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NEW CONDUCTIVE AND PHOTOSENSITIVE
POLYMERS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims benefit under 35 U.S.C.
§119(e) of U.S. Provisional Application having Ser. No.
61/855,965 filed on 29 May, 2013, which is hereby incorpo-
rated by reference herein in its entirety.

FIELD OF INVENTION

[0002] This invention relates to a novel polymer, in particu-
lar, a newly functionalized polythiophene, and the syntheses
as well as the applications thereof.

BACKGROUND OF INVENTION

[0003] Photovoltaics are currently one of the most
research-intensive areas globally in search for new technol-
ogy to obtain reasonably priced and renewable green energy
from sunlight. The technology development nowadays has
come very diverse in the photovoltaic field. Among these
developed technologies, energy saving devices such as
organic light emitting diodes (OLEDs), polymer light emit-
ting diodes (PLEDs), and organic photovoltaic devices
(OPVs) are undergoing mass production and applications
based on the advanced materials have been developed in
recent years. However, there are still some key unsolved
problems including low power conversion efficiency and high
production cost for the active donor and acceptor materials
(typically P3HT and PCBM) in the bulk heterojunction poly-
mer solar cell. Up to now, the power conversion efficiency
(PCE) 1s about 7% using PFN (poly[(9,9-bis(3'-(N,N-dim-
ethylamino)propy!)-2,7-fluorene)-alt-2,7-(9,9-dioctylfluo-
rene)] at Ossila. By using new interface materials and archi-
tectures, the PCE of PTB7 (Poly[[4,8-bis[(2-ethylhexyl)oxy]
benzo[ 1.2-b:4,5-b'|dithiophene-2,6-diyl][3-fluoro-2-[(2-
ethylhexyl)carbonyl]thieno[3,4-b]thiophene-diyl]])is able to
reach about 9%. However, the cost and the synthetic method-
ology for these polymers are not yet favorable for mass pro-
duction and commercialization. As such, further improve-
ments are still needed in order to provide ease of processing,
higher performance, and lower production cost.

[0004] Polythiophene is one of the well-known electrically
conducting polymers and it has been an important material
for applications in photovoltaic cells, photochemical resists,
light emitting diodes, and thin film transistors. For examples,
both native polythiophene and regio-regular polythiophenes
are well-known conducting polymers for the applications in
the fields of energy saving devices.

[0005] However, the syntheses of polythiophenes and
regio-regular polythiophenes involve lengthy and compli-
cated processes, and cast hindrance for future scale-up and
production. Also, solubility is a big problem for solution
process of polythiophene.

[0006] For example, the most common regio-regular poly-
thiophenes polymer, poly(3-hexylthiophene (P3HT), has rea-
sonable solubility but its production cost is very high and thus
limits its applications for organic device fabrication. On the
other hand, native polythiophene is cheap but unfortunately it
is not soluble in both organic and aqueous solvents. This
implies that the native polythiophene is difficult to be pro-
cessed and thus limit many of its potential applications.
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SUMMARY OF INVENTION

[0007] In the light of the foregoing background, it is an
object of the present invention to provide a new polymer,
which can be obtained through a cost-effective functionaliza-
tion process and soluble in most commonly used organic
solvents. Accordingly, the present invention, in one aspect,
provides a compound of formula I,

X+R,T[TMX

[0008] wherein X is selected from the group consisting of
hydrogen, bromine, chlorine, and methyl group;

[0009] m is equal or great than zero;

[0010] ks equal or great than one;

[0011] nisequal or great than one;

[0012] RisNR'R? orselected from the group consisting of

hydrogen, alkoxy group, and substituted alkoxy group;
[0013] wherein R and R? are independently selected from
the group consisting of hydrogen, aldehyde, acid chloride,
acid bromide, and isocyanate; and

[0014] R'is selected from the group consisting of aryl, and
substituted aryl.
[0015] In an exemplary embodiment of the present inven-

tion, wherein said compound is represented by formula Ia,

[0016] whereinR is NR'R? or an alkoxy group, said alkoxy
group is further selected from the group consisting of pro-
panols, butanols, pentanols, hexanols, ethyl formate, substi-
tuted ethyl formate, ethoxy silane, and substituted ethoxy
silane.

[0017] In an exemplary embodiment of the present inven-
tion, wherein said compound is represented by formula Ib,

Ib

[0018] whereinR is NR'R? or an alkoxy group, said alkoxy
groupis further selected from the group consisting of ethanol,
substituted ethanol, ethyl formate, substituted ethyl formate,
ethoxy silane, and substituted ethoxy silane.

[0019] In an exemplary embodiment of the present inven-
tion, wherein said compound is represented by formula Ic,
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[0020] wherein R" is hydrogen or alkyl chain comprising
CeH,s, CgH, 7, and C,,H,5; and

[0021] RisNR'R?oranalkoxy group, said alkoxy group is
further selected from the group consisting of ethanol, substi-
tuted ethanol, ethyl formate, substituted ethyl formate,
ethoxy silane, and substituted ethoxy silane.

[0022] In an exemplary embodiment of the present inven-
tion, wherein said compound is represented by formula Ic,

Ic'

[0023] wherein m' is equal or greater than one;

[0024] R*is selected from the group consisting of ethanol,
substituted ethanol, ethyl formate, substituted ethyl formate,
ethoxy silane, and substituted ethoxy silane;

[0025] R" is hydrogen or alkyl chain comprising C¢H, 5,
CgH,;, and C,,H,s.

[0026] In an exemplary embodiment of the present inven-
tion, wherein said compound is represented by formula Id,

Id

[0027] wherein R is NR'R? or an alkoxy group, said alkoxy
group is further selected from the group consisting of ethanol,
substituted ethanol, ethyl formate, substituted ethyl formate,
ethoxy silane, and substituted ethoxy silane.

[0028] In an exemplary embodiment of the present inven-
tion, wherein said compound is represented by formula le,

NR!R?

|
X S m/\an
L bor

S

NRAR*
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[0029] wherein m is equal or great than one; and

[0030] R?and R*are independently selected from the group
consisting of hydrogen, aldehyde, acid chloride, acid bro-
mide, and isocyanate.

[0031] In an exemplary embodiment of the present inven-
tion, wherein said aldehyde is an aliphatic aldehyde selected
from the group consisting of acetaldehyde, propionaldehyde,
butyraldehyde, and valeraldehyde; or an aromatic aldehyde
selected from the group consisting of cinnamaldehyde. Said
aldehyde is present in any one of the compounds represented
by formulae I, Ia, Ib, Ic, Ic', 1d, or le.

[0032] In an exemplary embodiment of the present inven-
tion, wherein said acid chloride is an aliphatic acid chloride
selected from the group consisting of acetyl chloride, pro-
panoyl chloride, butanoyl chloride, and pentanoyl chloride;
or an aromatic acid chloride selected from the group consist-
ing of benzoyl chloride, p-toluoyl chloride, 4-tert-butylben-
zoyl chloride, and 4-(chloromethyl)benzoyl chloride. Said
acid chloride is present in any one of the compounds repre-
sented by formulae 1, Ia, Ib, Ic, Ic', Id, or Ie.

[0033] In an exemplary embodiment of the present inven-
tion, wherein said acid bromide is an aliphatic acid bromide
selected from the group consisting of acetyl bromide, pro-
panoyl bromide, butanoyl bromide, and pentanoyl bromide;
or an aromatic acid bromide selected from the group consist-
ing of p-toluoyl bromide, 4-tert-butylbenzoyl bromide, and
4-(chloromethyl)benzoyl bromide. Said acid bromide is
present in any one of the compounds represented by formulae
I, Ia, Ib, Ic, I¢', Id, or Ie.

[0034] In an exemplary embodiment of the present inven-
tion, wherein said isocyanate is an aliphatic isocyanate
selected from the group consisting of ethyl isocyanate, iso-
propyl isocyanate, propyl isocyanate, sec-butyl isocyanate,
1-isocyanatobutane, and 2-ethylhexyl isocyanate; or an aro-
matic isocyanate selected from the group consisting of p-tolyl
isocyanate, 4-ethylphenyl isocyanate, and 4-nitrophenyl iso-
cyanate. Said isocyanate is present in any one of the com-
pounds represented by formulae 1, Ia, Ib, Ic, I¢', Id, or Ie.
[0035] 1In an exemplary embodiment of the present inven-
tion, wherein said compound is represented by formula I¢',

Xﬁﬂl}w

NI,

Te/

[0036] In an exemplary embodiment of the present inven-
tion, wherein said compound 1s selected from a group con-
sisting of formulae (i)-(iii),

)
N

e
W A

NH,
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-continued
(if)

(i)

IN

[0037] In a further aspect of the present invention, a com-
position is provided, comprising at least one of the above
mentioned compounds, represented by formulae 1, Ia, Ib, Ic,
Ie', Id, Ie, Ie', (1), (i1), or (iii), and/or solvents.

[0038] In an exemplary embodiment of the present inven-
tion, the solvent comprises an organic solvent selected from
the group consisting of acetone, acetonitrile, tetrahydrofuran,
ethyl acetate, toluene, benzene, methanol, ethanol, 1-pro-
panol, iso-propanol, DMSO, DMF, and halogenated hydro-
carbon solvent.

[0039] In an exemplary embodiment of the present inven-
tion, the solvent further comprises water.

[0040] Inafurtheraspect ofthe present invention, use of the
compound as mentioned above is disclosed, including fabri-
cating conducting polymers for printed electronics devices,
organic light emitting diodes (OLEDs), light emitting diodes
(PLEDs) and organic photovoltaic devices (OPVs) applica-
tions; or preparing light absorbing materials or donor mate-
rials for organic photovoltaic devices (OPVs) applications.
[0041] Ina furtheraspect ofthe present invention, use of the
composition as mentioned above is disclosed, including fab-
ricating conducting polymers for printed electronics devices,
organic light emitting diodes (OLEDs), light emitting diodes
(PLEDs) and organic photovoltaic devices (OPVs) applica-
tions; or preparing light absorbing materials or donor mate-
rials for organic photovoltaic devices (OPVs) applications.
[0042] In a further aspect of the present invention, a con-
ductive polymer is provided, comprising at least a compound
as mentioned above, represented by formulae I, Ia, Ib, Ic, Ic',
1d, Te, Ie', (i), (ii), or (iii).

[0043] In a further aspect of the present invention, a solu-
tion is provided, comprising at least a compound as men-
tioned above, represented by formulae I, Ia, Ib, Ic, I¢', Id, Ie,
Ie', (i), (i1), or (iii), wherein said solution is adapted for using
or making a thin film on a substrate.

[0044] In an exemplary embodiment of the present inven-
tion, the solution is adapted for fabrication of a layer by using
spin coating process or roll-to-roll process; wherein said layer
1s selected from the group consisting of a thin layer ona LED
device as an active layer, a conductive layer for thermal man-
agement, and an active light absorption layer on an organic
photovoltaic solar device.

[0045] In a further aspect of the present invention, an ink
formulation is provided, comprising at least a compound as
mentioned above, represented by formulae I, Ia, Ib, Ic, I¢', Id,
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Te, Ie', (i), (ii), or (iii), wherein said ink formulation is adapted
for using or making a thin film on printed electronic devices.
[0046] In an exemplary embodiment of the present inven-
tion, the solution, the ink formulation is adapted for fabrica-
tion of a layer by using spin coating process or roll-to-roll
process; wherein said layer is selected from the group con-
sisting of a thin layer on a LED device as an active layer, a
conductive layer for thermal management, and an active light
absorption layer on an organic photovoltaic solar device.

BRIEF DESCRIPTION OF FIGURES

[0047] FIG. 1 shows the fabrication process for the NH,-
functionalized polythiophene according to one embodiment
of the present invention. The resulting NH,-functionalized
polythiophene is soluble in organic solvents and is process-
able for reforming and thin film formation for devices.
[0048] FIG. 2 shows the UV-vis absorption spectrum of the
functionalized polythiophene according to the same embodi-
ment of the present invention.

[0049] FIG. 3 shows the UV-vis absorption spectrum of
polythiophene 1 (where R is ethyl).

[0050] FIG. 4 shows the UV-vis absorption spectrum of
polythiophene 2.

[0051] FIG. 5 shows the UV-vis absorption spectrum of
polythiophene 4.

[0052] FIG. 6 shows the UV-vis absorption spectrum of
polythiophene 11.

[0053] FIG. 7 shows the solubility of the NH,-functional-
ized polythiophene obtained according to Example 1 of the
present invention in (A) ethanol, (B) acetone, (C) ethyl
acetate, and (D) toluene.

[0054] FIG. 8 shows the solubility of polythiophene 1 in
(A) methanol, (B) acetonitrile, (C) acetone, (D) chloroform,
and (E) 1,2-dichlorobenzene according to one embodiment of
the present invention

[0055] FIG. 9 shows the solubility of polythiophene 2 in
(A) methanol, (B) acetonitrile, (C) acetone, (D) chloroform,
and (E) 1,2-dichlorobenzene according to one embodiment
190 of the present invention.

[0056] FIG. 10 shows the solubility of polythiophene 4 in
(A) methanol, (B) acetonitrile, (C) acetone, (D) chloroform,
and (E) 1,2-dichlorobenzene according to one embodiment of
the present invention.

[0057] FIG. 11 shows the photoluminescence spectrum of
polythiophene 12 in DMF.

[0058] FIG. 12 shows the photoluminescence spectrum of
polythiophene 13 in DMF.

[0059] FIG. 13 shows the photoluminescence spectrum of
polythiophene 14 in DMF.

[0060] FIG. 14 shows the photoluminescence spectrum of
polythiophene 15 in CHCl,.

[0061] FIG. 15 shows the photoluminescence spectrum of
polythiophene 16 in CHCl,.

[0062] FIG. 16 shows the photoluminescence spectrum of
polythiophene 17 in DCB.

[0063] FIG. 17 shows the photoluminescence spectrum of
polythiophene 18 in CHCl,.

[0064] FIG. 18 shows the photoluminescence spectrum of
polythiophene 19 in CHCI,.

[0065] FIG. 19 shows the J-V characteristics of poly-
thiophenes 15-19 doped with PCBM under illumination.
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[0066] FIG. 20 shows the J-V characteristics of poly-
thiophenes 16, 17,and 19 under dark condition. The hollowed
symbols are the experimental data, while the solid is the fitted
curve of J¢;.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0067] As used herein and in the claims, “comprising”
means including the following elements but not excluding
others.

[0068] The present invention relates to new functionalized
polythiophene compound. In particular, amine group directly
bonds to the thiophene repeating unit of the polythiophene
compound. The amine group allows ease of further function-
alization to prepare new polymer derivatives with different
chemical and physical properties. These new functionalized
polythiophenes and their derivatives can be used for the fab-
rications of organic light emitting diodes (OLEDs), polymer
light emitting diodes (PLEDs), organic photovoltaic devices
(OPVs) and conducting polymers for printed electronic
devices. The amine-functionalized polythiophene is soluble
in commonly used organic solvents including acetone, ethyl
acetate, ethanol, and toluene, etc. The resulting solution
amine-functionalized polythiophene is processable and suit-
able for printing thin-films in the field of printed electronics
and roll-to-roll processing.

[0069] Another aspect of the present invention discloses a
new low-cost methodology to functionalize the native poly-
thiophene through simple and mild chemical processes to
produce new polythiophene compounds. The process is able
to be scaled up for large production. The new compounds are
soluble in common organic solvents including acetone, aceto-
nitrile, tetrahydrofuran, ethyl acetate, chloroform, toluene,
methanol, ethanol, 1-propanol, isopropanol, DMSO, DMF,
other halogenated hydrocarbon solvents and etc.

[0070] The exemplary embodiments of the present inven-
tion are thus fully described. Although the description
referred to particular embodiments, it will be clear to one
skilled in the art that the present invention may be practiced
with variation of these specific details. Hence this invention
should not be construed as limited to the embodiments set
forth herein.

[0071] Fabrication processes are described in Examples
1-9 below. Referring now to FIGS. 1-5, the present invention
discloses the fabrication processes and UV-vis absorption
spectrum of solution processable polythiophene.

Example 1

Fabrication of NH,-Functionalized Polythiophene

[0072]

[0073] 50 ml acetonitrile was cooled in a flask in an ice
bath. 38.44 g of anhydrous FeCl, were added to the flask. 5 g
of thiophene and 20 ml acetonitrile were added to another
flask in a 40° C. water bath. FeCl, solution was added to the
thiophene solution drop by drop. The mixture was kept in a
water bath at 40° C. for overnight. The resulting mixture was
filtered and the dark reddish solid was collected. The solid
was washed with methanol and then water. Reddish brown
solid obtained. The compound was characterized by UV-vis.
The process is summarized in Equation (1) below.

Polymerization of Thiophene
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e8]
S FeCls (4 equiv) S
\\ // CH;ON \ /
40°C, 124 n

[0074] Observation: Solid is not soluble ethanol, ethyl
acetate, acetone, etc. It is slightly soluble in hot dichloroben-
zene.

Step 1: Nitration of Polythiophene to
NO,-polythiophene (NO,-PT)

[0075] HNO, (8 ml) and H,S0, (20 ml) were put in an ice
bath for 30 min. The two acids and 3 ml H,O were added to a
flask with stirring in an ice bath and was kept for 30 min.
Polythiophene (1 g) was added to the flask slowly. The mix-
ture was then heated to 50° C. for 4 h after all solids were
dissolved. The reaction mixture was then cooled to room
temperature and then was poured to a beaker with ice-water
slowly. Reddish brown precipitates were formed and the solid
was filtered out. The compound was characterized by UV-vis.
The process is summarized in Equation (2) below.

5 HNO;, K>S0, S
[
\ / B0 \ /
. 50°C, 4h "
NO,

[0076] Observation: Reddish brown solid collected which
was highly soluble in EtOH and acetone.

Step 2: Reduction of NO,-Polythiophene to
NH,-Polythiophene

[0077] NO,-PT (0.2 g), Fe powder (0.3 g), CaCl, (0.2 g),
EtOH (10 ml), and H,O (0.5 ml) were added to a flask. The
mixture was stirred and heated to 78° C. for 2.5 h. The mixture
was then cooled to room temperature and the reaction mixture
was filtered. The filtrate was collected, extracted with ethyl
acetate and then was washed with water. The organic phase
was collected and recrystallized. Black solid was obtained.
The compound was characterized by UV-vis, which is shown
in FIG. 2, whereas the solubility test results are shown in FIG.
7.

[0078] Observation: Black solid collected which was
soluble in ethanol, ethyl acetate, and acetone.

Example 2

Fabrication of Polythiophene 1

[0079] Step 1: Modification of Thiophene-3-Ethanol with
Various Acyl Chlorides (where R can be any Alkyl Chains
Comprising Methyl, Ethyl, Propyl, i-Propyl, Butyl, Etc.)
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R Cl
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Et;N, CHCl3
L Y
OH 9]
OJ\
R
[0080] Procedures:
[0081] 1.1.0 mlofthiophene-3-ethanol was placed with 30

ml of CHCl;, 4.96 ml of triethylamine and was cooled in
ice-bath.

[0082] 2. 3.1 ml of propionyl chloride was added to
thiophene solution dropwise for 15 min.

[0083] 3.Themixture was stirred at 0-2° C. for 2 h and then
stirred at room temperature for 10 h and subsequently washed
with DI water to obtain the product.

[0084] The process is summarized in Equation (3) above.
[0085] Step 2: Synthesis of Polythiophene 1 (where R can
be any Alkyl Chains Comprising Methyl, Ethyl, Propyl,
i-Propyl, Butyl, Etc.)

@

S FeCl; (4 equiv) S
L] e U
rt,12h d
0] o]
. e
R R

[0086] Procedures:

[0087] 1. 50 ml acetonitrile was cooled in an ice-bath.
FeCl, (6.8 g, 41.8 mmol) was added to the flask with stirring.
[0088] 2.2-(3-Thienyl)ethyl propanoate (1.9 g, 10.4 mmol)
was dissolved in 20 mL acetonitrile and the solution was
added to a dropping funnel.

[0089] 3. The 2-(3-Thienyl)ethyl propancate solution
(monomer) was added to the cooled FeCl; solution dropwise
for a period of 0.5 h.

[0090] 4.The mixture was stirred at 0-2° C. for 2 h and then
stirred at room temperature for 10 h.

[0091] 5. The precipitate was filtrated and washed with DI
water and MeOH.

[0092] 6. The precipitate was poured into 12.5% of ammo-
nium solution and stirred overnight at room temperature.
[0093] 7. The precipitate was filtrated and washed with DI
water and MeOH. The collected precipitate was poured into
an aqueous solution of EDTA (pH=8) and stirred overnight at
room temperature.
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[0094] 8. The precipitate was then filtrated and washed with
DI water and MeOH.

[0095]

[0096] The UV-vis spectrum of polythiophene 1 obtained is
shown in FIG. 3, whereas the solubility test results are shown
in FIG. 8 and summarized in Table 1 below, in which the R
group is ethyl group in this specific embodiment of poly-
thiophere 1.

The process is summarized in Equation (4) above.

[0097] As observed from Table 1, polythiophene 1 is
soluble in acetone, chloroform, and 1,2-dichlorobenzene.
TABLE 1
Sample Solvent Solubility, g/ml at 23° C.
A Methanol Insoluble
B Acetonitrile Insoluble
C Acetone 0.43 mg/mL
D Chloroform 0.93 mg/mL
E 1,2-Dichlorobenzene 1.03 mg/mL
Example 3
Fabrication of Silyl-Polythiophene
[0098] Step 1: Modification of Thiophene-3-Ethanol with

Various Silyl Chlorides ((R),—Si—Cl, where R', R?, and R?
can be any Alkyl Chains Comprising Methyl, Ethyl, Propyl,
i-Propyl, Butyl, Etc.)
0—"
[0099] Procedures:
1. Imidazole (4.9 g, 73.0 mmol) was added to a
solution of 6.0 g (21.0 mmol) of 2-hydroxyethylthiophene in

[0100]
60 mL of DMF, and the resulting mixture was stirred at room
temperature for 15 min.

[0101] 2. The reaction was followed by addition of 5.2 g
(34.4 mmol) of silyl chlorides in 10 mL of DMF.

[0102] 3. The reaction mixture was stirred for 16 h at room
temperature, and then was poured into a water-ice solution.
The solution was extracted with hexane (360 mL). The
organic fraction is washed with water and dry over Na,SO,.

[0103] 4. Concentration in vacuum affords crude product
which was purified by column chromatography on silica gel
as colorless oil.

[0104] The process is summarized in Equation (5) above.

[0105] Step 2: Synthesis of Silyl-Polythiophene (where R
can be any Alkyl Chains Comprising Methyl, Ethyl, Propyl,
i-Propyl, Butyl, Etc.)

®)
Rl
1/ R?

l—Sl—R2

imidazole, DMF 25°C
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[0115] 7. The precipitate was filtrated and washed with DI
water and MeOH. The collected precipitate was then poured
(6 into an aqueous solution of EDTA (pH=8) and stirred over-

R! R! night at room temperature.
/_w /_x
S R3 o ASIZ . [0116] 8. The precipitate was filtrated and washed with DI
water and MeOH.

[0117] The process is summarized in Equation (7) above.
The UV-vis spectrum of polythiophene 2 obtained was shown
in FIG. 4.

[0118] TheUV-visspectrum of polythiophene 2 obtained is
S S shown in FIG. 4, whereas the solubility test results are shown
! in FIG, 9 and summarized in Table 2 below, in which the R
groupis methyl group, nis greater than 1 and m is greater than
[0106] The polymerization procedure was the same as 1.
described in step 2 in Example 2. The process is summarized

in Equation (6) above. [0119] As observed from Table 2, polythiophene 2 is

soluble in acetone, chloroform, and 1,2-dichlorobenzene.

Example 4
TABLE 2
Fabrication of New Polythiophene with
Mixed-Blocks Test number Solvent Solubility, mg/ml at 23° C.

[0107] 4.1 Synthesis of Polythiophene 2 Using Thiophene A Methanol Insoluble
Monomer (A) and 3-Alkyl-Substituted Thiophene Monomer B Acetonitrile Insoluble
(B) (where R can be any Alkyl Chains Comprising Methyl, c Acetone 0.07 mg/mL
Ethyl, Propyl, i-Propyl, Butyl, E'[C.) D Chloroform 0.57 mg/mL

E 1,2-Dichlorobenzene 0.83 mg/mL

M [0120] 4.2 Polymerization Using Thiophene Monomer (A)

S S .
N FeCl3 (4 equiv) and Thiophene-3-Ethanol Monomer (B)
L) () e
A R

rt, 12h
B ®
FeCls (4 equiv)
mole ratio of A to s ——
B=21 CH;CN;
rt,12h

OH

[0108] Procedures:

[0109] 1. 50 ml acetonitrile was cooled in an ice-bath.
FeCl, (5.3 g 32.8 mmol) was added to the flask with stirring.
[0110] 2. Thiophene A (444 ul, 5.54 mmol) and 3-meth-
ylthiophene (268 ul, 2.77 mmol) B were dissolved in 20 mL
of acetonitrile and added to a dropping funnel.

[0111] 3. The solution of the mixed thiophene monomers
was added to FeCl; solution dropwise for a period of 0.5 h.
[0112] 4.The mixture was stirred at 0-2° C. for 2 h and then
stirred at room temperature for 10 h.

[0113] 5. The precipitate was filtrated and washed with DI [0122] 4.3 Synthesis Using Thiophene Monomer (A) and
water and MeOH. Thiophene-3-Ethyl-Ester Monomer (B) (Referring to Step 1
[0114] 6. The precipitate was poured into 12.5% of ammo- in Example 2, where R can be any Alkyl Chains Comprising
nium solution and stirred overnight at room temperature. Methyl, Ethyl, Propyl, i-Propyl, Butyl, Etc.)

[0121] The polymerization procedure was the same as
described in section 4.1 in Example 4. The process is sum-
marized in Equation (8) above.
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©®
S S FeCl; (4 equiv)
() ) o=
rt,12h
A
(0]
0/4
R
B

[0123] The synthesis procedure was the same as described
in section 4.1 in Example 4. The process is summarized in
Equation (9) above.

[0124] 4.4 Synthesis Using Thiophene Monomer (A) and
Thiophene-3-Ethyl-Silyl Monomer (B) (Referring to Step 1
in Example 3, where R', R?, and R? can be any Alkyl Chains
Comprising Methyl, Ethyl, Propyl, i-Propyl, Butyl, Etc.)

(10)

FeCl; (4 equiv)
+
\\ // \ / CH,CN;
rt,12h
A
O
v
RI-
L
B
[0125] The synthesis procedure was the same as described

in section 4.1 in Example 4. The process is summarized in
Equation (10) above.
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Example 5

Synthesis using polythiophene and
2,7-dibromo-9,9-dioctylfluorene

[0126] Step 1: Synthesis of Polythiophene 3
an
g FeCls (4 equiv) g
CH;CN;

\; /; rt, 12h \ /

(65%)
[0127] Procedures:
[0128] 1.50 macetonitrile was cooled in an ice-bath. FeCl,

(5.3 g, 32.8 mmol) was added to the flask with stirring.
[0129] 2. Thiophene monomer (660 ul, 8.31 mmol) was
dissolved in 20 mL acetonitrile and then was added to a
dropping funnel.

[0130] 3. The solution of the thiophene monomer was
added to FeCl, solution dropwise in a period of 0.5 h.
[0131] 4.Themixture was stirred at 0-2° C. for 2 hand then
stirred at room temperature for 10 h.

[0132] 5. The precipitate was filtrated and washed with DI
water and followed by MeOH.

[0133] 6. The precipitate was poured into 12.5% of ammo-
nium solution and was stirred overnight at room temperature.
[0134] 7. The precipitate was filtrated and washed with DI
water and then MeOH. The collected precipitate was poured
into an aqueous solution of EDTA (pH=8) and stirred over-
night at room temperature.

[0135] 8. The precipitate was filtrated and washed with DI
water and MeOH.

[0136] The process is summarized in Equation (11) above.
[0137] Step 2: Coupling Reaction of Polythiophene 3

(where the Repeating Unit, n, is Greater than 6) with 2,7-
Dibromo-9,9-Dialkylfluorene (where R' can be n-Alkyl
Chain Comprising: R'—C¢H, ;, or CgH,-, or C,,H,) or 2,7-
Dibromofluorene (where R'—H)

(12)

Pd(OAc); (2 mol %)
K,CO;3 (2.5 equiv)

pivalic acid (20 mol %)
DMAc, 120°C., 1d, N,

Csllj7  Csllys
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[0138] Procedures:

[0139] 1. A mixture of Pd(OAc), (2 mg), pivalic acid (10
uL), K,CO; (87 mg), 2,7-dibromo-9,9-dioctylfluorene (137
mg), polythiophene 3 (124 mg) were stirred in dimethylac-
etamide for 1 d at 120° C. under nitrogen.

[0140] 2. After cooling to room temperature, the mixture
was poured into an aqueous solution of EDTA (pH=8).

[0141] 3. The suspension was stirred overnight at room
temperature.
[0142] 4. The precipitate was filtrated and washed with 0.1

M HCI, then followed by DI water, MeOH and hexane suc-
cessively.

[0143] 5. The precipitate was dissolved in CHCl; and the
solution was filtrated to remove the insoluble matters.
[0144] 6.TheRe-precipitation in CHCl;/MeOH solution to
obtain the product.

[0145] The process is summarized in Equation (12) above.
The UV-vis spectrum of polythiophene 4 obtained was shown
in FIG. 5. The UV-vis spectrum of polythiophene 4 obtained
is shown in FIG. 5, whereas the solubility test results are
shown in FIG. 10 and summarized in Table 3 below in which
n is greater than 6 in this specific embodiment of poly-

thiophene 4.
[0146] As observed from Table 3, polythiophene 4 is
soluble in acetone, chloroform, and 1,2-dichlorobenzene.
TABLE 3
Test number Solvent Solubility, g/ml at 23° C.

A Methanol Insoluble

B Acetonitrile Insoluble

C Acetone 0.07 mg/mL

D Chloroform 0.20 mg/mL

E 1,2-Dichlorobenzene 0.37 mg/mL

Example 6

Synthesis using 3-substituted polythiophene and 2.7-
dibromo-9,9-dialkylfluorene (where R' can be
n-alkyl chain comprising: R—C.H, ;, or C;H, -, or
C,,H,5) or 2,7-Dibromofluorene (where R'—H)

[0147]

(13)
S FeCl; (4 equiv) S
- =

CH;CN;
ot 121

R R
Pd(OAc); (2 mol %)
K;CO3 (2.5 equiv)

pivalic acid (30 mol %)
DMAc, 120°C.,, 1 d. N,

R R
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[0148] Step 1: Synthesis of 3-Substituted Polythiophene 5
(where the Repeating Unit, n, is Greater than 1.

(14)

S
FeCly (4 equiv)
\ / TCHCNs
rt, 12h
OH
[0149] Procedures:
[0150] 1. 50 ml acetonitrile was cooled in an iced-bath.

FeCl; (5.8 g, 35.7 mmol) was added to the flask with stirring.

[0151] 2. Thiophene-3-ethanol monomer (1.0 mL, 8.9
mmol) was dissolved in 20 mL acetonitrile and added to a
dropping funnel.

[0152] 3. The thiophene solution was added to FeCl, solu-
tion dropwise over a period of 0.5 h.

[0153] 4. Themixture was stirred at 0-2° C. for 2 h and then
stirred at room temperature for 10 h.

[0154] 5. The precipitate was filtrated and washed with DI
water and MeOH.

[0155] 6. The precipitate was poured into 12.5% of ammo-
nium solution and stirred overnight at room temperature.

[0156] 7. The precipitate was filtrated and washed with DI
water and MeOH. The precipitate was poured into an aqueous
solution of EDTA (pH=8) and stirred overnight at room tem-
perature.

[0157] 8. The precipitate was filtrated and washed with DI
water and MeOH.

[0158]

[0159] Step 2: Coupling reaction of polythiophene 5
(where the repeating unit, n, is greater than 1) with 2,7-
dibromo-9,9-dialkylfluorene (Where R' can be n-alkyl chain
comprising: R—C.H, ;, or C;H, ,, or C,,H,;) or 2,7-Dibro-
mofluorene (where R'—H)

The process is summarized in Equation (14) above.

(15

Pd(OAc); (2 mol %)
KyCO3 (2.5 equiv)

pivalic acid (30 mol %)
DMAg, 120°C., 1d, N,
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-continued

[0160] Procedures:

[0161] 1. A mixture of Pd(OAc), (2 mg), pivalic acid (10
uL), K,CO; (87 mg), 2,7-dibromo-9,9-dioctylfluorene (137
mg), polythiophene 5 (124 mg) were stirred in dimethylac-
etamide for 1 d at 120° C. under N,.

[0162] 2. After cooling to room temperature, the mixture
was poured into an aqueous solution of EDTA (pH=8).

[0163] 3. The suspension was stirred overnight at room
temperature.
[0164] 4. The precipitate was filtrated and washed with 0.1

M HCI, DI water, MeOH and hexane.

[0165] 5. The precipitate was dissolved in CHCI; and the
solution was filtrated to remove the insoluble material.
[0166] 6. Re-precipitation in a CHCl;/MeOH solution to
result in the product of polythiophene 6.

[0167] The process is summarized in Equation (15) above.

Example 7

Synthesis using 3-substituted polythiophene (where
R can be any alkyl chains comprising methyl, ethyl,
propyl, i-propyl, butyl, etc.) with 2.7-dibromo-9,9-
dialkylfluorene (where R' can be n-alkyl chain com-
prising: R—=C.H, 5, or C;H, ., or C,,H,5) or 2,7-
Dibromofluorene (where R'—H)

[0168]

(16)
S

\ /|

Pd(OAc); (2 mol %)
KyCO3 (2.5 equiv)

pivalic acid (30 mol %)
DMAg, 120°C., 1 d. Ny
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-continued

[0169] Procedures:

[0170] 1. A mixture of Pd(OAc), (2 mg), pivalic acid (10
uL), K,CO; (87 mg), 2,7-dibromo-9.9-dioctylfluorene (137
mg), polythiophene 7 (124 mg) were stirred in dimethylac-
etamide for 1 d at 120° C. under N,.

[0171] 2. After cooling to room temperature, the mixture
was poured into an aqueous solution of EDTA (pH=8).

[0172] 3. The suspension was stirred overnight at room
temperature.
[0173] 4. The precipitate was filtrated and washed with 0.1

M HCI, DI water, MeOH and hexane.

[0174] 5. The precipitate was dissolved in CHCI; and the
solution was filtrated to remove the insoluble material.

[0175] 6. Re-precipitation in a CHCl;/MeOH solution to
result in the product of polythiophene 8.

[0176] The process is summarized in Equation (16) above.

Example 8

Synthesis Using New Mix-Block Polythiophene with
2,7-Dibromo-9,9-Dialkylfluorene (where R' can be
n-Alkyl Chain Comprising: R"—C.H, ;, or C;H,,, or
C,,H,5) or 2,7-Dibromofluorene (where R—H)

[0177] 8.1 Reaction of the New Mix-Block Polythiophene
(Referring to Product of Example 4, where R can be any Alkyl
Chains Comprising Methyl, Ethyl, Propyl, i-Propyl, Butyl,
Etc.) and 2,7-Dibromo-9,9-Dialkylfluorene (where R' can be
n-Alkyl Chain Comprising: R—CH,5,0r CgH,,,0rC,,H,5)
or 2,7-Dibromofluorene (where R'—=H).

0Q

an

FeCl3 (4 equiv)

CH3CN3
rt,12h
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-continued
RV
Pd(OAc); (2 mol %)
. KyCO3 (2.5 equiv)
Br B pivalic acid (30 mol %)
DMAc, 120°C., 1 d, N,

[0178] The process is summarized in Equation (17) above
in which polythiophene 11 is obtained.

[0179] The UV-vis spectrum of a specific embodiment of
polythiophene 11, in which R group is methyl, n is greater
than 1, and m is greater than 1, is shown in FIG. 6.

[0180] 8.2 Reaction of the new mix-block polythiophene
(refer to the product of Example 4) and 2,7-dibromo-9,9-
dialkylfluorene (Where R' can be n-alkyl chain comprising:
R'—C.H,;, or C;H,,, or C,,H,s) or 2,7-Dibromofluorene
(where R'—H).

[0181]

The process is summarized in Equation (18) above.

(13

Pd(OAc); (2 mol %)
K,CO;5 (2.5 equiv)

pivalic acid (30 mol %)
DMAe, 120°C., 1 d, N,

[0182] 8.3 Reaction of the New Mix-Block Polythiophene
(Referring to the Product of Example 4, where R can be any
Alkyl Chains Comprising Methyl, Ethyl, Propyl, i-Propy],
Butyl, Etc.) with 2,7-Dibromo-9,9-Dialkylfluorene (where R’
can be n-Alkyl Chain Comprising: R—CH, ;, or CgH, ,, or
C,,H,s) or 2,7-Dibromofluorene (where R'—H).
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(19

R R
Pd(OAc); (2 mol %)
. K,CO; (2.5 equiv)
Br Br pivalic acid (30 mol %)
DMAc, 120°C., 1d, N,

[0183]

[0184] 8.4 Reaction of the New Mix-Block Polythiophene
(Referring to the Product of Example 4, where R*, R?, and R?
can be any Alkyl Chains Comprising Methyl, Ethyl, Propyl,
1-Propyl, Butyl, Etc.) with 2,7-Dibromo-9,9-Dialkylfluorene
(where R’ can be n-Alkyl Chain Comprising: R'—CH, ,, or
CgH,,, or C,,H,5) or 2,7-Dibromofluorene (where R'—H).

The process is summarized in Equation (19) above.

(20)

Pd(OAc); (2 mol %)
KyCO3 (2.5 equiv)

Br pivalic acid (30 mol %)
DMAg, 120°C., 1d, N,
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-continued
R2 R3

[0185] The process is summarized in Equation (20) above.
Example 9
Synthesis Using New Polythiophene (where R can

be any Alkyl Chains Comprising Methyl, Ethyl,
Propyl, i-Propyl, Butyl, Etc.) with Benzothiadiazole

(BD)
[0186]
21
8 FeCl; (4 equiv) §
SRR .
\ / CHyON; \ /
tt,12h .
R R
$
N
\ / Pd(OAC); (2 mol %)
K,CO3 (2.5 equiv)
Br Br

pivalic acid (30 mol %)
DMAc, 120°C.,1d, N

_ -
N/\N
\ ]
S

\_J

[0187] 9.1 Coupling Reaction of New Polythiophene 5 with
Benzothiadiazole (BT) to Synthesize Polythiophene 9

22
S

Wi

OH
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-continued
S
PN
N N
\ / Pd(OAc); (2 mol %)
K,CO3 (2.5 equiv)
Br Br

pivalic acid (30 mol %)
DMAc, 120°C.,1d, N,

[0188] Procedures:

[0189] 1. A mixture of Pd(QAc), (2 mg), pivalic acid (10
ul), K,CO; (87 mg), benzothiadiazole (137 mg), poly-
thiophene 5 (124 mg) were stirred in dimethylacetamide for 1
dat 120° C. under N,.

[0190] 2. After cooling to room temperature, the mixture
was poured into an aqueous solution of EDTA (pH=8).
[0191] 3. The suspension was stirred overnight at room
temperature.

[0192] 4. The precipitate was filtrated and washed with 0.1
M HCI, DI water, MeOH and hexane.

[0193] 5. The precipitate was dissolved in CHCI; and the
solution was filtrated to remove the insoluble material.
[0194] 6. Re-precipitation in a CHCl;/MeOH solution to
result in the product of polythiophene 9.

[0195] The process is summarized in Equation (22) above.
[0196] 9.2 Coupling Reaction of New Polythiophene 7
(where R can be any Alkyl Chains Comprising Methyl, Ethyl,

Propyl, i-Propyl, Butyl, Etc.) with Benzothiadiazole (BT) to
Synthesize to Synthesize Polythiophene 10

S

\

0]
of\/
R
7
S
N/ \N
\ / Pd(OAc); (2 mol %)
K,CO5 (2.5 equiv)
Br Br

pivalic acid (30 mol %)
DMAg, 120°C., 14, N,
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-continued

[0197] Procedures:

[0198] 1. A mixture of Pd(OAc), (2 mg), pivalic acid (10
uL), K,CO, (87 mg), benzothiadiazole (137 mg), poly-
thiophene 7 (124 mg) were stirred in dimethylacetamide for 1
dat 120° C. under N,.

[0199] 2. After cooling to room temperature, the mixture
was poured into an aqueous solution of EDTA (pH=8).

[0200] 3. The suspension was stirred overnight at room
temperature.
[0201] 4. The precipitate was filtrated and washed with 0.1

M HCI, DI water, MeOH and hexane.

[0202] 5. The precipitate was dissolved in CHCl; and the
solution was filtrated to remove the insoluble material.

[0203] 6. Re-precipitation in a CHCl,/MeOH solution to
result in the product of polythiophene 10.

[0204]

[0205] 9.3 Coupling Reaction of New Polythiophene
(where R', R?, and R? can be any Alkyl Chains Comprising
Methyl, Ethyl, Propyl, i-Propyl, Butyl, Etc.) with Benzothia-
diazole (BT)

The process is summarized in Equation (23) above.

24

Pd(OAc); (2 mol %)
K>CO3 (2.5 equiv)
Br

pivalic acid (30 mol %)
DMAc, 120°C., 14, N,

12
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-continued
[0206] The process is summarized in Equation (24) above.
[0207] Referring now to FIGS. 7(A), 7(B), 7(C), and 7(D),

the solubility tests of the polythiophene compounds of the
present invention demonstrate that the new compounds are
soluble in ethanol, acetone, ethyl acetate, and toluene.

Example 10

Study on the Solubility of NH,-Functionalized
Polythiophene in Ethanol

[0208] A reddish brown solid sample of NH,-functional-
ized polythiophene (15 mg) was put into a glass bottle and 2
ml of ethanol was added to dissolve the compound at room
temperature. A deep reddish-brown homogeneous solution
was obtained as shown in FIG. 7 (A). The test demonstrated
that NH,-functionalized polythiophene is soluble in ethanol.

Example 11

Study on the Solubility of NH,-Functionalized
Polythiophene in Acetone

[0209] A reddish brown solid sample of NH,-functional-
ized polythiophene (15 mg) was put into a glass bottle and 2
ml of acetone was added to dissolve the compound at room
temperature. A deep reddish-brown homogeneous solution
was obtained as shown in FIG. 7 (B). The test demonstrated
that NH,-functionalized polythiophene is soluble in acetone.

Example 12

Study on the Solubility of NH,-Functionalized
Polythiophene in Ethyl Acetate

[0210] A reddish brown solid sample of NH,-functional-
ized polythiophene (10 mg) was put into a glass bottle and 2
ml of ethyl acetate was added to dissolve the compound at
room temperature. A reddish-brown homogeneous solution
was obtained as shown in FIG. 7 (C). The test demonstrated
that NH,-functionalized polythiophene is soluble in ethyl
acetate.
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Example 13

Study on the Solubility of NH,-Functionalized
Polythiophene in Toluene

[0211] A reddish brown solid sample of NH,-functional-
ized polythiophene (5 mg) was put into a glass bottle and 2 ml
of toluene was added to dissolve the compound at room
temperature. A reddish-brown homogeneous solution was
obtained as shown in FIG. 7 (D). The test demonstrated that
NH,-functionalized polythiophene is soluble in toluene.
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Example 14

Study on the Potential Application of Polythiophenes
for Electroluminescent Devices, Such as Organic
Light Emitting Diode and Polymer Light-Emitting
Diode
[0212] All of the polythiophenes in Table 4 were readily
dissolved in DMF, chloroform or dichlorobenzene, and were
filtered by 0.45 um PTFE filter. They display photolumines-
cence at room temperature under ambient condition when
they are excited at their respective absorption bands and the
maximum fluorescence peaks are found in the range of 505 to

630 nm.

TABLE 4

Excitation Emission

wavelength ~ wavelength

Polythiophene Chemical structure Solvent  (nm), A, (nm), A,
12 N DMF 500 588
n
NH
o#
13 S DMF 480 512,630
a
/
S
14 S DMF 430 559

15

CHCl, 470 505
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TABLE 4-continued
Excitation Emission
wavelength ~ wavelength
Polythiophene Chemical structure Solvent  (nm), A, (nm), h,,,
16 S CHCl, 470 570
17 S DCB 420 562
18 CHCl, 470 550
19 CHCl,4 470 580, 613
[0213] Polythiophene 14-19 emit green lightin therange of ~ or other polythiophenes of the present invention, could be

505 nm to 570 nm. Polythiophene 12 shows yellow emission
color at 588 nm while polythiophene 13 exhibits green and
red light emission with two peaks at 512 nm and 630 nm
respectively. Polythiophene 19 shows emission color in the
range from yellow to orange at 580 nm to 613 nm.

[0214] Similar polythiophene materials were previously
shown to fabricate high efficient electroluminescent devices
(I F. Perepichka, et al., 2005; G. G. Malliaras, et al., 1993
J.-L. Bredas, et al., 1983; F. Chen, et al., 1996; M. Pomerantz,
etal., 1999). Thus polythiophenes 12-19 as shown in Table 4,

used in fabricating high efficient electroluminescent devices.
[0215] The photoluminescence spectra of polythiophenes
12-19 obtained are shown in FIGS. 11-18.

Example 15

Study on the Potential Application of Polythiophenes
16, 17, and 19 for Fabricating Organic Photovoltaic
Solar Cells, Transistor or Other Conducting Devices

[0216] For photovoltaic (PV) measurements, the structure
of fabricated device is ITO/PEDOT:PSS (30 nm)/Polymer:
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PCBM (1:1 wt %)/LiF (1 nm)/Al(120 nm) and the active area
is 0.16 cm?. The J-V characteristic under illumination is
plotted in FIG. 19 and the PV parameters are summarized in
Table 5. All of the polythiophenes have shown the PV char-
acteristics, and so it is proven that the selected polythiophenes
are the potential materials for PV cells fabrication.

TABLE 5

Thickness Voc Jsc FF PCE

Polythiophene (nm) W) (mA/em?) (%) (%)

15 162 0.97 0.69 41.0 0.3

16 55 0.91 191 30.6 0.5

17 118 0.63 0.33 28.0 0.1

18 127 0.68 0.37 284 0.1

19 65 0.98 0.45 22.9 0.1
[0217] To investigate the conductivity (a) of synthesized

polythiophene, mobility (p) determination should be the most
directly method according to the following equation:

o=nqp,

where n is the carrier concentration and q is the elementary
charge.

[0218] In the study, J-V measurement in dark condition is
employed for 16, 17 and 19 with theunipolar device structure,
ITO/PEDOT:PSS (30 nm)/Polymer/Al (100 nm). The J-V
characteristics are shown in FIG. 10. The hollowed symbols
are the experimental data, while the solid lines are the fitted
curve of space-charge-limited current (J.,). The mobility
() can then be obtained from the fitting parameters in the
following equation:

9B
= gHe—s

[0219] where € is permittivity, E is electric field and d is the
device thickness.

[0220] The results are summarized in Table 6. It shows
clearly that polythiophenes 16, 17 and 19 are conducting
polythiophenes with the magnitude between 1x1077 to
1x107° cm?Vs. Therefore, all these investigated poly-
thiophenes can be used for the fabrication of transistor or
other conducting devices.

TABLE 6
Polythiophene Thickness (nm) Mobility (cm?/Vs)
16 255 8.49x 1077
17 152 1.34x 107¢
19 173 1.64x 1077

What is claimed is:
1. A compound of formula [,

R

X [\R'/m\\ //k]nX
S
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wherein

X is selected from the group consisting of hydrogen, bro-
mine, chlorine, and methyl group;

m is equal to or great than zero;

kis equal to or great than one;

nis equal to or great than one;

R is NR'R?, or selected from the group consisting of
hydrogen, alkoxy group, and substituted alkoxy group;
and

wherein

R and R? are independently selected from the group con-
sisting of hydrogen, aldehyde, acid chloride, acid bro-
mide, and isocyanate; and

R' is selected from the group consisting of aryl, and sub-
stituted aryl.

2. The compound according to claim 1, wherein said com-

pound is represented by formula Ia,

wherein

Ris NR'R? or an alkoxy group, said alkoxy group is further
selected from the group consisting of propanols,
butanols, pentanols, hexanols, ethyl formate, substituted
ethyl formate, ethoxy silane, and substituted ethoxy
silane.

3. The compound according to claim 1, wherein said com-

pound is represented by formula Ib,

Ib

wherein
Ris NR'R? or an alkoxy group, said alkoxy group is further
selected from the group consisting of ethanol, substi-
tuted ethanol, ethyl formate, substituted ethyl formate,
ethoxy silane, and substituted ethoxy silane.
4. The compound according to claim 1, wherein said com-
pound is represented by formula Ic,

wherein

R" is hydrogen or alkyl chain comprising C;H, 5, CiH, -,
and C,,H,s; and

RisNR'R? or an alkoxy group, said alkoxy group is further
selected from the group consisting of ethanol, substi-
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tuted ethanol, ethyl formate, substituted ethyl formate,
ethoxy silane, and substituted ethoxy silane.

5. The compound according to claim 1, wherein said com-
pound is represented by formula Ic',

Ic/

wherein

m' is equal or greater than one;

R* is selected from the group consisting of ethanol, sub-
stituted ethanol, ethyl formate, substituted ethyl for-
mate, ethoxy silane, and substituted ethoxy silane; and

R" is hydrogen or alkyl chain comprising C,H, 5, CgH, -,
and C,,H,s.

6. The compound according to claim 1, wherein said com-

pound is represented by formula Id,

d

wherein
RisNR'R? or an alkoxy group, said alkoxy group is further
selected from the group consisting of ethanol, substi-
tuted ethanol, ethyl formate, substituted ethyl formate,
ethoxy silane, and substituted ethoxy silane.
7. The compound according to claim 1, wherein said com-
pound is represented by formula Ie,

wherein

m is equal or great than one; and

R? and R* are independently selected from the group con-

sisting of hydrogen, aldehyde, acid chloride, acid bro-
mide, and isocyanate.

8. The compound according to anty one of claim 1, wherein
said aldehyde is an aliphatic aldehyde selected from the group
consisting of acetaldehyde, propionaldehyde, butyraldehyde,
and valeraldehyde; or
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an aromatic aldehyde selected from the group consisting of
cinnamaldehyde.

9. The compound according to any one of claim 1, wherein
said acid chloride is an aliphatic acid chloride selected from
the group consisting of acetyl chloride, propanoyl chloride,
butanoyl chloride, and pentanoyl chloride: or

an aromatic acid chloride selected from the group consist-
ing of benzoyl chloride, p-toluoyl chloride, 4-tert-butyl-
benzoyl chloride, and 4-(chloromethyl)benzoyl chlo-
ride.

10. The compound according to any one of claim 1,
wherein said acid bromide is an aliphatic acid bromide
selected from the group consisting of acetyl bromide, pro-
panoyl bromide, butanoyl bromide, and pentanoyl bromide;
or

an aromatic acid bromide selected from the group consist-
ing of p-toluoyl bromide, 4-tert-butylbenzoyl bromide,
and 4-(chloromethyl)benzoyl bromide.

11. The compound according to any one of claim 1,
wherein said isocyanate is an aliphatic isocyanate selected
from the group consisting of ethyl isocyanate, isopropyl iso-
cyanate, propyl isocyanate, sec-butyl isocyanate, 1-isocyana-
tobutane, and 2-ethylhexyl isocyanate; or

an aromatic isocyanate selected from the group consisting

of p-tolyl isocyanate, 4-ethylphenyl isocyanate, and
4-nitrophenyl isocyanate.

12. The compound according to claim 7, wherein said
compound is represented by formula Ie',

Te/
NH,

; |
Xﬁ{|/ - /}ﬁk—)n—X

S

NH,

13. The compound according to claim 12, wherein said
compound is selected from a group consisting of formulae

(1)-(iid)

0

(i)
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-continued
(iif)
NH,

/\ 5S¢ LX
A &

N

14. A composition comprising at least a compound accord-
ing to any one of claim 1 and 13 admixed with a solvent.

15. The composition according to claim 14, wherein said
solvent comprises an organic solvent selected from the group
consisting of acetone, acetonitrile, tetrahydrofuran, ethyl
acetate, toluene, benzene, methanol, ethanol, 1-propanol, iso-
propanol, DMSO, DMF, and halogenated hydrocarbon sol-
vent.

16. The composition according to claim 15, wherein said
solvent further comprises water.

17. A conductive polymer comprising at least a compound
according to any one of claims 1 and 13.
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18. A solution comprising at least a compound according to
any one of claims 1 and 13, wherein said solution is adapted
for using or making a thin film on a substrate.

19. The solution according to claim 18, wherein said solu-
tion is adapted for fabrication of a layer by using spin coating
process or roll-to-roll process; wherein said layer is selected
from the group consisting of a thin layer on a LED device as
an active layer, a conductive layer for thermal management,
and an active light absorption layer on an organic photovol-
taic solar device.

20. An ink formulation comprising at least a compound
according to any one of claims 1 and 13, wherein said ink
formulation is adapted for using or making a thin film on
printed electronic devices.

21. The ink formulation according to claim 20, wherein
said ink formulation is adapted for fabrication of a layer by
using spin coating process or roll-to-roll process; wherein
said layer is selected from the group consisting of a thin layer
on a LED device as an active layer, a conductive layer for
thermal management, and an active light absorption layer on
an organic photovoltaic solar device.

L S T T
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