADADA....
is obtained, the choice of the monomer units A and D
resulting in the formation of a poly-conjugated bond
system. The polymers obtained have a small to very
small band gap, which leads to a substantial increase of
the intrinsic conductivity. Said intrinsic conductivity,
i.e. conductivity obtained thhout doping, is obtained at
+ room temperature.

Suitable acceptor monomer units A are squaric acid
(3,4-dihydroxy-3-cyclobute-l,2-dione; see formula 1
of FIG. 1), croconic acid (4,5-dihydroxy-4-cyclopen-
tene-1,2,3-trione; see formula II of FIG. 1 ) and 5,6-

' dihydroxy-s-cyclohm:ene-l 2,3,4-tetraone (see formula
III of FIG. 1).

Suitable donor monomer units D are eompounds
baving (5-6-5) or (6-6-6) heterocyclic ring systems

which are, for example, usedmdyechemxsuy A few
examples thereof can be found in J. Fabian et al, “Light
"Absorption of Organic Colorants”, Springer Verlag,
Berlin, 1980, page 189. In said publication, these com-
pounds are used to prepare biscyanine dyes. The gen-
eral class of said suitable donor monomers D is shown in
formulae IVA and IVB and VA, VB and VCin FIG. 2.
In said Figure, X] represents an —NR~— group; X2
representsanO——,S—-orSeatomoran—NR—-

-, —CHR—CH,— or —C(alkyl)>—group
"'and ﬁeprsents a —CR= or —N=—group. In said
FIG., X; may also represent an S- or O-atom, where X2
represents an S-atom or a —CR=CH-—group and X3
has the above-mentioned meaning. R represents an H-
atom or an alkyl or alkoxy substituent having 1-18
C-atoms. These compounds have an extensive, conju-
_ gated structure and two active hydrogen atoms which
react, during the polycondensation reaction, with the
OH groups of the acceptor monomer units, such as
squaric acid. A few special examples are shown in for-
mulae VI and VI of FIG. 3.
The substituents R; and R; of the benzodikydropyr-
- role in accordance with formula VI of FIG. 3 denote a
Cy-Ci13 alkyl group such as a methyl], butyl, or octa-.
decyl group. The substituents R3 and Ry of the benzodi-




clrainmed in claim4, wherein equinolor quantities of bifunctiofi O
nononer units A and bifunc- tional donor nononer iunits D are [ ked

sel vent and pol yrmeri zed by pol ycondensation, thefeby formng {he 2 1 APR 1999
alternating copol ymer conprising repeating unit AD. 6. An alternating
copolynmer as clainmed in claim4, characterized in that the noponer unit D
is selected fromthe group consisting @f “ Jerr]

thiazole in accordance with formula VII of FIG. 3 also
denote a C;-cjs alkyl group such as a methyl, n-heptyl,
n-dodecyl or n-octadecyl group. By virtue of the choice
of the substituents R, those skilled in the art can widely
vary the properties of the final copolymer, such as solu-
bility, processibility and conductivity. A special exam-
ple of a compound in accordance with formula VC of
FIG. 2 is neocuproine (formula VIII of FIG. 3).

Another suitable donor monomer D is azulene (an
aromatic 5-7 ring) which may or may not be substituted
with, for example, an alkyl group.

Other suitable donor monomers D are thiophene
oligomers such as bithienyl and terthienyl (formula IX -
of FIG. 3). The thlophe ring may be substituted with
'a group RiWwhich'is 2 C1—Cjs alkyl group or a C1-Cjg
alkoxy group.

Another class of suitable donor monomers D is that
of the aromatic diamines. The general formula is shkown
in formula X of FIG. 4. In said formula, Ar denotes an
aromatic core and R¢ and Ry denote an H-atom or a

C1-Cis a]ky] group. A few examples of the aromatic

“core Ar are shown in formulae XI, XII, and XiiTof
FIG. 4. In said formulae Rgand Ry represent an H-atom
or 2 C;-Cy3 alkyl group; X represents a —N= or
—CR=pgroup and X3 and X3 represent an —NH— or
an —N(alkyl)-group or an S—, Se— or O-atom. The
alkyl group. contains 1-18 carbon atoms. R represents
an H-atom or an alkyl or alkoxy substituent containing
1-18 carbon atoms. Representatives thereof are, for
example, p-phenylene diamine, 3,6-diamino acridine
(formula XIV of FIG. 4) and thionine (formula XV of
FIG. 4). The polyoondensatxon product of diamines
and, for example, squaric acid surprisingly gives an
electncally conductive polymer; after all, the polymer
formed is a polyamide which, as a class, is known as an
insulator.

An example of an alternaung copolymer in accor-
dance with the invention is the polycondensation prod-
uct of squaric acid (formula I of FIG. 1) and the com-
pound in accordance with formula VI of FIG. 3, where
R; and R; represent an n-octadecyl group (n—CjsHs7).
The polymer formed has formula XV1I of FIG. 5 as the
repeating unit. The squaric acid unit is negatively
charged and serves as the charge acceptor. The ben-
zo(l.2,4.5)bum-ocmdecyl-2-methyl-3-bm-methyldlhy-
droovrro‘le) unit is vositivelv charged and serves as the
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alternating copolyner as clained in claim3, wherein equi nol op~qguanttres
- of bifunctional acceptor nonomer units A and bifunc-.tional}dp 2 Hp?qg%'
units D are nmixed in a solvent and pol ymeri zed by pol ycondepsht 011 eb

formng the alternating copol ymer conprising repeating unit S AN ..k
alternating copolyner as clained in claism6, characterized |{n that the
monomer unit A is croconic acid and the nmononer unit D corresponegs—to Samid

formula VII, where éhohgprmmm nehcelof donopaits] repre- sents
a dodecyl group. a%d ié@t@% ﬁ{%ﬁ{ﬁ;ﬂf@ﬂﬁiﬁ%ﬂ%ﬁ@pm yner as

S/cm at room temperature a and the band gap is 1. 0 ey
The polymer can be readily dissolved -in vafious s0l--
vents, such as chlorobenzene. Instead of octadecyl.
groups, other alkyl groups, such as the methyl, n-heptyl
and n-dodecyl group, can be chosen for R; and Rz. In
gefieral, the solubility of:thie polymer in solveats in-
creases as the length of the alkyl groups increases.
Another example of an ahernatmg copolymer in ac-
~ cordance with the invention is the polycondensation
product of croconic acid (formula IT of FIG. 1) and the
compound in accordance with formula VII of FIG. 3,
where R3 and R4 represent a methyl group. The poly-
mer formed has formula XVII of FIG. § as the repeti-
tive unit. The croconic acid unit is negatively charged
and serves as the charge acceptor. The benzo(1,2,4,5-
)bis(N-methyl-2-methylthiazole) unit is positively
charged and serves as the charge donor. This “self-

doped™ polymer in accordance with formula XVII of
FIG. 5 has a conductivity of 10—5 S/cm at room tem-
perature and of 2.5.10~3 S/cm at 250° C. The band gap
of this polymer is 0.5 eV and, hence, this polymer has
semiconductive properties. Instead of methyl groups,
other alkyl groups such as the n-heptyl-, the n-dodecyl-
and the n-octadecyl group can be chosen for R3and Ry,

In accordance with the invention, squaric acid, cro-
conic acid and 5,6-dihydroxy-5-cyclohexene-1,2,3,4-
_tetraone (formula III of FIG. 1) can also be copolymer-
"ized using neocuproine (formula VIII of FIGZ3), ter-
thienyl (formula IX of FIG. 3) and 3,6 diamino acridine
(formula XIV of FIG. 4). Also in this case polyconden-
sation leads to the formation of electnca.lly conductive
-alternating copolymers, the compounds in accordance

with formulae VIII, IX and XIV serving as the donor

umt m the. polymer chains.

alternatmg copolymer is achieved in accordance with
the invention by a method which is characterized in that
equimolar quantities of bifunctional acceptor monomer



cI aimed in claim8, wherein equinolor quantities of bifunct|RERIAGEEERT FHERT

nmononmer units A and bifunc- tional donor nmononer units D are prxed™inmad

sol vent and pol ynerized by pol ycondensati on,

-al ternating copolyrrer conprisig repeating unit AD. 10. Anfalt
copol ymer as claimed in claiml, characterized in that the froRoner—uatmpAc—

"

t hereby formin hg%ﬁf?ﬁg”

is selected fromthe group consisting of bcroconic acid and ,6-

tion, thereby forming the alternating copolymer com-
pnsmg repeating unit :AD. As the acceptor monomer
unit A a compound having an unsaturated ring structure
is used which is substituted with at least two double-
bonded oxygen atoms and at least one hydroxy group.
As the donor monomer unit D a homo or heterocyclic
aromatic compound having at least two active hydro-

di hydr oxy- 5- cycl ohexgfitsl A2 aid A]ilfﬁi ﬂm%—mm 'Eié BDTs—an
"an

aromati c di am ne of lhﬂ&lg&ngr Bﬂ 1 by polycon r]

gen atoms is used. Examples of the monomer units A

and D have been mentioned above. The polycondensa-
tion reaction is carried out in a suitable solvent such as
propanol, butanol, toluene or dimethyl sulphoxide. .

In general, the alternating copolymers manufactured
in accordance with the above method exhibit great

- thermal stability. In most of said copolymers no change

can be observed after heating to 300° C. in air.-Conse-
quently, the sensitivity to oxygen is very small. -

The conductivity of the alternating copolymers in
accordance with the invention can be increased by
means of dopants which are known. per sé. Dopants

- which are suitable for obtaining p-type conduction are,

for example, I>, AsFs, SbFs, HBF4, perchiorate, sulpho-
nate, SO3 and FeCls,. With certain copolymers p-doping
causes the absorption band to pass to the infrared por-
tion of the spectrum. As a result, said copolymers be-
come colourless. As semiconductive polymers are avail-
able, circuits can be-manufactured which can be used in
electronic devices. Also conductor tracks can be manu-
factured from the alternating copolymer in accordance
. with_the invention-and form.. gh,a‘];gmanve to metal
fGonductor trackss.-

The alternating copolymers in accordance with the
invention can also be used in antistatic layers or electro-
magnetic protective layers by dissolving the copolymer
in question in a suitable solvent and, subsequently, pro-
viding it on the desired substrate by means of, for exam-
ple, spin coating. -

It is noted that in German Patent Application DE-A-
3246319, a description is given of the preparation of a
copolymer of pyrrole and squaric acid by anodic oxida-
tion of a solution of said compounds in the presence of
a conducting sait. The polymer obtained is p-doped and
also contains the anion of the conducting salt as the
counterion. By anodic oxidation, squaric acid is incor-
porated in the polypyrrole formed. In this manner no
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strictly altematmg copolymer is formed but a block
copolymer which, in addition to a sequence of pyrrole
units, comprises squaric acid units, or a homopolymer is
formed which consists of pyrrole doped with squaric
acid.

BRIEF-DESCRIPTION OF THE DRAWINGS

The invention will be explained in greater detail by
means of exemplary embodiments and drawmgs, in
which

FIG. 1 represents formulae 1, II and III of monomer
umtsAwh:chcanbeusedasaoeepmrumtsmaltemat-
ing copolymers in accordance with the invention,

FIG. 2 represents formulae IV and V of monomer
units D whxchcanbensedasdonorumtsmaltemanng
copolymers in accordance with the invention,

FIG 3representsformnlaeVI,VIl,VIlI_andD(ofa _

Specia examples of monomeisiitis D il :
used as donor units in elternating copolymers in accor-
dance with the invention,

FIG. 4 represents formulae X, XI, XII, X111, XIV
and XV of aromatic diamines which can be used as
donor monomer units D in alternating copolymers in
accordance with the invention, and

FIG. 5 represents formulae XVI and XVII of repeti-
tive units of representatives of electrically conductive |
alternating copolymers in accordance with the inven-
tion. :

DETAILED DESCRIPTION OF THE-
PREFERRED EMBODIMENTS

A. Preparation of a compound in accordance with:
* formula VI, where Rj=R2=n—Cj3H37

The compound in accordance with formula VI of
FIG. 3 is prepared using a benzodipyrrole and stearyl-p-
chlorobenzene sulphonate. Said dipyrrole is prepared
according to the method described in Chemical Ab-
stracts, Vol. 76, 1972, abstract No. 72434m, where it is
indicated by formula III. The stearyl-p-chlorobenzene
sulphonate is prepared from p-chlorobenzene sulphon-
chloride and stearyl alcohol. A mixture of 99 grams of
stearyl-p-chlorobenzene sulphonate, 18 grams (75
mmol) of said dipyrrole and 100 ml of chlorobenzene
are heated for three hours at a temperature of 120°
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C.-140° C. A quantity of 100 ml of chlorobenzene is

added to the paste formed, thereby forming a suspen-
sion. Said suspension is heated at a temperature of 120°
C.-130° C. for 16 hours and then cooled, after which

200 m) of toluene are added. The solid is filtrated by

vacuum filtration after which said solid is stirred with
250 ml of toluene and then filtered again. The solid
obtained is stirred with 2 mixture of 16 grams of NaOH,
500 ml of water and 500 ml of toluene for 5 hours after
which all of the solid bas dissolved. The liquid layers
are separated and the organic layer is washed with 500
ml of water, after which said layer is dried over Naa.
S04 and evaporated. The residue is crystallized from
500 ml of 96% ethanol thereby forming 13.75 grams
(18,48 mmol) of the desired product VI, ie. benzodihy-
dropyrrole, where Ri=R2=n—C;sH37.

B. Preparation of Alternating Copolymer in
Accordance with Formula XVI -

A mixture of the benzodihy e in accordance

with formula VI (2.40 grams, 3.23 mmol) which is pre-

pared according to the above method, squaric acid (370

mg, 3.25 mmol), 150 m! of n-butanol, 100 ml of toluene

and 3 drops of quinoline is refluxed for 20 hours while
removing water by means of azeotropic distillation.
After the mixture has cooled, it is filtered off by suction,
after which the solid is washed with toluene. After
drying at 90° C. the alternating copolymer in accor-
dance with formula XVI thu$ obtained weighs 1.76

grams.

The conductivity of said copolymer in accordance
with formula XVII, measured on a film by means of a
four-point measurement (also termed potennal-probe
measurement) is 3.1 10-3 S/cm. The band gap is 1.0 eV
and is mined by the threshold of the continuous
optical absorption in the near infrared (see C. Kittel,
Introduction to Solid State Physics, Sth ed., John Wiley
and Sons, 1976, page 210). The absorption spectrum is
measured on a thin layer of the polymer on a glass plate,
said polymer being provided from a solution in chloro-
benzene.

EXAMPLE 2

A. Preparation of the Salt of the Compouad in
Accordance with Formula V11, where R3=R4=CHj.

where R[err] and Rlerr] represent an H atomor a C[eREfy@f’e‘r”E‘Nf S?FF’

Aty

2 1 APP 1999
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group and X[err]=-N= or -CR-, where R represents an H at om o REPLACEMENT SHEET

Cerr]-Cerr] alkyl or alkoxy group, and Xferr]=S, O Se, -NH |oOr
-'N(al kyl')-, where the alkyl group contains 1-18 C atons. 11. A?ﬂﬁ'@%ﬁ&
* preparing an alternating copdlyner as clajned in claim 10, efein
equi nol or quantities of bifunctional acceBtor nononer units Are—bftHce |
ti onal donor nononer units D are m xed in”a solvent and pol yfreri zed by

pol ycondensat i on, th¥Fhegsaltofth _ rocondancepilifor pri5iTTg
repeating unit AD. VIIofAFIG.(3'isyirepsred motordingoto théimethod cl ai m 10,
characterized in thdéscribed A Ch&hidal Abstiacts; Vel 74, 1969 abiizasy oup -
consi sting of p-pheny, Y1344, tip i indicafedP B9 fortndlacIIIN@iAcr i di ne.
13. A method of prefaiid e S SBghdsty o R o o 1 ©1 41 12,
wherein equi mol or qggﬁ?ii‘ﬁeafin the polycondensation reaction with
croconic acid.
B. Preparation of Alternating Copolymer in
Accordance with Formula XVII

A mixture of 324 mg (2.0 mmol) of croconic acid-
monohydrate, 945 mg (2.0 mmol) of the above-men-
tioned dithiazole salt, 30 ml of n-propanol, 800 mg of
pyridine and 30 ml of dimethyl sulphoxide are refluxed
for 3 hours. After evaporation a residue is obtained
which is further concentrated under a vacuum at 100°
C. to remove dimethyl sulphoxide. The residue thus
obtained is mixed with a mixture of 50 ml of water and
50 ml of toluene for half an hour. Filtration by suction
gives 900 mg of the alternating copolymer in accor-
dance with formula XVII of FIG. 5. The conductivity .
at room temperature is 10—5S/cm and 2.5.10~3S/cm at
250° C. The band gap is 0.5 eV,

Alternating copolymer of squaric acid and the
" compound in accordance with formula VI, where
Ri=Ry=n—CsHps.

In a manner analogous to that described in Example
1, the compound is prepared in accordance with for-
mula VI of FIG. 3, where Rj=R2=n-C¢Hjy (n-butyl).
In a manner analogous to that of said exemplary em-
bodiment, an alternating copolymer is obtained by using
squaric acid. The conductivity of the copolymer
formed is 5.10—5S/cm. After doping with iodine vapor
at a temperature of 80° C. the conductivity is 10-2
S/cm. '

EXAMPLE 4t05 - 1

The Table below gives a summary of the results of -
alternating copolymers obtained . from the indicated
acceptor monomer units A and donor monomer units

D. The conductivity is measured on the undoped co-
polymer at room temperature.
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accept or
units D are mxed in a solvent and pol yneri zed by pol ycondensati on,

flormi ng the alternating copol yner conprising repeating
14. An electronic circuit which conprises an al temJAC?ﬁ/!pNTS

bif uncti onal

17



ing copolynmer as clainmed in claima1l. 15. An electronic circuit as clalned

.in claim14 in which said copolynmer is present as a sem co

16. An antistatic layer which conprises an alternating copvf?”;*

in-¢laiml. 17. An el ectromagnetic protective |ayer which

alternating copolymer as clainmed in claim 1. 18. An altern

as clainmed in claiml, wherein the nononmer unit A is squari
nononer unit Dis an aronmatic diam ne of the general fornmul
[err] 11°

Alternating copolymers in accordance with the in-
vention are intrinsically electrically conductive and
have a band gap of maximally 1.5 eV.
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CLAINMS:

1. A (semi)conductive copolymer -of alternatmg
donor and acceptor monomer units, characterized in
that the (semi)conductive copolymer is obtained by
reactxng an acceptor monomer unit A having an unsatu-
rated ring structure which is substituted with at least
two double-bonded oxygen atoms and at least one hy-
droxy group,. with a donor monomer unit D formed by
a homo or heterocyclic aromatic compound comprising
at least two active hydrogen atoms, a polycondensation
reaction taking place in.the presence of a solvent,
thereby forming said alternating (semi)conductive co-
polymer substantially free of doping, with the proviso
that said monomer unit A is selected. from the group
consisting of croconic acid and 5,6-dihydroxy-5-
cyclohexene-1,2,3,4-tetraone when said monomer unit
D' is p-phenylenediamine.

2. An alternating copolymer as claimed in claim 1,
characterized in that the monomer unit A is selected
from the group consisting of squaric acid, croconic acid
and S 6-dihydmxy-5—cyclohexene—1,2,3 4-tetraone.

3. A method of preparing an alternating copolymer as
claimed in claim 2, wherein eqmmolor quantities of
bifunctional acceptor monomer units A and bifunc-
tional donor monomer units D are mixed in a solvent
and polymerized by polycondensation, thereby forming
the -alternating copolymer comprising repeating unit
AD.

4. An alternating copolymer as claimed in claim 1,
characterized in that the monomer unit D is selected
from the group consisting of

X1 X0 X
/ \
HaC=C C=CH;
\ /
: X2 X3 X1

IVA




group and X[err] =-N= or -CR= where R represents an Hato

QL A3

Cerr]-Cerr] alkyl or, al Koxy —group, and X[err]=S, O
(al kyl)-, where

oy e RN A mgpaﬁ’zﬁ nating copol ymer
#1ies of

aj
cIa|n118 wher ei n equicnokor® quan 13

o7

-continued
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CH;
Xx—C//

where:
Xj=—NR~— and
X2=0, S, Se, ~—NR—,
—CHR~—CHz— or ——C(alkyl)z
group contains 1-8 C-atoms and

X3==—CR= or —N=, where R is and H-atom or
C1-Cy3 alkyl or alkoxy group; or :

—CR=CH—,
,» where the alkyl

VA

vC



bi f unct i onal acceptor monomer—daits A and bifunc- tional

donor nononer

units D are m xed l’”’ﬂ and ‘pol yneri zed by pol ycondensati on,
t héreby form ng ﬂﬁmﬁ opol yner conprising repgati-hg-—uni-t
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20. An alternating co‘iooILy a| med in claim18, char
t he mononer unit D is select ed ’fromthe group consisting |o
3,6-diamno acridine. 21. A nethod of preparing an alter
as clainmed in claim20 wherein equi nol orlguantities of bi
acceptor nonomer units A and bifunc- tional donor nononer

m xed in .a sol ventX;a® d}og/ml zed by pol ycondensation, t

nc

fun

LIII o1 rie d.llU

Fl

U

inits D.are ]

hereby form ng

the alternating cogolyge CORRLICHNG Jopeating unit  AD.

txoned meaning.

preparing an al terg t'mo r °N=, where R has the above-men-

5. A method of preparing an alternating copolymer as
claimed in claim 4, wherein equimolor quantities of
bifunctional acceptor monomer units A and bifunc-
tional donor monomer units D are mixed in a solvent
and polymerized by polycondensation, thereby forming

the alternaung copolymer comprising repeating unit

AD.

~ 6. An altérnating copolymer as claimed in claim 4,
characterized in that the monomer unit D is selected

from the group consisting of
?l - CH;\ /CH; VI
‘N c where R; and R2 are each
G- ;
— \ 1-Cis alkyl group
C N/
7\ |
CH; CH;3 R2

K3
/1!1 s where R3 and Ry are each
C-C 1 ;
— ]@\[ \c=cH2 1~Ch3 2Tkyl group;
\ /
R

v




as claimed in claimi, in which equinolar quantities of bi/REFCACEAGINT SHFET
acceptor nononmer_units A and-bifdnc- tional donor nononer furfts D are mxed
in a solvent and pol ynerized, bﬁwol ycondensation, thereby |fqrmn

Rl | ]

erating donor and acceptqr

charactrized in tHhat®the ("sem' ) conduct i g copol ymer is obfjai ned by reacting |

repeating unit AD. 23. |A

Val’am)

APAR99

n.
ImurTomTme

Ferldt S

an acceptor nononer unit A selected fromthe group consisting of sguartc

acid, croconic. acid and 5, 6-di hydroxy-5-cycl ohexene-1,2,3,4-tetraone with a

donor ononer uni ty B 3alfE S prpklld n WifkRarERE bPblymhFad”

claimed in claim 3, wherein equimolor quantities of
bifunctional acceptor monomer units A and bifunc-
.tional donor monomer units D are mixed in a solvent
and polymerized by polycondensation, thereby forming
the alternating copolymer comprising repeating unit
AD.
8. An alterpating copolymer as claimed in claim 6,
characterized in that the monomer unit A is croconic
acid and the monomer unit D corresponds to formula
V11, where R3 represents a methyl group and R4 repre-
sents a dodecyl group.

9. A method of preparing an alternating copolymer as
claimed in claim 8, wherein equimolor quantities of
bifunctional acceptor monomer units A and bifunc-
tional donor monomer units D are mixed in a solvent
and polymerized by polycondensation, thereby forming
the alternating copolymer comprising repeating unit
AD.
10. An alternating copolymer as claimed in claim 1,
characterized in that the monomer unit A is selected
from the group consisting of croconic acid and 5,6-
dihydroxy-5-cyclohexene-1,2,3,4-tetraone and the mon-
omer unit D is an aromatic diamine of the general for-
mula

H H X
N—A—N
/7 N\
R¢ Ry
where Rgand R7represent an H-atom or a C1-Cygalkyl

group and A is an aromatic core sclected from the
group consisting of
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where Rg and Rg represent an H-atom or a C)~C;3 alkyl
group and X;=—N= or —CR==, where R represents
an H-atom or a C;-C;s alkyl or alkoxy group, and
X2=S§, O, Se, —NH~- or —N(alkyl)—, where the alkyl
group contains 1-18 C-atoms.

11. A method of preparing an alternating copolymer
as claimed in claim 10, wherein equimolor quantities of
bifunctional acceptor moncmer units A and bifunc-
tional donor monomer units D are mixed in a solvent
and polymerized by polycondensation, thereby forming
the alternating copolymer comprising repeating unit
AD, -

12. An alternating copolymer as claimed in claim 10,

characterized in that the monomer unit D is selected .

from the group consisting of p-phenylenediamine, thio-
nine and 3,6-diamino acridine.

13. A method of preparing an alternating copolymer
as claimed in claim 12, wherein equimolor quantities of
bifunctional acceptor monomer units A and bifunc-

tional donor monomer units D are mixed in a solvent
and polymerized by polycondensation, thereby forming
the alternating copolymer comprising repeating unit

AD.
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14. An electronic circuit which comprises an alternat-
ing copolymer as claimed in claim 1.
15. An electronic circuit as claimed in claim 14 in
which §aid copolymer:.js present as a semiconductor
16. An antistatic layer which comprises an alternating
copolymer as claimed in claim 1.
- - 11 Aunel gnetic protective layer which com-
“ prises an alternating copolymer as claimed in claim 1.
18. An alternating copolymer as claimed in claim 1,
wherein ‘the monomer:unit A is squaric acid and the
monomer unit D is an aromatic diamine of the general
formula ' :

H H X
N—=Ar—N
R¢ R7

where Rgand Ryrepresent a C;~C;3 alkyl group and Ar
is an aromatic core selected from the group consisting
of '

Rg Rg IXH

PO
X2
where Rgand R represent an H-atom or a Ci1-Cysalkyl
group and X;=-—N= or —CR=,
where R represents an H-atom or a Cy-Cy3 alkyl or

alkoxy group, and

X2=S, O, Se, —NH— or —N (alkyl)—, where the
alkyl group contains 1-18 C-atoms.
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19. A method of preparing an alternating copolymer
as claimed in claim 18 wherein equimolor quantities of
bifunctional acceptor monomer umits A and bifunc-
tional donor monomer units D are mixed in a solvent
and polymerized by polycondensation, thereby forming
2]?) alternating copolymer comprising repeating unit
20. An alternating copolymer as claimed in claim 18,
Characterized in that the monomer unit D is selected
from the group consisting of thionine and 3,6-diamino
acridine.

21. A method of preparing an alternating copolymer
as claimed in claim 20 wherein equimolor Quantities of
b.lfunctional acceptor monomer units A and bifunc-
tional donor monomer units D are mixed in a solvent
and polymerized by polycondensation, thereby forming
?D alternating copolymer comprising repeating unit
22. A method of preparing an alternating copolymer

.as claimed in claim 1, in which equimolar quantities of

bifunctional acceptor monomer umits A and bifunc-
tional donor monomer units D are mixed in a solvent
and polymerized by polycondensation, thereby forming
the alternating copolymer comprising repeating unit
AD.
23. A (semi)conductive copolymer of alternating
donor and acceptor monomer units, characterized in
that the (semi)conductive copolymer is obtained by
reacting an acceptor monomer unit A selected from the
group consisting of squaric acid, croconic acid and

§,6-dihydroxy-5-cyclohexene-1,2,3,4-tetraone with a-

donor monomer unit D selected from the group consist-

ing of T
P X3 Xz\ va
H2C=C O C=CH
\ I Wil
IVB
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- Xerr]=-CR= or -N= where Ris an Hatomor a Jerr]-C }
- al koxy group; or X[err]=S or O and X[err]= or -CR=CHand ,
- 20 X[err]=-CR=.or -N=,where R has the above nmem ti,oneq r?eArﬁPr?gwgg ;

#
Fﬁl&?’/gg;d?WI ng place in the presende lof _a_solvent., |
e
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0, S Se, —NR— ...CR-.—.c:H--i

—CHR~—CH2— or ~—C(alkyD2—s where the alky

‘ comtains 1-18 C-atoms and |

ngloi%k or —N==, where R is an H—atgq ora-
C1-Cis alkyl or alkoxy group; of

Xj=SorOand - .

Xa= o1 —CR=CH— and
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nati.ng (sem )comcm'ﬁmubt antially free of doping. 24. A

met hod of prepari r\1 ‘ “munmm‘\mﬂ copolynmer as clained in claim23 wherein
equi nol or quantiti a““ $Mal acceptor nononer units A QY AP Yarem
tional donor. mononmer @nits B ate mixed in a solvent and pol ynﬂﬁé@#%&ﬁﬁﬁ? SHEET
pol ycondensati on, thereby form ng the a% ernating copol ynmer cpnprising
repeating unit AD. 25. A (seni)conducttve copol yner of altefnpat RPrihABRMIBII
and acceptor nonomer units, characterized in that the (sem)cpnfluctive

=]

copol ymer is obt ai Xp=byCReactr +Nas, wheee Bl 2 A belrectedtrom
Lhe group of squar Cgeged meggegrhc oC1 S0 o 0 d oy Lo
aromati c di am né E)f ’ éhé%gﬁgag mﬁk&é ©

presence of a solvent, thereby forming said alter-
nating (semi)conductive copolymer substantially
free of doving. : '

24. A method of preparing an alternating copolymer
as claimed in claim 23 wherein equimolor quantities of
bifunctional acceptor monomer units A and bifunc-
tional donor monomer units D are mixed in a solvent
and polymerized by polycondensation, thereby forming
the alternating copolymer comprising repeating unit.
AD. :

25. A (semi)conductive copolymer of alternating
donor and acceptor monomer units, characterized in
that the (semi)conductive copolymer is obtained by
reacting an acceptor monomer unit A selected from the
group of squaric acid, croconic acid and 5,6-dihydroxy-
S-cyclohexene-1,2,3,4-tetraone with a donor monomer
unit D selected from an aromatic diamine of the general
formula _
H\N | H X

P Ar—N
R¢ - Ry

where Rgand R_-; represent an H-atom or a C;-Cyg alkyl
group and Ar is an aromatic core selected from the
group cons1stmg o_f



[-err] where R err] and R err] represent an H-atom
al kyl group and Wcore sel ected fromt

g 1]

' p <]
where Rgand Ry represent an H-atom or a C)~Cjg alkyl
group and Xj=~N== or —CR==, where R represents
"an H-atom or a C;~Cj3 alkyl or alkoxy group, and
X2=8§, O, Se, —NH— or —N (alkyl)—, where the
alkyl group contains 1-18 C-atoms, with the proviso
that said monomer unit A is selected from the group
consisting of croconic acid and 5,6-dihydroxy-5-
cyclohexene-1,2,3,4-tetratone when said monomer unit
D is p-phenylenediamine, a polycondensation reaction
taking place in the presence of a solvent, thereby form-
ing said alternating (semi)conductive copolymer sub-
stantially free of doping.

26. A method of preparing an alternating copolymer
as claimed in claim 25 wherein equimolor quantities of !
bifunctional acceptor monomer units A and bifunc-
tional donor monomer units D are mixed in a solvent
and polymerized by polycondensation, thereby forming
the alternating copolymer comprising repeating unit

27. An alternating copolymer as claimed in claim 25
wherein the monomer bnit D is selected from the group
‘consisting of p-phenylenediamine, thionine and 3,6-
diamino acridine. '

28. A method of preparing an alternating copolymer
as claimed in claim 27 wherein equimolor quantities of
bifunctional acceptor monomer units A and bifanc-
tional donor monomer units D are mixed in a solvent
and polymerized by polycondensation, thereby forming
the alternmating copolymer comprising repeating unit -

[
—

e

AD.

® ¥ Xk & &



21 where R err] and R err] represent an Hatomor a
Cerr]-Cerr] alkyl group and X err]=-N= or -CR=, where R represents an
Hatomor a (Jerr]-Clerr] alkyl or al koxy group, and X err]=S, OSe, - NH-
or -N (alkyl)-, where the .
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ABSTRACT
ELECTRICALLY CGNDUCTIVE ALTERNATING COPOLYMER
AND -METHOD . OF PREPARING.SUCH“A -COPOLYMER

Palycondensation of, for example, squaric acid with a

benzodihydropyrrole, benzodithiazole, neocuproine,

terthienyl or an aromatic diamine gives a semiconduc-

tive alterpating copolymer having a small band gap. Itis.
altematively possible to use croconic acid or 5,6-dihy-

droxy-5-cyclohexene-1,2,3,4-tetraone instead of squaric..
acid. An altetntifig copolymer of croconic acid and 2
methyl-substituted benzodithiazole has the fonowmg

repetititve unit:

FIGURE .§
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consi sting of p-phenyl enedi am ne, thionine and 3,6 diam no acridine. 28.
A nethod ‘of preparing an alternating copolyner as clainmed in claim27
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