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ABSTRACT

A new kind of single triple-color hyperbranchedyrokr PF-Ir(ppy)(pytzph)m-Ir(pig}(pytzph)n was designed and
synthesized, in which green and red iridillif)(complexes acted as cores and blue polyfluoretesl @&s backbone.
PF-Ir(ppy)(pytzph)m-Ir(pigy(pytzph)n (m=5, n=5 and m=25, n=5) had higher quanefficiency than PF-
Ir(piq)2(pytzph)5. The energy transfer from green core 2bid{enylpyridine)[3-(2-pyridyl)-5-phenyl-1,2,4-
triazole]iridium(lll) [Ir(ppy)(pytzph)] with high triplet energy level (E2.58 eV) to red core bis(1l-
phenylisoquinolinato)[3-(2-pyridyl)-5-phenyl-1,2tdazole]iridium(lll) [Ir(pig)(pytzph)] (E=2.12 eV) could
realize by intermediate poly(9,9-dioctylfluoren®H) segments. A typical single emitting-layer dewvigith the
configuration of ITO/PEDOT:PSS (40 nm)/PF-Ir(pgpytzph)m-Ir(pig}(pytzph)n (80 nm)/TPBi (40 nm)/LiF (0.8

nm)/Al (100 nm) was fabricated. Among the white yooérs, PF-Ir(ppypytzph)5-Ir(pig}(pytzph)5 exhibited
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excellent electroluminescent properties with a Céssion Internationale Ed I'eclairage (CIE) coordénaf (0.32,

0.34) and a maximum luminous efficiency of 11.49Acd

Keywords: Triple-color white-light emitting polymer, Hypermched structure, Green and red iridium(lll)

complexes, Photophysical properties, Film-formiglgctroluminescent properties

1. Introduction

White organic light-emitting diodes (WOLEDs) haveceived great attentions because of their potential
applications in full-color displays, backlights,datighting [1-5]. In the last decades, the depadsitite-light
small organic molecule diodes were investigatelizing doping systems, however, it was not effeztior large-
area displays owing to the inevitable phase separand complicated fabrication process [6—7]. Meaife, the
polymer blending systems [8-11] with strong craskithg by wet-process were developed for large-agisplays,
which still faced the problem of phase separattat tould decrease the electroluminescent (EL)opaince.
Therefore, single white-light polymers with excalleEL performance were investigated, such as sitigear
polymers [12-14], single multi-branched fluoresceadlymers [15-18] and single polymers with various
fluorescent/phosphorescent units [19-21]. Amongelmolymers, single multi-branched fluorescent pelss with
globular features had improved EL properties by uosty intermolecular interaction; and single
fluorescent/phosphorescent linear polymers whigth savwonderful prospect, incorporated heavy mebahplexes
into the n-conjugation polymers via covalent bonds, couldutiameously utilize the spin-symmetric triplets and
spin-antisymmetric singlets with the ratio of 3a%,theoretically and experimentally demonstrat@e-23].

Recently, single-color hyperbranched polymers wpittosphorescent iridiul{) complexes as emitting cores
were reported [24—26]. Hyperbranched structure Iaegk steric hindrance, which effectively supprdsselet-

triplet annihilation, at the same time phosphoresa@ium(lIl) complexes were incorporated into the main chain

that improved energy transfer efficiency. Therefdrgperbranched structure was utilized to syntleesiauble-
color white-light polymers [27-28]. Aimed at thentml of energy transfer process and charge trapjpirthe EL
process, white-light hyperbranched polymers weraiobd. Meanwhile, the mixing of singlet and tripémergy

levels could improve the utilization ratio of exwis. However, double-color white-light hyperbrartipolymers



with red phosphorescent cores and blue fluoredmemiches had imbalanced white-light EL spectra leeaf a
loss of green emission.

Herein, we designed and synthesized a kind ofetigplor hyperbranched polymer, using two novelria(I1I)
complexes, i. e., green-light Ir(ppiPytzph) with high triplet energy ¢ level and red-light Ir(pig{pytzph) with
low-Er, as cores and polyfluorene (PF) as blue brandimesigh Suzuki reaction. The green-light irididb)Y

complexes could not only act as green-light emisdiot also a ladder for the triplet energy transfethe

hyperbranched polymer. Furthermore, photophysiagbgrties and EL performance were investigated339—

2. Results and Discussion
2.1. Design and Synthesis

The synthesis routes and chemical structures o$pdtarescent iridium(lll) complexes [34—-35] are mattl in
Scheme 1. In order to investigate the photophygoaperties of emitting cores in the hyperbranchelymers,
model complexes bis(2-phenylpyridine)[3-(2-pyridghphenyl-1,2,4-triazoleliridium(ll) [(Ir(ppypytzph)] and
bis(1-phenylisoquinoline)[3-(2-pyridyl)-5-phenyl2l4-triazole]iridium(lIl)  [(Ir(pigk(pytzph)] were synthesized
that exhibited excellent photophysical propertiesng to electron-transporting 1,2,4-triazole awai ligand. The
reaction monomer of phosphorescent iridillij(complexes, green bis(2-(4-bromophenyl)pyridingfyridyl)-
5-(4-bromophenyl)-1,2,4-triazole]iridium(lIl) [IrfpyBr)(pytzphBr)] and red bis(1-(4-bromophenyl)
isoquinolinato)[3-(2-pyridyl)-5-(4-bromophenyl)-14triazole]iridium(lIl) [Ir(pigBr).(pytzphBn)], were
synthesized on the basis of the synthesis routetafroleptic iridium(lll) complexes [36—38] withdfi yield (72%
and 61%). The ligands (ppyBr and pigBr) and the poumds [Ir(ppyBr)(pytzphBr), Ir(pigBr(pytzphBr),
Ir(ppy)x(pytzph) and Ir(picYpytzph)] were verified byH NMR spectroscopy-*C NMR spectroscopy, elemental
analysis and TOF-MS spectrometry.

Scheme 2 illustrates the synthesis routes and claérsiructure of hyperbranched polymers, named PF-
Ir(ppy)(pytzph)m-Ir(pig}(pytzph)n. This series of PF-Ir(ppipytzph)m-Ir(pig}(pytzph)n (m=0, n=5; m=5, n=5
and m=25, n=5) were synthesized from 2,7-bis(%h4i&ramethyl-1,3,2-dioxaborolan-2-yl)-9,9-dioctylirene
(M1), 9,9-dioctyl-2,7-dibromofluoreneM2), Ir(ppyBri(pytzphBr) M3) and Ir(pigBry(pytzphBr) M4) by one-
pot Suzuki polycondensation. The feed ratios ofrtitmomers were 1000: 998.5: 0: 1(m=0, n=5), 10Q0: 4:

1(m=5, n=5) and 1000: 991: 5: 1(m=25, n=5), regpelgt All synthesized polymers have higher yielb%~69%)
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with excellent solubility in common organic solvensuch as tetrahydrofuran (THF), chloroform (CH.Cand
toluene, which favors subsequent wet-processes diorice fabrication. The chemical structures of PF-
Ir(ppy)2(pytzph)m-Ir(pig)(pytzph)n were confirmed by4 NMR spectroscopy.

The number-average molecular weights \\Mand weight-average molecular weights jMof these
hyperbranched polymers were determined by gel paiare chromatography (GPC). The,Mind M, of

synthesized polymersanged from 10.41 to 13.62 and from 22.23 to 36./&3pectively, with

polydispersity indices (PDIs) from 2.14 to 2.689e data above indicate that both hyperbranchéaness

have appropriate molecular weight and narrow distion of molecular weight. The thermal propertie=re also
studied by thermogravimetric analysis (TGA) andfedéntial scanning calorimetry (DSC) under nitrogen
atmosphere. The hyperbranched polymers have hdgtilist that the thermal decomposition temperat(iFg)

exceeds 390 and the glass-transition temperaturg) @re 151, 133 and 140, respectively, higher than that of

linear polymers [39-40] owing to their large stdrindrance of hyperbranched structure. The dgbednal stability
is in favor of forming excellent polymer films anehlizing stability in the fabrication process ofOMEDS.
Scheme 1Synthesis routes of red and green phosphoresadiotm(II) complexes.
Scheme 2Synthesis routes of PF-Ir(ppipytzph)m-Ir(pigy(pytzph)n.
Table 1 Molecular weights and thermal properties of PBgy(,(pytzph)m-Ir(pig}(pytzph)n.
2.2. Optical Properties

In order to investigate the possibility of energmnsfer in such three component emissions fromlesing
hyperbranched polymers, UV-vis absorption spectrd BL spectra of fluorescent PF and two phosphergsc
chromophores [Ir(ppyipytzph) and Ir(pigfpytzph)] are measured as shown in Fig. 1. Therpbsa band of
Ir(piq)»(pytzph) between 410 and 550 nm is assigned to°BILCT transitions, which overlaps PF emission band
among 410~550 nm. Similarly, the absorption spectofi green Ir(ppypytzph) overlaps PF emission band at the
region of 410~460 nm, smaller than the overlappaddbof Ir(pig}(pytzph). Therefore, more effective energy
transfer occurs from blue PF segments to red [fmgtzph) than to green Ir(ppy¥pytzph). All these results
illustrate effective Forster energy transfer in tifiigle-color system that ensures high-quality eHight emission.
Fig. 1. The UV-vis absorption spectra and PL spectra oflifpy)(pytzph) and Ir(pigg(pytzph) in diluted CHGI

solution.



The UV-vis absorption spectra and photoluminesc€Rtg spectra of PF-Ir(ppypytzph)m-Ir(pig}(pytzph)n in
diluted CHC} solution and solid films are shown in Fig. 2, aledailed data are summarized in Table 2. In diluted
CHCI; solution, all hyperbranched polymers exhibit samif the maximum absorption peaks at about 385 nm,
assigned to the—x* transitions of PF backbones (Fig. 2a). The abgwrgiand of iridium{I ) complexes have not
been detected owing to the comparatively low cdniernthese polymers and large distance betweercewlja
molecules in diluted CH@lsolution. In films (Fig. 2b), compared with in gtibn, the maximum absorption bands
have a little red-shift and broader absorption bhedause the interaction between adjacent molechlains
enhances aggregation that results in inter- amd-titains transition of delocalizedelection [25]. In PL spectra
(Fig. 2a and 2b), the maximum emission peaks itetll CHC} solution of hyperbranched polymers are at 416,
439 nm and a shoulder peak at 470 nm, however,rmamiemission peaks in films are located at 421, 484,
498 and 616 nm. The emission peak at 437 nm ity fstiable in both solution and film owing to theda steric
hindrance in the hyperbranched structure. While éiréssion peaks at 415 nm in solution has 5 nmshéft-
compared to the film, meanwhile, the red emissiodil& nm appears in film. This phenomenon couléxX@ained
as follows. In diluted solution, adjacent molecutee dispersed in solvent forming disordered aearent and
Forster energy transfer is dominated by intra-mdecinteraction. In films, the molecules are athaggregation
states which result in Forster energy transfer dated by inter-molecular interaction. Compared wiitht of
Ir(piq)2(pytzph), the red emission peak (616 nm) from Rpply):(pytzph)m-Ir(pig}(pytzph)n has 18 nm red-shift
owing to the large conjugacy for effective interfgsular and intra-molecular Forster energy trangf8}. Though
the content of green iridium complexes increaseBRAr(ppyX(pytzph)25-Ir(pig)(pytzph)5, the green emission
peak is still absent. Because green cores act migtas green emission units, but also as a chasihehergy
transfer from Ir(ppy)pytzph) to Ir(pig)(pytzph). The fluorescence quantum efficiencies ¢Rivi films are also
investigated, as shown in Table 2. The QYs of Rdpl)(pytzph)m-Ir(pigi(pytzph)n(m=5, n=5 and m=25, n=5)
are higher than that of PF-Ir(pipytzph)5 owing to the introduction of Ir(ppi®ytzph). Because Ir(ppypytzph)
could capture the-electron from singlet PF segments, at the same itmerrupt the conjugacy of the PF segment
and prevents energy transfer back from Ir(gmjtzph) to PF which is far away from the red lg)p{pytzph) core
[41,42].

Fig. 2. The UV-vis absorption spectra and PL spectra ofr@ipy)(pytzph)m-Ir(pigy(pytzph)n in 1¢ mol/L

CHCI; solution (a) and films (b).



Table 2 The UV-vis and luminescence data, and electroatemproperties of PF-Ir(ppy(pytzph)m-
Ir(pig)2(pytzph)n.
Fig. 3. Phosphorescent spectra of Ir(pgipytzph) and Ir(pig(pytzph) at 77 K in 2-methyltetrahydrofuran.

Fig. 3 shows phosphorescent spectra of Ir(g§pyjzph) and Ir(pig)pytzph) at 77 K, which could be used to
calculate triplet energy levels [43,44]. The maximamission peak of Ir(ppypytzph) locates at 481 nm with E
of 2.58 eV. Similarly, E of Ir(piq).(pytzph) is 2.12 eV, lower than that of Ir(pglpytzph), which could restrain
energy transfer back from Ir(pigpytzph) to Ir(ppy)(pytzph) and improve the utilization of excitonsndegy
transfer sketch of PF-Ir(ppypytzph)m-Ir(pigy(pytzph)n is shown in Fig. 4. Some excitons frontiexd PF
segments transfer to Ir(ppytzph) and Ir(pigypytzph) by intersystem crossing (ISC) as a resfuhe spin-orbit
coupling of heavy metals in PF-Ir(ppipytzph)m-Ir(pig}(pytzph)n (m=>5, n=5 and m=25, n=5) (Fig. 4a). Eow#
from excited Ir(ppy)(pytzph) would directly transfer to the triplet ege level of PF (2.15 eV) by Dexter energy
transfer [45,46], and then excitons would be trappe Ir(pigk(pytzph) which could utilize both singlet and tepl
excitons to realize red emission. Meanwhile, mosited PF segments would realize blue emission, somde
excited Ir(ppy)(pytzph) would realize green emission. Thereforg;Ifppy)(pytzph)m-Ir(pigy(pytzph)n (m=5,
n=5 or m=25, n=5) could achieve triple-color wHitgit emission. While in PF-Ir(pigipytzph)5 (Fig. 4b),
excitons from excited PF segments are directlysfieanto Ir(pig}(pytzph)5 by ISC which could realize red
emission. Most excited PF segments would realipe leimission, and then double-color white-light einis is
achieved.

Fig. 4. Energy transfer sketch in PF-Ir(ppipytzph)m-Ir(pig}(pytzph)n (m=5, n=5 and m=25, n=5) (a) and PF-
Ir(pig)2(pytzph)5 (b).
2.3. Thin film morphologies

The morphologies of PF-Ir(ppypytzph)5-Ir(pig}(pytzph)5 film and annealed film coated on ITO gswere
investigated by atomic force microscopy (AFM), &aswn in Fig. 5a, b. The film and annealed film shawall
roughness with the root mean square (RMS) of 2raland 1.79 nm (5xam?), respectively. The annealed film
has smaller RMS than the film owing to the molecpleristalsis in the process of annealing treatmEmugh the
Ir(ppy)(pytzph) has three-dimensional configuration, tlra morphologies has not been influenced owinght® t
low content and the hyperbranched structure [47addition, the UV-vis absorption spectra and Pecs@ of the

annealed PF-Ir(ppypytzph)5-Ir(pig}(pytzph)5 films are shown in Fig 5c. The maximuns@iption peak of the
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annealed film is located at 381 nm with a 4 nm tdhiét than the film, and the emission peaks acatied at 432,
450, 483, 517 and 615 nm. Compared to the film authannealing treatment, the emission peak at 481 n
disappears because the molecular peristalsis ogtthe process of annealing treatment that regulise ordered
arrangement of the molecules.
Fig. 5. AFM 3D images (5x5um?) of PF-Ir(ppy)(pytzph)5-Ir(pig)(pytzph)5 film (a) and film annealed at £G0
for 15 min (b) coated on ITO glasses; and the W/absorption spectra and PL spectra of PF-Irggpylzph)5-
Ir(piq).(pytzph)5 film and film annealed at 1@ for 15 r{i) coated on quartz glasses.
2.4. Electroluminescent Properties

To investigate electroluminescent (EL) performanioedevices of synthesized hyperbranched polyntgps;al
single-layer white-light emitting devices with a néiguration of indium-tin oxide (ITO)/ poly(3,4-
ethylenedioxythiophene):poly(styrenesulfonate) (RHDPSS) (40 nm)/PF-Ir(ppy(pytzph)m-Ir(pig)(pytzph)n
(80 nm)/TPBI (40 nm)/LiF (0.8 nm)/Al (100 nm) welgricated. The LUMO level of TPBi (-2.8 eV) coultatch
with the LUMO level of PF-Ir(ppylpytzph)m-Ir(pigi(pytzph)n (around -2.96 eV) that makes the elestron
injection and transmission easier. The HOMO leviethe PF-Ir(ppy)(pytzph)m-Ir(pig}(pytzph)n (around -5.84
eV) is reduced 0.64 eV than PEDOT:PSS (-5.2 eVh witsmall injection barrier. The EL spectra of PF-
Ir(ppy)A(pytzph)m-Ir(pig}(pytzph)n nearly cover the whole visible light mgi are shown in Fig. 6a, b and ¢, and
the maximum emission peaks and CIE coordinatedisiesl in Table 3. In EL spectra, all emission peak PF-
Ir(ppy)A(pytzph)m-Ir(pig}(pytzph)n are located at about 432, 460, 492 afidnB2 with a red emission at 624 nm.
However, the emission peaks of PF-Ir(pfyytzph)m-Ir(pig)(pytzph)n (m=5, n=5 and m=25, n=5) at 488 nm and
520 nm enhance with increasing driving voltage,oltdould be attributed to the introduction of Ingiybpytzph).
With increasing voltage, blue emission of PF-Ir(pfytzph)m-Ir(pig}(pytzph)n (m=5, n=5 and m=25, n=5)
decreases proving that more effective energy tearesfists, but PF-Ir(piglpytzph)5 has no obvious difference. In
EL process, carriers are injected from both catfeodtbanode and charge trapping mechanism domigegdsally
[48,49]. At low driving voltages, effective Forstenergy transfer could occur from PF to Ir(pfmYytzph) and
Ir(pig)2(pytzph) in PF-Ir(ppyXpytzph)m-Ir(pig}(pytzph)n (m=5, n=5 and m=25, n=5), and capturedtens in
Ir(ppy)(pytzph) could also transfer to Ir(piPytzph) through PF segments, which results in weall green
emission at low driving voltages. In PF-Ir(pi(Pytzph)5, effective Forster energy transfer ist jilem PF to

Ir(piq)2(pytzph). As the driving voltage increases, dirgltarge trapping of Ir(ppy(jpytzph) and Ir(pig)pytzph)
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enhances because of abundant injected electronsaesl Therefore, charge trapping of green codoiminated
that green-emission by radiative transition coué dbserved. The CIE coordinates of PF-Ir(pfmytzph)m-
Ir(pig)2(pytzph)n (m=0, n=5; m=5, n=5 and m=25, n=5) arewsh in Fig. 6d. PF-Ir(ppyfpytzph)5-
Ir(piq)2(pytzph)5 has a better CIE coordinate around (D32), closer to the standard white emission (00333)
than PF-Ir(pig)(pytzph)5 owing to the introduction of green-enossi Similarly, PF-Ir(ppy)pytzph)25-
Ir(piq)2(pytzph)5 also has a better CIE around (0.31, d&®4ted in the white-emission region.

Fig. 6. EL spectra at different driving voltages of PRig).(pytzph)5 (a), PF-Ir(ppyipytzph)5-Ir(pig}(pytzph)5

(b) and PF-Ir(ppypytzph)25-Ir(pig)(pytzph)5 (c); and the CIE coordinates (d) of Rpi).(pytzph)5 6), PF-

Ir(ppy)2(Pytzph)5-Ir(pig)(pytzph)5 ¢) and PF-Ir(ppy)pytzph)25-Ir(pig)(pytzph)s ().

Fig. 7. Luminance-current density-current efficiency (IGE) curves of the devices from PF-Ir(pgpytzph)m-
Ir(pig)2(pytzph)n.
Table 3EL performances of the synthesized PF-Ir(pfmytzph)m-Ir(pig}(pytzph)n.

The luminance-current density-current efficiencyJ(CE) curves of the devices are shown in Fig. d e
detailed data are listed in Table 3. PF-Ir(pfytzph)m-Ir(pig}(pytzph)n (m=5, n=5 and m=25, n=5) have better
EL performance. PF-Ir(ppy(pytzph)5-Ir(pigi(pytzph)5 achieves the best EL performance witbra-on voltage
of 5.6 V, the maximum luminance of 13 415 ctland the maximum current efficiency (G of 11.49 cd/A. The
fabricated devices in this work do not contain #ddal hole-transporting layers in addition to PEDPSS and
remains a little injection barrier which results time high turn-on voltage. The maximum luminanceP&¥-
Ir(piq)»(pytzph)5 is just 5 976 cdfmwith CEnax 1.29 cd/A, which proves that the introduction dbpphorescent

green iridium{II) complexes in hyperbranched structure could effelst improve the EL performance. At the

same time, in hyperbranched structure, iridilim( dnpkexes are encircled by PF branchekich effectively
suppresses concentration quenching and tripldetriT@-T) annihilation. Therefore, the “roll-off’ |pnomenon
could be restrained. However, the concentratioir(ppy)(pytzph) in PF-Ir(ppyXpytzph)25-Ir(pig)(pytzph)5 is
too high that the EL efficiencies decline with ieasing current density to some extent.

Compared with double-color hyperbranched polym2v, [triple-color phosphorescent hyperbranchedmpehg
exhibit optimized EL performance by the introdunt@f phosphorescent green-light Ir(pgpytzph). These results

indicate that triple-color phosphorescent hyperbnad polymers would be promising candidates fopldisand

8



solid-state lighting purpose. Therefore, investaya of triple-color phosphorescent hyperbranchelgmers are

on the way to improve EL performance further.

3. Conclusion

In conclusion, we have succeeded in synthesizikipé of triple-color hyperbranched polymers, inamnggting
green Ir(ppy)(pytzph) and red Ir(pigjpytzph) as the cores and blue PF segments asattidodnes. The large
steric hindrance of hyperbranched structure effeltirestrains triplet-triplet (T-T) annihilatiorf phosphorescent
iridium(I) complexes and largely improvethe energy transfer efficiency. Single-layer desi of PF-
Ir(ppy)(pytzph)m-Ir(pigy(pytzph)n were fabricated with excellent EL perfame. PF-Ir(ppylpytzph)5-
Ir(pig)2(pytzph)5 exhibits better white EL spectra with i €oordinate of (0.32, 0.34), and the maximum GE o
11.49 cd/A. These excellent results demonstrate tthide-color phosphorescent hyperbranched polgneauld

achieve preferable EL performance that should leplgénvestigated in the future.

4. Experimental Section
4.1. Materials

All the raw materials were purchased from Energgr@ical companies and used without further puriidcat
The solvents used for the synthesis of the inteiatesi and end-products were purified by routine@doires under
nitrogen protection. 2,7-Bis(4,4,5,5-tetramethyd;2;dioxaborolan-2-yl)-9,9-dioctylfluoren&i), 9,9-dioctyl-2,7-
dibromofluorene N12) were synthesized according to Reference [50,51].
4.1.1. Synthesis of 2-(4-bromophenyl)-pyriding)

2-Bromopyridine (1.57 g, 10 mmol) and 4-bromophboybnic acid (2.01 g, 10 mmol) were added into the
solution of toluene (20 mL) and ethanol (5 mL), astifred under nitrogen atmosphere. Then tetrakis
(triphenylphosphine) palladium (Pd(Pfh (34.68 mg, 0.03 mmol) and an aqueous solutic? wibl/L NaCO; (8

mL) was added to the stirred mixture. The reactioxture was then stirred at T0for 8 h. After cooling to room

temperature, the reaction mixture was extractedgusiichloromethane/water, and then the organicrlayes
separated and concentrated. Finally, the crudeuptodas purified by column chromatography using ¢heent
hexane/ethyl acetate (7:1). The resulting transpa@lid product was achieved with a yield of 722418 g). M

63~64C. 'H NMR: (600 MHz, CDCk): 5(ppm)= 6.9 (d, J=4.8 Hz, 1 H), 7.88 (dt=8.4 Hz, J=2.4 Hz, J=1.8
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Hz, 2 H), 7.75 (dd,37.8 Hz, 3=1.8 Hz, 1 H), 7.70 (dt,37.8 Hz, 3=0.6 Hz, 1 H), 7.60 (dt,38.4 Hz, J=2.4 Hz,
J%=1.8 Hz, 2 H), 7.25 (ddd,;37.2 Hz, 3=4.8 Hz, d=1.2 Hz, 1 H)."*C NMR: (600 MHz, CDC}): 8(ppm)=
156.38, 149.91, 138.38, 137.00, 132.00, 128.59,572322.56, 120.42. Element Anal. Calcd (%): CA86H,
3.44; N, 5.98. Found (%): C, 56.28; H, 3.33; N9%.9
4.1.2. Synthesis of 1-(4-bromophenyl)-isoquindid& (L2).

1-Chloroisoquinoline (1.63 g, 10 mmol), 4-bromopylboronic acid (2.00 g, 10 mmol) and
tetrakis(triphenylphosphine)palladium (Pd(RRh(34.68 mg, 0.03 mmol) were dissolved in the migetution of
degassed toluene (20 mL) and ethanol (5 mL). Timeacaeous solution of 2 mol/L MaO;(8 mL) was added to
the stirred mixture. Subsequently, the resultingtone was slowly heated to @4 and stirred overnight. After
cooling to room temperature, the reaction mixturaswashed with water, dried under anhydrous magmesi
sulfate. Finally, the solvent was removed and #®due was purified by column chromatography @ilgel,
dichloromethane/hexane=1:4). A white needle crysts isolated with a yield of 78% (2.21 g),:N80~85C. H
NMR: (600 MHz, CDCL): 5(ppm)= 8.61 (d, J=5.4 Hz, 1 H), 7.98 (d, J=3 HAIR 7.74-7.53 (m, 7 H):*C
NMR: (600MHz, CDC}): 8(ppm)= 159.6, 142.4, 138.7,137.0, 131.7, 130.3,5,2¥27.3, 126.7, 123.2, 120.3.
Element Anal. Calcd (%): C, 63.40; H, 3.55; N, 4.88und (%): C, 63.47; H, 3.75; N, 4.86.
4.1.3. Synthesis of 3-(2-pyridyl)-5-(4-bromopheiiyB,4-triazole I(5).

2-Cyanopyridine(2.08 g, 20 mmol) and hydrazine ninyaloate (1.06 g, 21 mmol) were dissolved in ethanol

(~5 mL) in nitrogenThen the mixture solution was stirred for 12 hde-bath. After that, the solvent was removed
by reducing pressure. Subsequently, the crude pteduere washed by diethyl ether and dried, thenniedle
solid was achieved without further purificationjmed (pyridine-2-yl)amidrazone. (Pyridine-2-yl)anadone (1.36
g, 10 mmol) and N&£0O; (1.59 g, 15 mmol) were added into the mixture sofu (60 mL) of THF and N,N-
dimethylacetamide (DMAC) (1:2). The mixture wasrsiil at OC for 15 min. Then 4-bromobenzoyl chloride (2.19
g, 10 mmol) was added and the reaction mixture stmed for another 12 h. Then, the crude prodwetse
washed by water, filtered and dried. Finally, thaites solid was added into anhydrous ethylene gly@dImL) and
heated to 190 for 4 h under nitrogen atmospherterAoling to room temperature, the reaction smiutvas
filtered, washed by water and dried. A white cotstiaped solid without further purification was askdd with a

yield of 63% (1.89 g). M 239~242C. 'H NMR: (400 MHz, CDCL): 5(ppm)= 12.18 (s, 1 H), 8.72 (d, J=4.2 Hz,
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1 H), 8.29 (d, J=8.4 Hz, 1 H), 8.09 (d, J=8.4 HH{)27.90 (dt, $=7.8 Hz, 3=1.8 Hz, 1 H), 7.61 (d, J=8.4 Hz, 2 H),
7.43 (dd, &7.8 Hz, 3=3.6 Hz, 1 H)X®C NMR: (400 MHz, CDCk): (ppm)=162.58, 155.02, 149.51, 145.94,
137.59, 131.80, 129.88, 128.07, 125.16, 123.63,662Element Anal. Calcd (%): C, 51.85; H, 3.01;18,60.
Found (%): C, 51.25; H, 3.33; N, 18.39.

4.1.4. Synthesis of 3-(2-pyridyl)-5-phenyl-1,2 jd#ole (5’).

(Pyridine-2-yl)amidrazone (1.36 g, 10 mmol) and,®@; (1.59 g, 15 mmol) were added into the mixture
solution (60 mL) of THF and N,N-dimethylacetamid®MAC) (1:2) under nitrogen atmosphere. The mixtweaes
stirred at OC for 15 min. Then benzoyl chloride (1.41 g, 10 mnhwdhs added and the reaction mixture was stirred
for another 15 h. Then, the crude products werehadby water, filtered and dried. Finally, the whéblid was
added into anhydrous ethylene glycol (30 mL) andtérk to 190 for 5 h under nitrogen atmosphere. After
cooling to room temperature, the reaction soluti@s filtered, washed by water and dried. A whitedie-shaped
solid without further purification was achieved lvia yield of 67% (1.48 g). M 215~219C. 'H NMR: (400
MHz, CDCk): (ppm)=12.71(s, 1 H), 8.77 (d, J=4.8 Hz, 1 H), §84J=8 Hz, 1 H), 8.23 (d, J=6.8 Hz, 2 H), 7.91
(dt, 3=7.6 Hz, 3=1.6 Hz, 1 H), 7.52-7.41 (m, 4 H’C NMR: (400 MHz, CDCE): 5(ppm)=163.38, 155.22,
149.66, 146.43, 137.76, 130.97, 129.58, 128.80,6826.25.18, 121.95. Element Anal. Calcd (%): C280H,
4.54; N, 25.21. Found (%): C, 70.75; H, 4.68; N,734
4.1.5. Synthesis of bri(2-(4-bromophenyl)pyridiBe(R-pyridyl)-5-(4-bromophenyl)-1,2,4-triazole]iiigm (I11)
(Ir(ppyBr)(pytzphBr):M3 ).

Iridium trichloride hydrate (352 mg, 1.0 mmol), 24romophenyl)-pyridine (515 mg, 2.2 mmol), 2-
ethoxyethanol (21 mL) and water (7 mL) were added & two-neck flask (50 mL) under nitrogen atmasph
The mixture was stirred and refluxed for 15 h. Afteoling to room temperature, more water was aduletl
yellow precipitate came into being. The yellow c¢lde-bridged dimer complexes were filtered and \edshy
water and ethanol, and then dried. The chloriddge dimer complexes (228 mg, 0.2 mmol) were mixed 3-
(2-pyridyl)-5-(4-bromophenyl)-1,2,4-triazole (135gn0.44 mmol) and N&O; (424 mg, 4 mmol) in degassed 2-
ethoxyethanol (16 mL). The mixture was stirred 2&°C under nitrogen atmosphere for 24 h. After cootmgoom
temperature, more water was added into the mixfthien the green precipitate was washed by wateneid and
dried. Finally, the precipitate was purified by woin chromatography (silica gel, dichloromethanefpetm

ether=1:10) to get green powder with a yield of 38%0 mg).\H NMR: (600 MHz, (CDs),0S):5(ppm)= 8.23
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(t, J=6.6 Hz, 2 H), 8.16 (d, J=7.8 Hz, 1H), 8.06J&6.6 Hz, 1 H), 7.90 (t, J=7.8 Hz, 2 H), 7.86Jd8.4 Hz, 3 H),
7.82 (d, J=8.4 Hz, 1 H), 7.65 (d, J=5.4 Hz, 1 HBOA(t, J=7.2 Hz, 2H), 7.24 (d, J=8.4 Hz, 2H), TtAl=6 Hz, 1 H),
7.25 (t, J=7.2 Hz, 1 H), 7.17-7.21 (m, 2H), 7.18,(d=8.4 Hz, J=1.8 Hz, 1 H), 6.21 (d, J=1.8 Hz, 1 H), 6.15 (d,
J=1.3 Hz, 1 H). Element Anal. Calcd (%): C, 43.862.31; N, 8.77. Found (%): C,44.35; H, 2.60; NI8B TOF-
MS, measured, 956.75, calcd, 955.91.

4.1.6. Synthesis of bri(1-(4-bromophenyl)-isoqume[3-(2-pyridyl)-5-(4-bromophenyl)-1,2,4-triazigedium (I11)
(Ir(pigBr)(pytzphBr):M4 ).

Iridium trichloride hydrate (352 mg, 1 mmol), 144emophenyl)-isoquinoline (622 mg, 2.2 mmol), degl 2-
ethoxyethanol (21 mL) and water (7 mL) were all edléhto a two-neck flask (50 mL). The mixture wéisred
and refluxed under nitrogen atmosphere for 15 W, taen cooled to room temperature. A red precipitdtthe
chloride-bridged dimer complexes were collectedradtiding more water. Subsequently, the red saisl filtered,
washed by ethanol and dried. The chloride-bridgeded complexes (316 mg, 0.2 mmol), 3-(2-pyridylj4b-
bromophenyl)-1,2,4-triazole (135 mg, 0.44 mmol) M@CO; (424 mg, 4 mmol) were dissolved in degassed 2-
ethoxyethanol (16 mL). The mixture was stirred 30°C for 24 h. After cooling to room temperature, thesl r
solution was washed by water and filtered, thenpiteeipitate was dried. Finally, the red precigitatas purified
by column chromatography (silica gel, dichlorometyapetroleum ether=1:8) to get red powder witheddyof
34% (144 mg)'H NMR: (600 MHz, (CDs),0S):5(ppm)= 9.01-8.96 (m, 2 H), 8.35 (d, J=8.4 Hz, 1 8182 (d,
J=9 Hz, 1 H), 8.21 (d, J=8.4 Hz, 1 H), 8.11-8.05 8M), 7.92-7.88 (m, 4 H), 7.86 (d, J=9 Hz, 1 )3 (d, J=6
Hz, 1 H), 7.66 (d, J=6.6 Hz, 1 H), 7.65 (d, J=RAa8 1 H), 7.59 (d, J=6.6 Hz, 1 H), 7.56 (d, J=6 M), 7.53 (d,
J=8.4 Hz, 1 H), 7.43 (ddd;37.2 Hz, 3=5.4 Hz, 3=1.2 Hz, 1 H), 7.32 (dd439 Hz, 3=2.4 Hz, 1 H), 7.25 (dd ;39
Hz, }=2.4 Hz, 1 H), 6.39 (d, J=1.8 Hz, 1 H), 6.29 (d2.3=Hz, 1 H). Element Anal. Calcd (%): C, 48.79;248;
N, 7.94. Found (%): C, 49.27; H, 2.86; N, 6.53. TRE, measured, 1056.98, calcd, 1055.94.

4.1.7. Synthesis of bri(2-phenylpyridine)[3-(2-ply)-5-phenyl-1,2,4-triazole]iridium (II1) (Ir(ppyipytzph):M3’ ).

Iridium trichloride hydrate (352 mg, 1.0 mmol), Bemylpyridine (341 mg, 2.2 mmol), 2-ethoxyetharitd (L)
and water (7 mL) were added into a two-neck fld&k fiL) under nitrogen atmosphere. The mixture winsed
and refluxed for 12 h. After cooling to room temgere, more water was added and yellow precipdatee into
being. The yellow chloride-bridged dimer complexesre filtered, washed by water and ethanol, and treed.

The chloride-bridged dimer complexes (214 mg, OrBath was mixed with 3-(2-pyridyl)-5-phenyl-1,2,4&zole
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(98 mg, 0.44 mmol) and N@Os; (424 mg, 4 mmol) in degassed 2-ethoxyethanol (L§ the mixture was stirred
at 136C under nitrogen atmosphere for 20 h. After coolingoom temperature, the green crude products were
washed by water, filtered and dried. Then the prate was purified by column chromatography (ailgel,
dichloromethane/petroleum ether=1:12) to get teegpowder with a yield of 51% (147 mHINMR: (600 MHz,
CDCly): 5(ppm)=8.17 (dd,+¥7.8 Hz, 3=15.6 Hz, 3 H), 8.03 (dt,31.8 Hz, 3=7.8 Hz, 1 H), 7.93 (dd,31.2 Hz,
J3=8.4 Hz, 1 H), 7.87-7.82 (m, 3 H), 7.80 (dg51.2 Hz, J=7.8 Hz, 1 H), 7.76 (d, J=4.8 Hz, 1 H), 7.63-7.58 R

H), 7.37-7.30 (m, 3 H), 7.26 (t, J=7.2 Hz, 1 H1&(ddd, $&1.2 Hz, 3=6 Hz, 3=7.2 Hz, 1 H), 7.13 (ddd,31.2
Hz, =6 Hz, 3=7.2 Hz, 1 H), 6.95 (ddd331.2 Hz, J=6 Hz, 3=7.2 Hz, 1 H), 6.90-6.83 (m, 2 H), 6.75 (ddgs112
Hz, 3=6 Hz, 3=7.2 Hz, 1 H), 6.20 (ddd;30.6 Hz, J=1.8 Hz, 3=8.4 Hz, 2 H). Element Anal. Calcd (%): C, 58.24;
H, 3.49; N, 11.64. Found: C, 57.87; H, 3.89; N9BOTOF-MS, measured, 723.04, calcd, 722.18.

4.1.8. Synthesis of bri(1-phenylisoquinoline)[3pfaidyl)-5-phenyl-1,2,4-triazole]iridium (111) (Inoiq)(pytzph):
M4’ ).

Iridium trichloride hydrate (352 mg, 1 mmol), 1-plyisoquinoline (451 mg, 2.2 mmol), degassed 2-
ethoxyethanol (21 mL) and water (7 mL) were all edléhto a two-neck flask (50 mL). The mixture wéisred
and refluxed under nitrogen atmosphere for 12 W, taen cooled to room temperature. A red precipitetthe
chloride-bridged dimer complexes was collectedraitigling more water. Subsequently, the red soligl filtered,
washed by ethanol and dried. The chloride-bridgated complexes (254 mg, 0.2 mmol), 3-(2-pyridylpBenyl-
1,2,4-triazole (98 mg, 0.44 mmol) and J8&s (424 mg, 4 mmol) were dissolved in degassed 2xgttbanol (16
mL). The mixture was stirred at 18Xor 20 h. After cooling to room temperature, tee solution was washed by
water and filtered, then the precipitate was dri€hally, the red precipitate was purified by colum
chromatography (silica gel, dichloromethane/petroiesther=1:4) to get the red powder with a yield6% (184
mg). *H NMR: (600 MHz, CDCY): 5(ppm)=9.04-8.95 (m, 2 H), 8.33 (t, J=7.8 Hz, 2 BIRO (d, J=1.8 Hz, 1 H),
8.06-7.99 (m, 3 H), 7.92 (d, J=7.2 Hz, 2 H), 7.88%7(m, 4 H), 7.64 (dd;36.6 Hz, 3=10.8 Hz, 2 H), 7.56 (dd,
J=6.6 Hz, 3=18.6 Hz, 2 H), 7.49 (d, J=6 Hz, 1 H), 7.37-7.29 &), 7.26 (t, J=7.2 Hz, 1 H), 7.09 (dz1.2 Hz,
J3=8.4 Hz, 1 H), 7.02 (dt;31.2 Hz, 3=7.8 Hz, 1 H), 6.90 (t, J=6.6 Hz, 1 H), 6.76 (t7B-Hz, 1 H), 6.33 (d, J=7.2
Hz, 1 H), 6.25 (d, J=7.2 Hz, 1 H). Element Anallddg%): C, 62.83; H, 3.56; N, 10.22. Found: C,/21 H, 3.89;

N, 10.78. TOF-MS, measured, 821.95, calcd, 822.21.

4.2. General procedure for polymerization.
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Under nitrogen atmosphere, the reactive monomdrsM2, M3 andM4 with different ratios (1000:998.5:0:1,
1000:997:1:1 and 1000:991:5:1) were dissolved lnetze (20 mL). The mixture was stirred for 30 mirr@om
temperature. Then catalyst of Pd(BRH2 mol%) was added to the reaction mixture and ritigture was
continually stirred. Subsequently, methyl trioceghmonium chloride (Aliquat 336) and aqueous sofutid 2
mol/L K,CO; (10 mL) were added, and then the mixture was sldwehted to the refluxing temperature for 60 h.
After that, the polymers were capped by adding beelzoronic acid (20 mg) with extra reaction forhl2and then
bromobenzene (0.2 mL) was added with continuougtiogafor another 12 h. Finally, the whole reactsmiution
was cooled to room temperature and washed by wanher,then the organic layer was evaporated to @icer
concentration and poured into the stirred methgB6D mL). Subsequently, the precipitate was cadiédby
filtration and purified by soxhlet extraction wititetone to remove the small molecules and catadg&iue. The
crude products were purified by column chromatolgyafsilica gel, dichloromethane/THF=15:1), and fhee
solid powder was achieved.

PF-Ir(pig)2(pytzph)5

M1(642.6 mg, 1 mmol)M2 (547.6 mg, 0.9985 mmol), and4 (1.05864 mg, 0.001 mmol) were used for
polymerization with a yield of 49% (381 mgHNMR: (600 MHz, CDC)): 5(ppm)=7.84 (1 H, Ar-H), 7.73-7.63 (2
H, Ar-H), 2.13 (2 H, CH), 1. 26-1.04 (10 H, 5 C}} 0.90-0.73 (5 H, CH CH).
PF-Ir(ppy)(pytzph)5-Ir(pio)(pytzph)5

M1(642.6 mg, 1 mmol)M2 (546.8 mg, 0.997 mmolM3 (0.95591 mg, 0.001 mmol), and4 (1.05864 mg,
0.001 mmol) were used for polymerization with algjief 64% (499 mg)*H NMR: (600 MHz, CDCJ): 5(ppm)=
7.84 (1L H, Ar-H), 7.73-7.64 (2 H, Ar-H), 2.11 (2 BH,), 1.28-1.04 (10 H, 5 C})\, 0.86-0.73 (5 H, CH CHj).
PF-Ir(ppy)(pytzph)25-Ir(pigy(pytzph)5

M1(642.6 mg, 1 mmol)M2 (543.5 mg, 0.991 mmolM3 (4.77955 mg, 0.005 mmol), ad4 (1.05864 mg,
0.001 mmol) were added in the polymerization witlyield of 57% (445 mg)’H NMR: (600 MHz, CDCJ):
d(ppm)= 7.84(1 H, Ar-H), 7.74-7.62(2 H, Ar-H), 2.22H, CH,), 1.26-1.06(10 H, 5 C}), 0.92-0.76(5 H, CH
CHg).

4.3. Instruments and characterization
'H NMR and**C NMR spectra were measured using Bruker DXR 600zMH400 MHz spectrometers with

tetramethylsilane as internal reference in dewtdrahloroform or dimethyl sulfoxide. Elemental aisals were
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conducted on a Vario EL elemental analyzer, and-M3-analysis was performed on Bruker MALDI-TOF. The
molecular weights of the PF-Ir(ppi®ytzph)m-Ir(pig}(pytzph)n were determined by waters GPC 2410 Uk
as eluent. TGA curves were recorded on a Netzscl2Q%F3 at a heating rate of°@@nin under nitrogen flow.
DSC curves were measured on TA Q2000 under nitrfiggnat a heating rate of I0min. UV-vis absorption
spectra were recorded on a Hitachi U-3900 specttopheter in diluted CHGIsolution of 1 mol/L and thin
solid films coated on quartz plate by spin-coatimgcess from 12 mg/mL toluene solution. The PL spewere
recorded on a Fluoromax-4 spectrophotometer ifi t@l/L CHCL solution or thin solid films with 365 nm
excitation. The phosphorescent PL spectra weremaésasured by a Fluoromax-4 spectrophotometer &t in72-
methyltetrahydrofuran. Cyclic voltammetry (CV) dataere measured on the Autolab/PG STAT302
electrochemical workstation with a three-electrod# in acetonitrile (0.1 mol/L) solution of tetnadylammonium
perchlorate as electrolyte at a scan rate of 50sma¥Vfoom temperature under nitrogen atmosphef#mfof PF-
Ir(ppy)(pytzph)m-Ir(pig}(pytzph)n was coated onto the working electrodtgblate and calomel electrode acted
as the reference electrode at room temperature.
4.4.Device fabrication

The electroluminescent devices with the configoratif ITO/PEDOT:PSS (40 nm)/polymers (80 nm)/TP&] (
nm)/LiF (0.8 nm)/Al (100 nm) were fabricated witietfollowing general procedure. ITO patterned giagsstrates
were pre-cleaned, followed by,@lasma treatment for 8 min. In the glove boxesD@E:PSS layer was spin-
coated at 2000 rpm for 60 s, and then anneale@@amin at 128C. The toluene solution (12 mg/mL) of PF-
Ir(ppy)(pytzph)m-Ir(pig}(pytzph)n was spin-coated onto the uniform PEDOE.R&er, yielding a 80 nm single
emitting layer. Subsequently, the substrates wereaed at 10C for 15 min. Finally, a 40 nm thick TPBi
electron transporting layer, a 0.8 nm thick LiFdagnd a 100 nm thick Al layer were deposited asgures below
10" Pa, separately. The current-voltage-luminescertwracteristics of the devices were recorded using a
combination of a Keithley source meter (model 2682) a luminance meter. The EL spectra and ClEdauates
of the devices were analyzed with a spectra-sca&8b®Rpectrophotometer. All measurements were peeddrat

room temperature.
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Table 1 Molecular weights and thermal properties of PBgy(,(pytzph)m-Ir(pig}(pytzph)n.

1 0
M. M, Feed ratio (mol%) Ty T,
Polymers (x10%) (x10%) PDI  Ir(ppy)(pytzph)  Ir(pigy(pytzph) (C) (C)
PF-Ir(piqy(pytzph)5 13.62 36.70  2.69 0 0.05 399 151
PF-Ir(ppy)(pytzph)5-
Ir(piq)»(pytzph)5 10.41 2223 214 0.05 0.05 419 133
PF-Ir(ppy)(pytzph)25-
Ir(piq)»(pytzph)5 12.46 2012 234 0.25 0.05 419 140

Table 2 The UV-vis and luminescence data, and electroatedmproperties of PF-Ir(ppypytzph)m-

Ir(pig)z(pytzph)n.

Solutiorf(nm) Film(nm) QY° E, HOMO LUMO
g

Polymers Aabs ApL Aabs ApL (%) (eV) (eV) (eV)

PF-Ir(pigy(pytzph)5 387 417/439/468 386  422/438/464/494/6180 12.90 -579  -2.89
PF-Ir(ppy)(pytzph)s
-Ir(pig)(pytzph)5 385 416/439/469 385  421/437/464/494/6169 12.88 -5.84  -2.96

PF-Ir(ppy)(pytzph)25

-Ir(pig)(pytzph)5 386 417/439/470 386  420/437/465/498/6185 12.90 -5.79  -2.89

2 The solution was I®mol/L in CHCE.

® The QYs were measured in films spin-coated frolmetoe solution.
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Table 3EL performances of the synthesized PF-Ir(pimytzph)m-Ir(pig}(pytzph)n.

Vwrn-on L max CEmax
Polymers AeL(nm) V) (cd/nf) (cd/A) CIE
PF-Ir(piq)(pytzph)5 432/464/492/524/624 75 5976 1.29 (00225)
PF-Ir(ppy)(pytzph)5
-Ir(pig)2(pytzph)5 432/460/488/520/624 5.6 13 415 11.49  2(00334)
PF-Ir(ppy)(pytzph)25
-Ir(pig)2(pytzph)5 432/460/492/520/626 8.2 6 030 7.81  (00334)
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HO-g-OH S
< N
N+ Pd(pph),/Na,COs IrCl3.nH,O
r  reflux, 24h 2-Ethoxyethanol/wate

2
R
L1
HO-g-OH
< g
@ R Pd(pph)./Na,CO;
Cl R reflux, 24h

HoN
L4 + L3 NaCOs
reflux, 24h
NaCO;
L5 + L3
reflux, 24h

R=Br; L3 =pytzphBr; M3=Ir(ppyBr)(pytzphBr); M4=Ir(pigBr),(pytzphBr)
R=H; L3'=pytzph;  M3'=Ir(ppy)(pytzph); M4 =Ir(piq)(pytzph)

Scheme 1Synthesis routes of red and green phosphoresagiom(I) complexes.
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Pd(PPR)4| Toluene
K2C03 reflux

Feed RatidqM1:M2:M3:M4):
PF-Ir(pigy(pytzph)5=1000:998.5:0:1; PF-Ir(ppyy)pytzph)5-Ir(pigy(pytzph)5=1000:997:1:1
PF-Ir(ppy)(pytzph)25-Ir(pig)(pytzph)5=1000:991:5:1

Scheme 2Synthesis routes of PF-Ir(ppipytzph)m-Ir(pigy(pytzph)n.
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Fig. 1. The UV absorption spectra and PL spectra of Rpp¥h(pytzph) and Ir(pigg(pytzph) in diluted CHGI

solution.
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Fig. 2. The UV-vis absorption spectra and PL spectra ofr@ipy)(pytzph)m-Ir(pigy(pytzph)n in 1¢ mol/L

CHCl; solution (a) and films (b).
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Fig. 3. Phosphorescent spectra of Ir(pgipytzph) and Ir(pig)(pytzph) at 77 K in 2-methyltetrahydrofuran.
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PF = 2.12 eV
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Fig. 4. Energy transfer sketch in PF-Ir(ppipytzph)m-Ir(pig}(pytzph)n (m=5, n=5 and m=25, n=5) (a) and PF-

Ir(pig)2(pytzph)5 (b).

[um]

27



1.0- L 1.0
s —a— UV
5 0.8+ —e—PL -0.8 2
I —
>~ =
= o+
= 0.6 L0.6 @
=
o ©n
3 g
= 0.4 0.4 =~
o
> =
- N
0.2- L 0.2
001 _ / . . . ; ==t (0.0
300 400 500 600 700
Wavelength(nm)

Fig. 5.AFM 3D images (5xmm?) of PF-Ir(ppy}(pytzph)5-Ir(pig)(pytzph)5 film (a) and film annealed at £G0
for 15 min (b) coated on ITO glasses; and the U¥ Rh spectra of PF-Ir(ppypytzph)5-Ir(pigy(pytzph)5 film

and film annealed at 160 for 15 nfir) coated on quartz glasses.
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Fig. 6. EL spectra at different driving voltages of PRig),(pytzph)5 (a), PF-Ir(ppylpytzph)5-Ir(pig}(pytzph)5

(b) and PF-Ir(ppypytzph)25-Ir(pig)(pytzph)5 (b); and the CIE coordinates (d) of R@ity).(pytzph)5 ), PF-

Ir(ppy)(pytzph)5-Ir(pig)(pytzph)5 ¢) and PF-Ir(ppy)pytzph)25-Ir(pig)(pytzph)S ().
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Fig. 7. Luminance-current density-current efficiency (IGEH curves of the devices from PF-Ir(pgpytzph)m-

Ir(piq)z(pytzph)n.
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* 6 o

Triple-color white-light polymers were designed and synthesized.

Polyfluorene acts as the backbone in the hyperbranched polymers.

Green Ir(ppy)2(pytzph) and red Ir(pig)2(pytzph) act as the cores in the
hyperbranched polymers.

The introduction of green Ir(ppy)2(pytzph) has improved the electroluminescent

performance.



