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Abstract⎯A new cyclometallated iridium(III) complex NBEpzIr(Piq)2 (I) (NBEpzH is 1-phenyl-3-methyl-
4-(5-bicyclo[2.2.1]hept-5-en-2-yl)-5-pyrazolone, PiqH is 1-phenylisoquinoline) is synthesized. The struc-
ture of the compound is determined by X-ray diffraction analysis (СIF file CCDC no. 1521037). Copolymers
with the carbazole and iridium-containing fragments in the side chains (P1–P3) are prepared from
monomer I by the ring-opening metathesis polymerization method. Their photoluminescence and electrolu-
minescence properties are studied. Copolymers P1–P3 exhibit an intense photoluminescence and electrolu-
minesce of red color. The maximum luminance (3010 cd/m2) and current efficiency (15.1 cd/A) are achieved
for emitter P2.
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INTRODUCTION

The electroluminescent iridium-containing poly-
mers are currently among the most efficient light-
emitting polymeric materials for the fabrication of
organic light-emitting diodes (OLEDs) of various
applications [1]. Depending on the nature of the lumi-
nophoric iridium complexes linked to the polymer
chain, the color of electroluminescence can vary from
blue to red. The highest electroluminescence charac-
teristics were achieved for the iridium-containing
polymers emitting in the green spectral range [1]. The
emitters with the red emission color are noticeably
inferior to the “green” and “blue” iridium-containing
polymers in electroluminescence efficiency. There-
fore, the preparation of new more efficient iridium-
containing polymers emitting in the red spectral range
is an urgent task.

The synthesis and structure of the new cyclometal-
lated iridium(III) complex NBEpzIr(Piq)2 (I)
(NBEpzH is 1-phenyl-3-methyl-4-(5-bicy-
clo[2.2.1]hept-5-en-2-yl)-5-pyrazolone, and PiqH is
1-phenylisoquinoline) and the preparation by the
ring-opening metathesis polymerization (ROMP)
method of related iridium-containing polymers P1–
P3 with an intense photoluminescence (PL) and elec-
troluminescence (EL) in the red spectral range are
reported in this work.

EXPERIMENTAL
All procedures with readily oxidizable and hydrolyz-

able substances were carried out in vacuo or in argon
using a standard Schlenk technique. The solvents used
were thoroughly purified and degassed. Iridium(III)
chloride [Ir(Piq)2(Cl)]2 [2], sodium pyrazolonate
(NBEpz)Na [3], carbazole-containing monomer 9-
(bicyclo[2.2.1]hept-5-en-2-ylmethyl)-9H-carbazole (L)
[4], and (H2IMes)(3-BrPy)2(Cl)2Ru=CHPh (third-
generation Grubbs catalyst) [5, 6] were synthesized using
known procedures. 4,7-Diphenyl-1,10-phenanthroline
(BATH) and aluminum tris(8-oxyquinolinate) (Alq3)
(Aldrich) were used without additional purification.

1H and 13C{1H} NMR spectra were recorded on
Bruker DPX-200 (1Н NMR: 200 MHz, 13С NMR:
50 MHz) and Bruker Avance III-400 (1Н NMR:
400 MHz, 13С NMR: 100 MHz) spectrometers, and
signal assignment was performed using gradient 2D
spectroscopy: proton–proton correlation (GE-
COSY) and proton–carbon correlation (GE-HSQC).
Chemical shifts are indicated in ppm relative to
tetramethylsilane as an internal standard.

IR spectra were obtained on an FSM 1201 FT-IR
spectrometer. A sample of compound I was prepared
by pellet pressing with the substance to KBr ratio equal
to 1 : 200. Samples of polymers P1–P3 were prepared
as thin films between KBr plates.
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The molecular weight distribution of the polymers
was determined by gel permeation chromatography on
a Knauer chromatograph with a Smartline RID 2300
differential refractometer as a detector and an array of
two Phenomenex columns (Phenogel sorbent with a
pore size of 104 and 105 Å) using THF as an eluent
(2 mL/min) at 40°C. The columns were calibrated by
13 polystyrene standards.

The electronic absorption spectra of compound I
and polymers P1–P3 in a CH2Cl2 solution were
recorded on a Perkin Elmer Lambda 25 spectrometer.
The PL spectra were obtained on a Perkin Elmer LS
55 fluorescence spectrometer. The relative quantum
yields of complex I and P1–P3 were determined at
room temperature in degassed solutions of CH2Cl2,
and the excitation wavelength was λexc = 360 nm. The
quantum yields were calculated relative to Rhodamine
B in ethanol (Φf = 0.70) [7] according to an earlier
described procedure [8].

Thermogravimetric analysis was carried out on a
Perkin Elmer PYRIS 6 TGA thermogravimeter in a
dry nitrogen flow (flow rate 80 cm3/min, heating rate
5 Κ/min).

The EL spectra, current density–voltage and volt-
age–luminance characteristics, and chromaticity
coordinates (CIE) were obtained on model OLED
devices without encapsulation using an automated
complex conjugated with a computer including a GW
INSTEK PPE-3323 power source, a GW INSTEK
GDM-8246 digital multimeter, and an Ocean Optics
USB 2000 spectrofluorimeter.

Synthesis of NBEpzIr(Piq)2 (I). A solution of
(NBEpz)Na (0.05 g, 0.18 mmol) in DME (10 mL) was
added to a solution of (Ir(Piq)2Cl)2 (0.10 g,
0.08 mmol) in DME (30 mL) in an argon atmosphere.
The reaction mixture was refluxed for 24 h, cooled to
room temperature, and centrifuged. The solvent was
evaporated in vacuo, the solid residue was dissolved in
dichloromethane (5 mL), and the solution was sepa-
rated from a minor amount of a precipitate by centri-
fuging. After the solvent was removed under reduced
pressure, the residue was dried in vacuo at 50°C for
4 h. The yield of complex I as an air-stable bright red
finely crystalline substance was 0.09 g (68%).

IR (KBr), ν, cm–1: 3075, 3043, 1154, 1115, 1071,
1047, 1002, 754, 738, 708 (CAr–H); 3043, 2962, 2926,
2860, 1478, 1370, 1350, 1311, 1269, 814 (CAlk–H); 1605
(C⋅⋅⋅O); 1576 (C=CAr); 1537 (C=N); 1433 (pyrazole
ring); 932 (С–С); 613 (chelate ring); 477 (Ir–O).

According to the data of NMR spectroscopy, com-
plex I was a mixture of endo and exo isomers.

(I)

Endo isomer (80%). 1Н NMR (CDCl3), δ, ppm:

8.99 (m, 2H, H8, ), 8.21 (dd, J = 18.8, 7.5 Hz, 3H,
Ar), 7.90 (m, 1H, Ar), 7.84 (m, 1H, Ar), 7.70 (m, 8H,
Ar), 7.43 (d, J = 4.7 Hz, 1H, Ar), 7.10 (dd, J = 13.7,
7.6 Hz, 2H, Ar), 6.95 (dd, J = 12.3, 6.3 Hz, 3H, Ar),
6.69 (t, J = 7.4 Hz, 2H, Ar), 6.49 (d, J = 7.4 Hz, 1H,
Ar), 6.43 (d, J = 7.6 Hz, 1H, Ar), 5.45 (dd, J = 5.3, 2.6
Hz, 0.35H, H3), 5.14 (dd, J = 5.1, 2.9 Hz, 0.65H, H3),
5.06 (dd, J = 5.5, 2.8 Hz, 0.35H, H4), 4.19 (dd, J =
5.4, 2.7 Hz, 0.65H, H4), 3.49 (dd, J = 9.8, 6.2 Hz,
0.65H, H6), 3.38 (m, 0.35H, H6), 2.99 (s, 0.35H, H2),
2.80 (s, 0.65H, H5), 2.62 (s, 0.65H, H2), 2.53 (s,
0.35H, H5), 2.49 (s, 1.95H, Me), 2.47 (s, 1.05H, Me),
1.82 (m, 0.35H, H1), 1.62 (m, 0.65H, H1), 1.21 (m,
0.7H, H7 and ), 1.42 (s, 0.65H, ), 1.19 (m,
0.65H, ), 1.09 (s, 0.65H, ), 0.64 (m, 0.35, ).

Exo isomer (20%). 1Н NMR (CDCl3), δ, ppm:

9.05 (m, 2H, H8, ), 8.61 (d, J = 6.4 Hz, 3H, Ar),
8.58 (d, J = 5.6 Hz, 1H, Ar), 8.49 (d, J = 6.4 Hz, 2H,
Ar), 8.41 (d, J = 6.3 Hz, 2H, Ar), 8.34 (dd, J = 6.5,
3.5 Hz, 1H, Ar), 8.13 (d, J = 7.9 Hz, 2H, Ar), 7.92 (s,
1H, Ar), 7.88 (d, J = 3.0 Hz, 1H, Ar), 7.84 (s, 1H, Ar),
7.47 (s, 1H, Ar), 7.38 (s, 1H, Ar), 7.36 (s, 1H, Ar), 6.82
(t, J = 7.3 Hz, 2H, Ar), 6.55 (d, J = 6.6 Hz, 2H, Ar),
6.32 (dd, J = 5.5, 2.9 Hz, 1H, H3), 6.05 (d, J = 8.0 Hz,
2H, Ar), 5.88 (dd, J = 5.7, 2.8 Hz, 1H, H4), 3.57 (m,
1H, H6), 3.27 (s, 1H, H5), 3.04 (s, 1H, H2), 1.92 (m,
1H, H1), 2.47 (s, 3H, Ме), 1.55 (m, 1H, H7), 1.48 (m,
1H, ), 0.91 (m, 1H, ).

All isomers. 13C NMR (CDCl3), δ, ppm: 193.9,
192.0, 169.6, 169.5, 169.1, 161.8, 162.0, 150.9, 150.7,
150.6, 149.9, 149.5, 147.6, 147.5, 147.0, 146.8, 146.4,
145.7, 143.8, 141.1, 140.8, 140.7, 140.6, 139.3, 138.6,
138.1, 137.3, 137.2, 137.1, 136.9, 136.3, 134.6, 134.3,
134.2, 134.0, 131.5, 131.2, 130.7, 130.3, 129.5, 129.1,
128.8, 128.4, 127.8, 127.6, 127.4, 127.3, 126.7, 126.6,
126.3, 126.1, 123.9, 121.0, 120.7, 120.5, 120.3, 119.9,
119.7, 119.5, 105.8, 105.5, 50.5, 49.8, 49.5, 49.3, 48.1,
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47.9, 47.1, 46.6, 46.0, 43.3, 43.0, 42.4, 32.4, 31.1, 28.9,
28.3, 17.8, 17.4, 15.8.

Synthesis of copolymer P1. The third-generation
Grubbs catalyst (0.0027 g, 0.0031 mmol) in CH2Cl2
(1 mL) was added to a mixture of monomers I
(0.0300 g, 0.0336 mmol) and L (0.0734 g,
0.2684 mmol) in CH2Cl2 (5 mL). The mixture was
stirred at room temperature. The reaction course was
monitored by thin layer chromatography. After the
end of copolymerization (5 h), several droplets of vinyl
ethyl ether was added to the reaction mixture to
decompose the catalyst, and the mixture was stirred
for 20 min. The formed copolymer was precipitated
with methanol and dried in vacuo at room tempera-
ture to a constant weight. The yield of copolymer P1 as
a red powder was 0.10 g (96%).

IR (KBr), ν, cm–1: 3050, 1577, 1483, 1452, 1373,
1326, 1151, 1120, 1062, 1002, 748, 723 (CAr–H); 2940,
2868, 748 (CAlk–H); 1596 (C⋅⋅⋅O); 1538 (C=CAr); 1538
(C=N); 1596 (pyrazole ring); 1625 (С=С); 1326, 1212,
908, 870 (CAlk–C); 649, 618 (chelate ring); 565, 530
(Ir–O). 1Н NMR (CDCl3), δ, ppm: 8.00 (m, 21H,
Ar), 7.30 (m, 24H, Ar), 7.14 (m, 44H, Ar), 5.27 (m,
18H), 4.03 (m, 16H), 0.80–2.88 (m, 66H).

Mw = 35800, Mn = 20000, Mw/Mn = 1.8, Td =
332°C (at 5% weight loss).

Synthesis of copolymer P2 was carried out from
compound I (0.0200 g, 0.0224 mmol) and L (0.0734 g,
0.2684 mmol) similarly to the procedure described for
Р1. The copolymerization time was 5 h. The yield was
0.09 g (97%).

IR (KBr), ν, cm–1: 3050, 1577, 1483, 1461, 1452,
1383, 1326, 1152, 1121, 1062, 1001, 748, 722 (CAr–H);
2934, 2863, 819 (CAlk–H); 1595 (C⋅⋅⋅O); 1577
(C=CAr); 1538 (C=N); 1538 (pyrazole ring); 1627
(С=С); 1326, 1212, 908 (CAlk–C); 649 , 617 (chelate
ring); 563, 529 (Ir–O). 1Н NMR (CDCl3), δ, ppm:
7.99 (m, 33H, Ar), 7.31 (m, 37H, Ar), 7.14 (m, 51H,
Ar), 5.26 (m, 26H), 4.02 (m, 24H), 0.60–3.10 (m,
94H).

For C48H37N4O2Ir
anal. calcd., %: C, 64.48; H, 4.17.
Found, %: C, 64.58; H, 4.23.

For C208H189N12O2Ir
anal. calcd., %: C, 81.09; H, 6.18.
Found, %: C, 81.19; H, 6.25.

For C288H265N16O2Ir
anal. calcd., %: C, 82.86; H, 6.40.
Found, %: C, 82.97; H, 6.47.

Mw = 36300, Mn = 22000, Mw/Mn = 1.7, Td =
325°C (at 5% weight loss).

Synthesis of copolymer P3 was carried out from
compound I (0.0150 g, 0.0168 mmol) and L (0.0734 g,
0.2684 mmol) similarly to the procedure described for
Р1. The copolymerization time was 5 h. The yield was
0.08 g (91%).

IR (KBr), ν, cm–1: 3053, 1578, 1484, 1454, 1383,
1327, 1153, 1063, 1025, 749, 721 (CAr–H); 2929, 2865,
800 (CAlk–H); 1598 (C⋅⋅⋅O); 1578 (C=CAr); 1539
(C=N); 1539 (pyrazole ring); 1628 (С=С); 1260,
1212, 909 (CAlk–C); 649, 616 (chelate ring); 565, 529
(Ir–O). 1Н NMR (CDCl3), δ, ppm: 8.01 (m, 38H,
Ar), 7.31 (m, 52H, Ar), 7.14 (m, 63H, Ar), 5.27 (m,
34H), 4.05 (m, 32H), 0.70–2.80 (m, 122 H).

Mw = 50700, Mn = 35000, Mw/Mn = 1.5, Td =
310°C (at 5% weight loss).

X-ray diffraction analysis. The crystallographic
data for compound I were collected on an Agilent
Xcalibur E automated diffractometer (MoKα radia-
tion, λ = 0.71073 Å). Experimental arrays of intensities
were integrated using the CrysAlisPro program [9].
The structure was solved by a direct method followed
by the full-matrix least-squares refinement for F 2

(SHELXTL) [10]. An absorption correction was
applied using the SCALE3 ABSPACK program [11].
All non-hydrogen atoms were refined in the anisotro-
pic approximation, and hydrogen atoms were placed
in the geometrically calculated positions and refined
in the riding model. The norbornene substituent and
Ph group of the pyrazolone ligand were disordered
over two positions with the population ratios ~0.6 : 0.4
and 0.75 : 0.25, respectively. The six-membered frag-
ment of the 1-phenylisoquinoline ligand was similarly
disordered over two positions with the population
ratio ~0.75 : 0.25. The crystal structure of complex I
contains two solvate molecule of dichloromethane in
the general positions falling onto one iridium com-
plex. The crystallographic characteristics and the
main refinement parameters are presented in Table 1.

The crystallographic information for compound I
was deposited with the Cambridge Crystallographic
Data Centre (CIF file CCDC no. 1521037;
deposit@ccdc.cam.ac.uk or http://www.ccdc.
cam.ac.uk).

Fabrication of OLED devices. A glass plate with the
deposited ITO layer (ITO is indium–tin oxide,
120 nm, 15 Ohm/cm2) (Lum Tec) acting as an anode
was used as a support for OLED devices with the
ITO/Ir-polymer (40 nm)/BATH (30 nm)/Alq3
(30 nm)/Yb(150 nm) configuration. The emission
layer of the copolymer was deposited from its solution

For C368H341N20O2Ir
anal. calcd., %: C, 83.90; H, 6.52.
Found, %: C, 83.79; H, 6.47.
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in CH2Cl2 (6 mg/mL) on a Spincoat G3-8 centrifuge
(3000 rpm, 30 s) and dried in vacuo at 70°C for 3 h.
The layer thickness was determined with a МЕТА-900
ellipsometer. The hole-blocking BATH layer, elec-
tron-transporting Alq3 layer, and Yb layer acting
as a cathode were deposited by evaporation in vacuo
(10–6 mmHg) from separate thermoresistant evapora-
tors. The layer thickness was monitored with a cali-
brated quartz resonator. The active surface area of the
devices was a square 5 × 5 mm in size.

RESULTS AND DISCUSSION
The iridium-containing polymers exhibiting the

EL of red color contain the cyclometallated irid-

ium(III) complexes with 2-(benzo[b]thiophen-2-
yl)pyridiyl, 2-na-phthylpyridyl, 1-phenylisoquino-
line, 2-phenylquinoline, 2,3-diphenylpyrazine, and
2,4-diphenylquinoline ligands in the main chain or in
the side chains [1]. We have recently reported the
preparation of the “red” electroluminescent polymers
containing the iridium(III) complexes with the
2-(benzo[b]thiophen-2-yl)pyridiyl ligands in the side
chains by ring-opening metathesis polymerization
[12]. In this work, we synthesized the norbornene-
containing cyclometallated iridium(III) complex with
the 1-phenylisoquinoline ligands for the preparation
of red-emitting polymers (Scheme 1).

Scheme 1.

Complex I was synthesized in high yield as a bright
red finely crystalline substance stable in air, soluble in
CHCl3, CH2Cl2, and DME, and insoluble in hexane.
The NMR studies showed that the product was a mix-
ture of endo and exo isomers with a ratio of 80 : 20.

The X-ray diffraction analysis of complex I showed
that the single-crystal sample obtained after crystalli-
zation from dichloromethane contained only the endo
isomer (Fig. 1, Table 2).

The iridium atom coordinates three chelate
ligands: one pyrazolone ligand and two phenyliso-
quinoline ligands. The coordination polyhedron of the
Ir atom is a distorted octahedron with the N(4), O(2),
N(3), and C(33) atoms in the base and the axial posi-
tions occupied by the С(48) and О(1) atoms. The sum
of bond angles between the equatorial substituents is
360°, and the С(48)Ir(1)О(1) angle is 176.3(2)°.

The pyrazolone ligand is coordinated to the Ir(1)
atom by the O(1) and O(2) atoms. The Ir(1)–O(1,2)
distances (2.166(4) and 2.168(4) Å, respectively) are
close to similar distances in the related iridium com-
plexes (NBEpz)Ir(Ppy)2 [13] and (NBEpz)Ir(Dfppy)2
[14] with two 2-phenylpyridine (Ppy) ligands and its
f luorine-substituted analog (Dfppy) (2.142(2)–

2.168(2) Å). The chelate О(1)Ir(1)О(2) angle
(87.33(16)°) is close to similar angles in
(NBEpz)Ir(Ppy)2 (87.6(1)°) [13] and
(NBEpz)Ir(Dfppy)2 (87.9(1)°) [14]. The phenyliso-
quinoline ligands are coordinated to Ir(1) by the N(3),
C(33), and N(4), C(48) atoms. The Ir–N and Ir–C
bond lengths differ insignificantly (2.026(5), 2.027(5),
and 1.979(6), 1.986(6) Å, respectively). Similar dis-
tances are observed in the related complex
(CBDK)Ir(Piq)2, where CBDK is 1-(carbazol-9-yl)-
5,5-dimethylhexane-2,4-diketonate (2.028(3),
2.035(3) and 1.974(4), 1.991(4) Å) [15]. The chelate
NIr(1)С angles of phenylisoquinolines in complex I
(79.7(2)°, 80.1(2)°) are close to similar angles in
(CBDK)Ir(Piq)2 (79.53(15)°, 79.79(14)°) [15]. The
phenylisoquinoline ligands are nonplanar, and the
average shifts of the atoms from the plane are 0.08 and
0.21 Å. Similar values in complex (CBDK)Ir(Piq)2 are
0.14 and 0.18 Å [15].

Luminophoric iridium complex I copolymerizes
with carbazole-containing comonomer L and forms
copolymers P1–P3 with different ratios of organic and
metal-containing units (Scheme 2).
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The ROMP reactions involving monomers I and L
occur in the presence of the third-generation Grubbs
catalyst at room temperature. The amount of the cat-
alyst is 1 mol % with respect to the overall amount of

the starting comonomers. It was determined by thin
layer chromatography that the copolymerization pro-
cesses completed within 5 h. Polymeric products P1–
P3 were isolated as red powders stable in air and highly
soluble in THF, CH2Cl2, and CHCl3. The composi-
tions of the copolymers were confirmed by elemental
analysis and 1H NMR spectroscopy.

It was found that the absorption spectrum of com-
plex I (Fig. 2, Table 3) was similar to that of the known
acetylacetonate iridium(III) complex Ir(Piq)2(Acac)
[16]. The intense bands with maxima at 277, 342, and
356 nm in the spectrum of complex I are attributed to
the intraligand 1(π → π*) transitions in the 1-phenyli-
soquinoline and pyrazolonate ligands. The lower-
intensity bands at 400–530 nm can be assigned to
metal-to-ligand charge-transfer (MLCT) transitions
[16]. Additional intense bands in a range of 260–
350 nm caused by the (π → π*) transitions in the car-
bazole fragments in addition to the bands characteris-
tic of complex I are observed in the absorption spectra
of copolymers Р1–Р3.

The PL spectrum of complex I (Fig. 3a) exhibits a
band with a maximum at 614 nm and a lower-intensity
band at 655 nm (shoulder to the main band) that can
be assigned to the 3LC and 3MLCT transitions [16].

Table 2. Selected bond lengths (Å) and bond angles (deg) in
complex I

Bond d, Å Angle ω, deg

Ir(1)–O(1) 2.166(4) O(1)Ir(1)O(2) 87.33(16)
Ir(1)–O(2) 2.168(4) N(3)Ir(1)С(33) 80.1(2)
Ir(1)–N(3) 2.026(5) N(4)Ir(1)C(48) 79.7(2)
Ir(1)–N(4) 2.027(5) N(3)Ir(1)N(4) 174.9(2)
Ir(1)–C(33) 1.979(6) O(1)Ir(1)C(48) 176.3(2)
Ir(1)–C(48) 1.986(6) O(2)Ir(1)C(33) 174.8(2)

N(4)Ir(1)О(2) 89.63(18)
O(2)Ir(1)N(3) 95.01(19)
C(33)Ir(1)N(4) 95.3(2)

Table 1. Crystallographic data and X-ray diffraction experi-
mental and refinement parameters for complex I ⋅ 2CH2Cl2

Parameter Value

Empirical formula C50H41Cl4IrN4O2

FW 1063.87
Temperature, K 100(2)
Crystal system Monoclinic
Space group P21/n
а, Å 10.4468(2)
b, Å 14.7689(3)
c, Å 30.0049(5)
β, deg 97.387(2)
V, Å3 4590.97(15)
Z 4
F(000) 2120
ρcalcd, g cm–3 1.539

μ, mm–1 3.185
Crystal size, mm 0.40 × 0.20 × 0.20
Scan range over θ, deg 3.321–27.000
Ranges of indices –13 ≤ h ≤ 13,

–18 ≤ k ≤ 18,
–38 ≤ l ≤ 38

Total number of ref lections 76092
Number of independent 
reflections

9971

Rint 0.0774

GOOF (F2) 1.062
R1, wR2 (I > 2σ(I)) 0.0552, 0.1202
R1, wR2 (all data) 0.0743, 0.1277

Δρmax/Δρmin, e Å–3 1.398/–1.401
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Only the emission bands attributed to the 3LC and
3MLCT transitions in the iridium-containing frag-
ments are observed in the PL spectra of copolymers
Р1–Р3 in solutions and in thin films (Fig. 3, Table 3).

The PL quantum yields of copolymers Р1–Р3 are
much lower than the quantum yield of monomer I
(Table 3). Probably, this is associated with nonradia-

tive losses in the polymer emitters caused by the diffu-
sion of triplet excited states along the polymer chain
and by triplet–triplet annihilation [17, 18].

The EL properties of copolymers P1–P3 were
studied for the model OLED devices of the configura-
tions ITO/Ir-polymer (40 nm)/BATH (30 nm)/Alq3
(30 nm)/Yb. The EL spectra of the polymeric emitters

Fig. 2. Absorption spectra of complex I and polymers P1–P3 in a CH2Cl2 solution. 
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Fig. 1. Structure of complex I with ellipsoids of 30% probability. Hydrogen atoms are omitted. 
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and the performance characteristics of the related
OLED devices are presented in Figs. 4 and 5 and in
Table 4.

The EL spectra of copolymers P1–P3 are similar
and contain bands with maxima in a range of 600–
660 nm assigned to the 3LC/3MLCT transitions in the
cyclometallated iridium complexes linked to the poly-
mer chain. The absence of an emission from the car-
bazole groups at 350–450 nm indicates the efficient
transfer of the excitation energy from the polymer
matrix to the iridium-containing fragments via the
Förster mechanism [19]. The chromaticity coordi-
nates of the OLED emission in the CIE (Commision
Internationale de l’Eclairage) diagram (Table 4) cor-
respond to the red color and remain almost

unchanged in the whole range of applied voltages. The
highest luminance (3010 cd/m2), current efficiency
(15.1 cd/A), and power efficiency (5.9 lm/W) were
shown by polymeric emitter P2. It should be men-
tioned that the achieved EL characteristics are compa-
rable with similar characteristics of the known elec-
troluminescent red-emitting iridium-containing poly-
mers [1, 12, 20, 21].

To conclude, the new norbornene-containing
cyclometallated iridium(III) complex was synthesized
and structurally characterized. Carbon-chain copoly-
mers P1–P3 with the carbazole and iridium-contain-
ing fragments in the side chains were prepared on the
basis of the synthesized complex by the ROMP
method. The obtained polymeric emitters exhibit the

Table 3. Photophysical characteristics of complex I and polymers P1–P3

Compound λabs, nm/log ε
λem, nm

PL quantum yield, % 
 (CH2Cl2)

film CH2Cl2

I 277 (3.76), 342 (3.40), 356 sh (3.26), 
401 sh (3.00), 473 (2.48)

614, 655 sh 6.25

P1 264 (4.60), 284 sh (4.27), 289 sh (4.33), 
295 (4.43), 319 sh (3.75), 332 (3.91), 
346 (3.98), 367 sh (3.55), 393 sh (3.13), 
464 sh (2.50), 494 (2.31)

617 sh, 627, 656 sh 616, 656 sh 2.64

P2 265 (4.95), 284 (4.61), 289 sh (4.66), 
295 (4.80), 318 sh (4.14), 332 (4.30), 
347 (4.34), 394 sh (3.57), 464 sh (3.35)

618 sh, 626, 657 sh 608, 650 sh 4.09

P3 265 (5.38), 283 sh (5.03), 289 sh (5.09), 
295 (5.22), 320 sh (4.60), 332 (4.72), 
347 (4.80), 394 sh (4.02), 474 sh (3.81)

622, 655 sh 617, 653 sh 5.58

Table 4. Performance characteristics* of the OLEDs based on polymers P1–P3

* The voltage at which the performance characteristics were determined is given in parentheses.
** Luminance at 1 cd/m2.

Polymer Turn-on voltage, 
V**

Maximum 
luminance,

cd/m2

Maximum current 
efficiency, cd/A

Maximum power 
efficiency, lm/W

Chromaticity
coordinates

in CIE diagram

P1 7 1475 (30 V) 6.3 (12 V) 1.9 (9 V) х = 0.66
y = 0.33

P2 6.5 3010 (30 V) 15.1 (11 V) 5.9 (7 V) х = 0.66
y = 0.34

P3 7 2353 (30 V) 14.5 (8 V) 5.7 (8 V) х = 0.64
y = 0.35
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intense photoluminescence and electroluminescence
of red color. The maximum luminance (3010 cd/m2),
current efficiency (15.1 cd/A), and power efficiency
(5.9 lm/W) were achieved by using emitter P2.
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