(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Burcau

(43) International Publication Date
27 February 2003 (27.02.2003) PCT

(10) International Publication Number

WO 03/016430 Al

(51) International Patent Classification”: CO9K 11/06,
HO5B 33/14

(21) International Application Number: PCT/KR02/01514
(22) International Filing Date: 8 August 2002 (08.08.2002)

(25) Filing Language: English

74

(26) Publication Language: English 81)

(30) Priority Data:
2001-0049386 16 August 2001 (16.08.2001) KR

(71) Applicants (for all designated States except US): ILJIN
DIAMOND CO., LTD. [KR/KR]; 614-2, Oryu-ri,
Daeso-myun, Eumsung-gun, 369-824 Chungcheong-
buk-do (KR). KOREA ADVANCED INSTITUTE OF

Gusung-dong, Yuseong-gu, 305-701 Daejeon (KR).

(72) Inventors; and

(75) Inventors/Applicants (for US only): CHO, Nam
Sung [KR/KR]; 171, 10/2 Tanhyun-dong, Ilsan-gu,
411-320 Goyang-city, Kyunggi-do (KR). HWANG, Do

SCIENCE AND TECHNOLOGY [KR/KR]; 373-1, (84)

Hoon [KR/KR]; 204-1802, Woobangshinsege Town,
Sangmo-dong, 730-766 Gumi-city, Kyungsangbuk-do
(KR). SHIM, Hong Ku [KR/KR]; 132-1302, Hanvit
Apt., 99, Eoeun-dong, Yusung-gu, 305-755 Daejeon (KR).
KIM, Jong Chul [KR/KR]; 101-140, Luckyhana Apt.,
153, Shinsung-dong, Yusung-gu, 305-805 Daejeon (KR).

Agent: HWANG, E-Nam; 5th Floor, New Seoul Bldg.,
828-8 Yoksam-dong, Kangnam-ku, 135-080 Seoul (KR).

Designated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,
GM, HR, HU, ID, IL,, IN, IS, JP, KE, KG, KP,KZ, L.C, LK,
LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX,
MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG, SI,
SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC,
VN, YU, ZA, ZM, ZW.

Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
EBuropean patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, SK,
TR), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

[Continued on next page]

METHOD OF SYNTHESIS THEREOE

(54) Title: LIGHT-EMITTING FLUORENE-BASED COPOLYMERS, EL DEVICES COMPRISING THE SAME AND

(57) Abstract: Disclosed is a

Metal electrode 6

light-emitting copolymer having a
wavelength range of emitting not

Electron transporting layer 5

only blue light but also red light, as
represented by the following formula
1, in which the energy of blue light

Polymer light-emitting layer 4

emission from a fluorene repeating unit
on a blue light-emitting fluorene-based
main chain is transferred to a red

A 000 OO0 OO

Hole transporting layer 3

comonomer in the copolymer to emit
red light. An electroluminescence device

Semitransparent electrode 2

using the light-emitting copolymer is
also disclosed.

Substrate 1

7\ cN Ry
S \/\L_Q_\\/\ S
ety ) O‘Q

R R,

WO 03/016430 Al

m

(1)



wO 03/016430 A1 NI 000 0 OO0 A R

Published: For two-letter codes and other abbreviations, refer to the "Guid-
—  with international search report ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.



WO 03/016430

10

15

20

25

PCT/KR02/01514

1

LIGHT-EMITTING FLUORENE-BASED COPOLYMERS, EL DEVICES
COMPRISING THE SAME AND METHOD OF SYNTHESIS THEREOF

TECHNICAL FIELD

The present invention relates to a novel light-emitting copolymer capable of
emitting not only blue light but also red light, characterized in that the energy of
blue light released from a fluorene repeating unit on a blue light-emitting fluorene-
based polymer as a main chain is transferred to a red comonomer present in the
copolymer to emit red light; and an electroluminescence device comprising the

same.

PRIOR ART

Much research for identifying polyfluorene-based conjugated copolymers
used as light-emitting materials in EL devices has been performed since poly(9,9-
dihexylfluorene) was reported as a blue light emitting polymer. The fluorene-
based conjugated polymers have been mnoticed in light of their high
photoluminescence (PL) and electroluminescence (EL) efficiencies, excellent
thermal stability and superior solubility in various organic solvents. There has
been effort to exhibit various colors based on the fluorene-based polymer.

Tn order to convert the color in the fluorene conjugated polymers, there are
methods of doping green or red materials ‘to the fluorene polymer and of
copolymerizing comonomers having low energy band gaps. In the latter case, it is
reported that, for yellow and green emission of Inbasekaran supplied by Dow
Chemical Co., 5,5-dibromo-2,2-bithiophene and 4.7-dibromo-2,1,3-benzothiazol are
copolymerized to the fluorene main chain. Additionally, it is reported by Lee et al.
of IBM Co. that 3,9(10)—dibromoﬁherylene, 4 4-dibromo-o-cyanostylbene and 1,4-
bis(2—(4-bromophenyl)-1-cyanovinyl)-2-(2—ethylhexyl)—5-methoxybenzene are
copolymerized with fluorene. Such fluorene-containing copolymers can exhibit

yellow or green luminescence, as well as blue, even though small amounts thereof
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are used. But no electroluminescence devices using fluorene-based copolymers

capable of emitting red light have been reported yet.
DISCLOSURE OF THE INVENTION

To overcome the above problems in the prior art, the present inventors have
been trying to develop light-emitting copolymers, capable of emitting light in the
wavelength range from blue up to red by a fluorene-based cojugated polymer by
introducing a comonomer having a low energy band gap prepared from various
functional groups to a fluorene main chain via copolymerization.

Therefore, it is an object of the present invention to provide a novel light-
emitting fluorene-based copolymer, which emitts red light due to various
comonomers having low band gaps introduced to a blue light-emitting fluorene
conjugated homopolymer with high photoluminescence and electroluminescence.

It is another object of the present invention to provide an
electroluminescence device comprising such a light-emitting copolymer used as a

light-emitting layer.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic diagram showing the electroluminescence device
configuration according to the present invention.

Fig. 2 is a graph showing UV absorption spectra of the light-cmitting
copolymers of the present invention.

Fig. 3 is a graph showing PL emission spectra of the light-emitting
copolymers of the present invention.

~ Fig. 4 is a graph showing EL emission spectra of the light-emitting

copolymers of the present invention.

Fig. 5 is a graph showing a voltage-current characteristic curve of the EL
device using the light-emitting copolymers of the present invention.

Fig. 6 is a graph showing a voltage-EL intensity characteristic curve of the
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EL device using the light-emitting copolymers of the present invention.
BEST MODES FOR CARRYING OUT THE INVENTION

Based on the present invention, a light-emitting copolymer represented by
the following formula 1 is characterized in that a comonomer comprising a nitrile
functional group introduced to a thiophene backbone and an arylene backbone
connected via an ethylene bridge, is connected with a fluorene backbone through a
single bond, yielding a completely conjugated structure.

Formula 1

Ry
I\ LGN
S A %
NCY
R
2 R3

wherein, R, and R represent silyl groups, alkyl groups or alkoxy groups;

and R; and R4 represent alkyl groups. Preferably, R, Ry, Rz and R4 contain C; to
Cs, linear or branched alkyl groups.

In the formula 1, a ratio of n/m, which is not specifically limited, ranges
from 17.5/82.5 to 1.4/98.6, to exhibit excellent light-emitting effects.

The light-emitting copolymer of the present invention can be obtained by
copolymerizing a monomer 1 represented by the following formula 2 and another

monomer 2 represented by the following formula 3 in the presence of nickel(0)

catalyst.
Formula 2
Ry
Br—@—\\ CN
7 A N
K S
R
1

Formula 3
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The light-emitting copolymer of the present invention has a completely
conjugated structure comprising the monomers 1 and 2. The fluorene backbone
can exhibit excellent luminous efficiency, and the polymer backbone of the
formula 1 accepts the energy transferred from the fluorene backbone and emits
light in the wavelength range from blue to red, according to the addition ratio of
the comonomer 1. Such an emission is performed by transferring the energy
from the fluorene backbone having a high energy band gap to the comonomer 1
backbone having a relatively low band gap. Under control of the addition ratio of
the comonomer 1, such a comonomer is introduced to a conventional blue light
emitting polymer, to give the fluorene-based copolymer capable of emitting not
only blue light but also red light.

A description will be given of the production method of the light-emitting
copolymer of the present invention, below.

It is noted that an alkoxy group substituted monomer represented by the
following formula 4 is set forth to illustrate the comonomer represented by the
formula 2, for convenience, but is not to be construed to limit the present
invention.

Formula 4
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The dialkoxy group substituted compound represented by the above formula
4 (in the case that R is methoxy group and Ry is 2-ethylhexyloxy group) is prepared

as follows.

As shown in the following Reaction Scheme 1, 4-methoxyphenol is

5 alkylation-reacted with 2-ethylhexyl bromide using potassium hydroxide as a base.

J

Reaction Scheme 1

" OH O
KOH / MeOH
Br/\(\/\
) 0]
\ O\

As shown in the following Reaction Scheme 2, (2-ethylhexyloxy)-4-

methoxybenzene prepared from the reaction scheme 1 1is subjected to

10 chloromethylation using formaldehyde solution and hydrochloric acid/sulfuric acid,
to yield 1,4-bis(chloromethyl)-2-(2-ethylhexyloxy)-5-methoxybenzene.

Reaction Scheme 2
}/J O}H
HCI&H,S04/ 1,4-Dioxane
HCHO Cl Cl

g
\ - Q

As in the following Reaction Scheme 3, 1,4-bis(chloromethyl)-2-(2-

15 ethylhexyloxy)-5-methoxybenzene, obtained fromv the above reaction scheme 2, is

reacted with sodium cyanide, to yield 1,4-bis(cyanomethyl)-2-(2-ethylhexyloxy)-5-
methoxybenzene.

Reaction Scheme 3
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As in the following Reaction Scheme 4, 1,4-bis(cyanomethyl)-2-(2-
ethylhexyloxy)-5-methoxybenzene produced from the above reaction 3 is reacted
with 5—bromothioﬁhene—2-carbaldehyde via Knoevenagel reaction, to prépare 2,5-
bis- {2-(4-bromothienyl)-1-cyanovinyl} -2-(2-ethylhexyloxy)-5-methoxybenzene.

Reaction Scheme 4

o—)i/_/,
t-BuOK* / EtOH
NG : CN S
Br—@—CHO

0]
\

As in the following Reaction Scheme 5, 2,7-dibromofluorene and 2-
ethylhexyl bromide are reacted in toluene and sodium hydroxide in 50 wt%
distilled water in the presence of a small amount of tetrabutylammonium bromide
as a phase transfer catalyst at 80 °C, to prepare 2,7-dibromo-9,9-bis(2-
ethylhexyl)fluorene monomer.

Reaction Scheme 5

Toluene / NaOH50wt9
L= 20wl e
Br/\(\/\

As the monomer 1 used in preparation of the light-emitting copolymer of
the present invention, preparation of the compound of the formula 2 is illustrated.

However, it is easily understood by those skilled in this art that other compounds,
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corresponding to the monomer of the present invention, can be.also prepared in the
same or similar manner as in the above method.

In preparation of the inventive light-emitting copolymer, the monomer 1 of
the formula 2 and the monomer 2 of the formula 3 are reacted in the presence of
nickel(0) catalyst to produce the copolymer as shown in the following reaction
scheme 6, in which R; and R, represent silyl groups, alkyl groups or alkoxy
groups, and Rz and Ry represent alkyl groups.

Reaction Scheme 6

\__Qﬁ % + BrBr Ni(COD),/2,2dipyridy/COD
B
§ Ve Toluene/DMF

R3

I\ Ri
s \/\CN .
Nk
Rz

More specifically, as shown in the following Reaction Scheme 7, the

monomer (formula 4) in which R is an ethylhexyloxy group and R, is a methoxy
group is reacted with 2,7-dibromo-9,9-bis(2-ethylhexyl)fluorene in which Rs and
R, are ethylhexyl groups, in the presence of nickel(0) catalyst, to produce
poly{9,9-bis(2’ -ethylhexyl)fluorene-2,7-diyl-co-2,5-bis(2-thienyl-1 -cyanovinyl)-1-
(2’-ethylhexyloxy)—4—methoxybenzene—5”,5”—diyl} (hereinafter, abbreviated to
PFTCVB) as the light-emitting copolymer of the present invention.

Reaction scheme 7
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s A g . . Ni(COD),/2,2'dipyridyl/COD .

NC \ Br Toluene/DMF

PFTCVBs

Thusly prepared light-emitting copolymer has an irregularly repeated
structure of a fluorene unit and a monomeric unit having a low energy band gap.

As the monomeric unit having low band gap is contained in the polymer
main chain in large numbers, the fluorene polymer can emit red light, as well as
blue light. The reason is that the energy is released at the monomeric unit having
the low energy band gap while being shifted on the conjugated main chain, thus
emitting red light.

Referring to Fig. 1, there is shown the electroluminescence device
comprising the light-emitting copolymer of the present invention.

The EL device of the. present invention comprises a semitransparent
clectrode 2, a hole transporting layer 3, a polymer light-emitting layer 4, an
electron transporting layer 5 and a metal electrode 6 successively laminated on a
substrate 1. In addition, the EL device of the present invention can be formed to
a simple single-layer structure comprising the semitransparent electrode 2, the
polymer light-emitting layer 4 and the metal electrode 6 on the substrate. As the
polymer light-emitting layer 4, the light-emitting copolymer prepared as
mentioned above is used. As such, the polymer light-emitting layer can be

formed only by use of the light-emitting copolymer and by blending such a
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copolymer with an electron or a hole transporting polymer such as PVK
(polyvinylcarbazole).

Having generally described this invention, a further understanding can be
obtained by reference to certain specific examples which are provided herein for
purposes of illustration only and are not intended to be limiting unless otherwise

specified.

EXAMPLE 1
Preparation of 4-(2-ethylhexyloxy)-1-benzene

20.0 g of 4-methoxyphenol (0.016 mol) and 12.8 g of KOH (1.2 eq) were
dissolved in methanol, and added with 41 ml of 2-ethylhexyl bromide (1.3 eq),
followed by reacting the solution at 80 °C for-12 hours. After completion of the
reaction, the reaction solution was extracted with methylene chloride and distilled
under reduced pressure, to give the title compound as an intermediate (30.0 g,
79 %).

'H-NMR (CDCls, ppm) & 6.8 (s/4H), 3.8 (d,2H), 3.7 (s,3H), 1.6 - 1.2
(m,9H), 0.9 (m,6H). Anal. Calcd for CysHa405: C, 76.22; H, 10.26. Found: C, 75.11;
H, 10.23.

EXAMPLE 2
Preparation of 1,4—bis(chloromethyl)-5-(2—ethy1hexy10xy)-2—metlloxybenZene

30.0 g (0.13 mol) of the reaction intermediate obtained from the above
example 1, excess HCl and HCHO were dissolved in 1,4-dioxane and reacted at 90
°C for 24 hours. During the reaction, 2-3 ml of sulfuric acid was added 3 or 4
times. After the reaction was completed, the reaction solution was extracted with
methylene chloride, crystallized frdn hexane and filtered, to give 30.0 g (71 %) of
the title compound.

'H-NMR (CDCls, ppm) & 6.8 (d,2H), 4.5 (s,4H), 3.8 (d,2H), 3.7 (s,3H),
1.6-1.3 (m,9H), 0.9 (m,6H). Anal. Calcd for C7H260,C12: C, 61.26; H, 7.88. Found:
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C, 60.89; H, 7.57.

EXAMPLE 3

Preparation of 1,4-bis(cyanomethyl)-5-(2-ethylhexyloxy)-2-methoxybenzene

10.0 g (0.03 mol) of the reaction intermediate obtained from the above
example 2 was dissolved in N,N-dimethylformamide (DMF), added with 4.4 g (3
eq) of sodium cyanide and reacted at 45 °C for 72 hours. After the reaction was
completed, the reaction solution was extracted with. methylene chloride, and the
obtained crystals were recrystallized from hexane, to give 5.7 g (60 %) of the title
compound.

'H-NMR (CDCls;, ppm) & 6.90 (d,2H), 3.85 (d,2H), 3.83 (s,2H), 3.68
(s,4H), 1.72 (m,1H), 1.55-1.29/(m,8H), 0.91(q,6H). Anal. Calcd for Ci9HN203; C,
72.58; H, 8.33; N, 8.91. Found; C, 72.52; H, 8.11; N, 8.67.

EXAMPLE 4
Preparation of 2,5-bis- {2-(4-bromothienyl)-1-cyanovinyl}-2-(2-ethylhexyloxy)-5-

methoxybenzene

10 g (0.032 mol) of 1,4-bis(cyanomethyl)-5-(2-ethylhexyloxy)-2-
methoxybenzene obtained from the above example 3, 18.5 g of 5-bromothiophene-
2-carbaldehyde and a catalytic amount of potassium t-butoxide were added to 100
ml of methanol and reacted at room temperature for 48 hours. The resulting
yellow solid was filtered and dried. Such a solid was washed with methanol
several times, purified, filtered and dried, to give 62 % yield (13.1 g) of the title
compound as a desired monomer.

'H-NMR(CDCls,ppm)  7.95(s,1H), 7.79(s,1H), 7.31(d,1H), 7.28(d,1H),
7.10(s,2H), 7.08(s,1H), 7.06(s,iH) 3.82(d,2H), 3.76(s,3H), 3.68(s,4H), 1.70-
0.86(m,15H). Anal. Calcd for CooHpsBraN,0,S,; C, 52.74; H, 4.27; N, 4.24; S, 9.71.
Found; C, 52.72; H, 4.10; N, 4.53; S, 9.84.
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EXAMPLE 5
Preparation of 2,7-dibromo-9,9-bis(2-ethylhexyl)fluorene

10 g (0.03 mol) of 2,7-dibromofluorene, 17.3 g (3 eq) of 2-
ethylhexylbromide were added to 100 ml of toluene and 100 ml of 50 wt%
aqueous sodium hydroxide solution, and reacted at 60 °C for 48 hours. The
resultant product was extracted with methylene chloride and water. While the
organic layer was separated, the remaining water was removed over magnesium
sulfate. The solvent was eliminated on a rotary evaporator, and the product was
decolored using column chromatography. — The resulting compound was
concentrated, covered with ethanol and stored in a refrigerator, giving 62 % yield
(10.3 g) of a white solid product.

'H-NMR(CDCls,ppm)’7.51(s,2H), 7.46(d,2H), 7.41(s,2H), 1.92(d,4H), 1.1-
0.3(m,30H). Anal. Calcd for CysHaoBrz; C, 63.51; H, 7.35. Found; C, 61.01 H, 7.19.

EXAMPLE 6

Preparation of Light-emitting Copolymer

To prepare light-emitting copolymers, a total 0.0018 mol of 2,7-dibromo-
9,9-bis(2-ethylhexyl)fluorene monomer and  2,5-bis- {2-(4-bromothienyl)-1-
cyanovinyl}-2-(2-ethylhexyloxy)-5-methoxybenzene monomer were used. As
such, 2,5-bis-{2-(4-bromothienyl)-1-cyanovinyl} -2-(2-ethylhexyloxy)-5-
methoxybenzene monomer was used in various amounts. Copolymerization
reactions were performed in Shrenk tubes, and a catalyst Ni(cyclooctadiene), and
2,2-dipyridyl were dissolved in 5 ml of anhydrous N, N-dimethylformamide (DMF).
A small amount of cyclooctadiene was added thereto, and the monomers were
dissolved in 5 ml of absolute toluene and reacted for 3 days and nights. For end-
capping, a small amount of 9-Bromoanthracene was dissolved in absolute toluene,
and  after 24  hours, the copolymers were obtained  using
methanol/acetone/hydrochloric acid mixtures. Purification of the copolymers was

performed through recrystallization and extraction using a Soxhlet extractor.
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The above reaction is the same as in the reaction scheme 7.

The prepared light-emitting copolymers can be dissolved in an organic
solvent, which have the number average molecular weight of 22,000-13,000 and
the dispersion degree of 1.5-2.7. The polymerization result is summarized in the

following Table 1.

TABLE 1
Copolymer PFTCVB 1|PFTCVB 3|PFTCVB 5|PFTCVB 15
Mass Average MW 47,000 | 23,000 | 33,000 | 61,000
Number Average MW 20,000 | 15,000 | 13,000 | 22,000
Dispersion Degree (Mw/Mn) 2.3 1.5 2.5 2.7
Yield (%) ' 72 66 75 61
n Ratio (%) 1.4 3.1 7.0 17.5

Note: n ratio: calculated on a basis of nitrogen through element analysis

UV and photoluminescence measurements were performed on a film
obtained by dissolving a small amount of the synthesized copolymers in
chloroform and coating such a solution on quartz plate via a well-known spin
coating method. UV maximum absorption wavelength in film phase was shown
at 380 nm and an absorption band of long wavelength range was increased as the
addition ratio of the comonomer 1 was raised (Fig. 2).

The film phase copolymers weré measured for PL spectra, and PL Amax
was shifted to red light range as the addition ratio of the comonomer 1 was
increased. In this regard, addition of 1 % comonomer resulted in Amax shifted to
420 nm and considerable decrease of a short wavelength, that is to say, a blue light
emission range. Meanwhile, the addition of 15 % comonomer led to Amax shifted
to 620 nm, nearly invisible at the blue wavelength range. This result is confirmed
in Fig. 3.

The electroluminescence device containing the light-emitting copolymer

prepared from the above example 6 as a light-emitting layer was fabricated. A
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layer of PEDOT/PSS spin coated, a 100 nm light-emitting layer, a lithium fluoride
(LiF) layer, and an Al layer used as a cathode of 500 nm thickness, in order, were
laminated on a commercially available 100 nm thick ITO on a glass substrate, to
fabricate such a device. The EL spectrum of the device is shown in Fig. 4,
voltage-current characteristic in Fig. 5 and voltage-EL intensity characteristic in
Fig. 6.

Further, it was confirmed that PL spectrum showed a similar appearance to

.EL spectrum. In other words, as the addition ratio of the comonomer 1 was

increased, the blue light-emitting fluorene homopolymer began to emit red light.
In particular, addition of 15 % comonomer resulted in Amax 0f 630 nm, reaching the
red light wavelength range. This indicates that the energy is shifted from the
fluorene unit of high band gap to the monomeric unit of Jow band gap, and
released at such a low band gap unit.

The spectrum results are presented in the following Table 2, in which PL
quantum efficiency is expressed as a relative value when the quantum efficiency of

the fluorene homopolymer is 1.

TABLE 2
Copolymer Xma>'< (nm) PL Quantum'Efﬁciency
UV Absorption | PL | EL (solution)

PBEHF 380 4201419 I
PFTCVBI 380 5361532 0.87
PFTCVB3 380 5441535 0.71
PFTCVBS 380 5831580 0.64
PFTCVBIS 380 620|630 0.43

INDUSTRIAL APPLICABILITY

As described above, introduction of a comonomer having low energy band
gap to a conventional fluorene homopolymer allows preparation of the copolymer

capable of showing full colors from blue to red, and of the electroluminescence
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device containing such a copolymer as a light-emitting layer. ~As for the light-
emitting copolymer of the present invention, the ratio of the comonomer 1
introduced to the fluorene main chain is controlled, whereby colors of the range
difficult to obtain from the homopolymer, in particular, red, can be emitted.

The present invention has been described in an illustrative manner, and it
is to be understood that the terminology used is intended to be in the nature of
description rather than of limitation. Many modifications and variations of the
present invention are possible in light of the above teachings. Therefore, it is to
be understood that within the scope of the appended claims, the invention may be

practiced otherwise than as specifically described.
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CLAIMS

1. A light-emitting copolymer represented by the following formula 1:

Formula 1

/ \

S

5 wherein R, and R, represent silyl groups, alkyl groups or alkoxy groups;

and Ry and R4 represent alkyl groups.

2. The polymer as defined in claim 1, wherein R}, Ry, R3 and R4 contain C;

to Cy, linear or branched alkyl groups.

3. The polymer as defined in claim 1, wherein a ratio of n/m ranges from

10 17.5/82.5 to 1.4/98.6.

4. A comonomer represented by the following formula 2

Formula 2

Ry
Br—@—\\ ON
57 A v g
Ra
wherein R; and R represent silyl groups, alkyl groups or alkoxy groups.

15 5. The comonomer as defined in claim 4, wherein R, and R, contain C; to

Cy; linear or branched alkyl groups.

6. An electroluminescence device comprising a polymer light-emitting layer

formed with the light-emitting copolymer of any one of claims 1 to 3.
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7 The device as defined in claim 6, wherein the device is a multi-layer
film structure comprising a semitransparent electrode, a hole transporting layer, the
polymer light-emitting layer, an electron transporting layer and a metal electrode

successively laminated on a substrate.

5 8. The device as defined in claim 6, wherein the polymer light-emitting
layer is formed by blending the light-emitting copolymer with an electron or a hole

transporting polymer.

9. A method of preparing the light-emitting copolymer of claim 1,
comprising the step of copolymerizing a monomer represented by the following
10 formula 2 and another monomer represented by the following formula 3 in the

presence of nickel(0) catalyst:

Formula 2
R4
Br & »,CN {
s A . 5
e
&, /
Formula 3
o $ e
Ry Ry

15
wherein R, and R, represent silyl groups, alkyl groups or alkoxy groups;

and Rj and Ry represent alkyl groups.

10. The method as defined in claim 9, wherein Ry, Rz, R3 and Ry contain
C, to Cy; linear or branched alkyl groups.

20
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FIG.3
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FIG.4
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