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A series of hyperbranched copolymers were desigmedsynthesized, achieving the
aggregation-induced emission (AIE) and a Commissitearnational de I'Eclairage

coordinate of (0.33, 0.34).
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ABSTRACT

In this work, a new series of hyperbranched polyg@rPFTPE-Ir(pigg-X(X=1, 5, 10) were
designed and synthesized, in which tris(1-phenglismoline)iridium(II) (Ir(piq)s) acts as red
emission core and PFTPE acts as branches. The pblysioal study reveals that these
hyperbranched polymers exhibit aggregation-indwsradssion (AIE) characteristic, inducing
in much higher photoluminescent quantum vyietBy)Y in neat film than that in dilute
tetrahydrofuran (THF) solution. The white-light ORDE using PFTPE-Ir(pig)X as emission

layer show rather weaker efficiency roll-off. Espdly, the white-light OLED based on



PFTPE-Ir(pig)-5 as emission layer shows a maximum luminances864d/m, a maximum
luminous efficiency of 2.43 cd/A, a maximum extdrgaantum efficiency of 1.08% and the

Commission Internationale de I'Eclairage coordiraft€0.26, 0.36).
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1. Introduction

Different from illumination source of light emitgndiodes (LED), white-light organic light
emitting devices (WOLEDs) owing to such propertees high contrast, lightweight, and
flexibility have gained plenty of attention recentln addition, WOLEDs provide a novel
approach to achieve large-area solid state lightipngvet-processes, which are regarded as
potential candidates for next-generation illumioatsources in the future [1-5]. In the last
decades, WOLEDs with various kinds of device aeditiires have been fabricated [6-11],
such as multilayer architectures with different #img polymers, multilayer phosphorescent
emitters and single layer with doping systems olympers [12-15]. However, owing to
intrinsic phase separation, WOLEDs with above aechires show rather lower luminous
yield and shorter lifetime. Thus, it is very impamt and practical to design and synthesize
white-light polymers composed of different cologht-emitting units by conjugation of
covalent bonding, which can act as single emiskiger toimpel reduction of heterogeneous
interfaces and improve device performance of WOLEIBs19]. At present, the triple-color
white-lightpolymers have been reported and attchcteidespread attention [20,21].
Conjugated copolymers derived from polyfluorenehwithosphorescent emitter have been

demonstrated to achieve efficient white light emsissPhosphorescent light emitting units are



introduced in linear structures of poly(9,9-diofitydrene) (PFO), which serve as single
emission layer to improve device performance of WOk [20,21]. For instance, the
triple-color white-light polymers have been prephend reported by Prof. Cao’s group, in
which bis(1-phenylisoquinoline)(dibenzoylmethandjum(lll) and fluorenone groups are
introduced into PFO chains as red light units ameeg light units, respectively [22].
Nevertheless, conjugation interactions betweencadjachains in linear polymers might lead
to lower luminous efficiency and worse stabilityWOLED.

It had been known that hyperbranched polymers witee-dimensional structure exhibit
larger space steric hindrance, which can markeedyrain intermolecular interactions and
aggregation between the adjacent polymers [23-BAjreover, they also possess such
properties as good solubility, minimization of wdaable crystallization and excellent
film-forming property, which can satisfy the demanaf fabrication WOLEDs by ink-jet
printing.

As mentioned above, property of white-light polynmem be improved by introducing
hyperbranched structure, especially, the separatfosurrounding long conjugation chains
can improve efficiency stability in some extenttBte long conjugation chains twine around
each other in film state, which induces in fluosrsme aggregation-caused quenching (ACQ)
effect. Hence, WOLEDs based on hyperbranched pak/mbeow some efficiency roll-off
phenomenon in high current density. Fortunatelypriéscence aggregation-induced emission
(AIE) as a remarkable phenomenon was first repobtgdProf. Tang’'s group since 2001,
which has developed explosively and gained remé#ekatiention in these years [26]. To

explain the unconventional AIE phenomenon, therigsin of intramolecular rotation is



demonstrated as the mechanism based on valid eéd@ii,28]. Compared with traditional
organic luminophores, AIE luminogens (AIEgens) gmoany advantages in aggregated state,
for example, high brightness, high luminous efiimg and excellent photostability, which
have been utilized in OLEDs [29-3Zmong reported AlEgens, tetraphenylethene (TPE)
with twisted configurations is the most represemeabne. In dilute tetrahydrofuran (THF)
solution, TPE is practically nonluminescent, whtlee fluorescence is dramatically enhanced
with adding poor solvent water into THF, attribgfino the principle of restricted
intramolecular rotation (RIR) to weakn stacking interactions in solid state [33]. Based o
above points, insertion of AlEgens of TPE in hypanched polymer is expected to restrain
ACQ conjugation chains and improve efficiency digbeventually.

Here, a series of white-light hyperbranched polyneere designed and synthesized, in
which tris(1-phenylisoquinoline)iridiunbi()(Ir(piq)s) serves as red phosphorescent cores and
PFO inserting AIEgen of TPE acts as branches. Bystédg content of red phosphorescent
core of Ir(pig}, a series of white-light hyperbranched polymersensy/nthesized, which were
also used as single emission layer of WOLEDs. Tdgyressed nearly no efficiency roll-off
under high current density [34-36].

2. Experimental section
2.1 Materials

All commercially available reagents were not furtperified unless otherwise specified.
The solvents (e.g. dichloromethane, tetrahydrofumaethanol and chloroform) were purified
by conventional procedures. The synthetic routes ba seen in Scheme 1. During

synthesizing process, the 1,2-Bis(4-bromopheny)ediphenylethene M1) [37,38] and



tris(1-(4-bromophenyl)isoquinoline)iridiu{)(Ir(pigBr)s) (M2) were prepared according to
references [23,25The M3 was purchased from J&K Scientific Company directly
2.2 Synthetic Section

1) 1,2-Bis(4-bromophenyl)-1,2-diphenyl ethene (M ,)

The 4-bromobenzophenone (1.50 g, 5.77 mmol) disdoin THF with addition of zinc
dust (2.00 g, 30.77 mmol), which was cooled dow 0. After being stirred for 30 minutes
under nitrogen protection, the TiGl.72 g, 9.09 mmol) was dropped into the mixtdieen,
the reaction solution refluxed overnight, which wadslled down to room temperature and
concentrated. The concentrated solution was paated. M HCI solution, and then extracted
three times by DCM. The organic phase was driedh WigSQ,. The crude product was
purified by silica gel column chromatography aftdtration and solvent evaporation, the
organic solvents petroleum ether and dichloromethas eluent. A white solid d¥1; was
obtained in 70.7% vyield (1.06 giH NMR (600 MHz, (CR),0S): & (ppm) 7.27 — 7.21 (m,
4H), 7.16 — 7.12 (m, 3H), 7.12 — 7.09 (m, 3H), 7(00d, J = 9.8, 6.6, 3.1 Hz, 4H), 6.88 (dt, J
= 10.9, 5.4 Hz, 4H)*C NMR (151 MHz, (CR),0OS): & (ppm) 145.79 (d, J = 14.3 Hz),
145.25 (d, J = 13.8 Hz), 143.23 (s), 135.78 (d,312=Hz), 134.21 — 133.95 (m), 133.81 (s),
130.93 (s), 130.73 (s), 129.80 (d, J = 17.1 Hz3.12 (s), 123.58 (s). Element anal. calcd (%):
C, 63.70; H, 3.70. Found (%): C, 64.18; H, 3.76.

2) tri(1-(4-bromophenyl)isoquinoline)iridium(l11) (Ir(pigBr)sz) (M»)
The 1-chloroisoquinoline (2.45 g, 15 mmol), 4-brgrhenylboronic acid (3.00 g, 15 mmol)
and Pd(PP$), were dissolved in the mixed solution of degassitehe, ethanol and NaO;

aqueous solution. Then, the resulting mixture whsvlg heated to 9@ . Finally, &



1-(4-bromophenyl)-isoquinoline was purified by aoiol chromatography.
Tri(acetylacetonato)iridium(lll) (488 mg, 1 mmolhé 1-(4-bromophenyl)-isoquinoline (994
mg, 3.5 mmol) were added into anhydrous glycerbk Teaction solution was slowly heated
to 22071. Finally, the product of tri(2-(4-bromophenyl)-isoquinolim&dium(lil) (Ir(pigBr)3)
was purified by column chromatograpfit NMR: (600 MHz, CDCY): d (ppm) = 8.87 (dd,
J1=7.2 Hz, J2 = 3 Hz, 3H), 8.03 (d, J = 8.4 H4),¥.76 (dd, J1 = 5.4 Hz, J2 = 3 Hz, 3H),
7.70-7.67 (m, 6H), 7.29 (d, J = 6.6 Hz, 2H), 7.d5)(= 6.6 Hz, 3H), 7.13 (dd, J1 = 8.4Hz, J2
= 2.4Hz, 3H), 7.03 (d, J = 1.8 Hz, 3HJC NMR: (600 MHz, CDCI3): d (ppm) = 166.9, 165.6,
144.2, 139.7, 139.3, 136.9, 131.5, 131.0, 130.9,0,228.1, 127.5, 127.3, 123.4, 120.1.

3) hyperbranched polymers of PFTPE-Ir(pig)s-X

Under nitrogen protection, the compoundsM{, M, and M3 dissolved in toluene and
stirred for 30 minutes under room temperature, lctv methyl trioctyl ammonium chloride
(Aliquant 336), agueous solution of 2 M\B0O; and Pd(PP{), were added in proper order.
Then, the reaction mixture was being stirred arftlxed. After 48 h, the polymers were
capped by adding benzeneboronic acid and bromobenzéh continuous reaction. When
the reaction was completed, the solution was cotwebom temperature and injected into
large amounts of methanol. Finally, the final prodwas purified preliminarily and the crude
product was obtained. The crude product was pdrifigth acetone in Soxhlet extraction,
which can achieve the purpose of pure solid powder.

PFTPE-Ir (pig)s-1

The compounds oM; (492.49 mg, 0.9985 mmolM, (1.04 mg, 0.001 mmol), ané 3

(642.57 mg, 1 mmol) were used for polymerizationigist yellow powder with a yield of



38.06% (310.2 mg)'H NMR: (600 MHz, CDCY): & (ppm) 7.75-7.65 (2H, Ar-H), 7.58-7.42
(4H, Ar-H), 7.23-7.06 (6H, Ar-H), 2.09-1.89 (2H, G} 1.30-0.98 (10H, 5 C#), 0.81-0.61
(5H, CH,, CH). Element anal. Calcd (%): C, 91.33; H, 8.64. Fkb(#): C, 91.41; H, 8.31.

PFTPE-Ir(piq)s-5

The compounds oM; (489.53 mg, 0.9925 mmolM, (5.21 mg, 0.005 mmol), anill 3
(642.57 mg, 1 mmol) were used for polymerizationigist yellow powder with a yield of
49.01% (400.5 mg)H NMR: (600 MHz, CDCJ): § (ppm) 7.79-7.63 (2H, Ar-H), 7.60-7.40
(4H, Ar-H), 7.22-7.02 (6H, Ar-H), 2.07-1.91 (2H, @H1.30-0.99 (10H, 5 CH), 0.82-0.60
(5H, CH,, CH). Element anal. Calcd (%): C, 91.21; H, 8.63. Fb(#): C, 88.15; H, 7.94.

PFTPE-Ir(pig)s-10

The compounds oM; (485.83 mg, 0.985 mmolM, (10.41 mg, 0.01 mmol), anill;
(642.57 mg, 1 mmol) were used for polymerizatiotigist pink powder with a yield of 46.57%
(381.3 mg).'H NMR: (600 MHz, CDCY): 5 (ppm) 7.77-7.63 (2H, Ar-H), 7.58-7.40 (4H,
Ar-H), 7.22-7.06 (6H, Ar-H), 2.07-1.91 (2H, GH 1.19-0.98 (10H, 5 CH), 0.81-0.62 (5H,
CH,, CHg). Element anal. Calcd (%): C, 91.07; H, 8.61. Fb(#): C, 90.32; H, 7.94.
2.3 Instruments and char acterization

The *H NMR and **C NMR spectra were measured on a Bruker DXR 600 MHz
spectrometer where the tetramethylsilane was usethtarnal reference for chloroform
deuteride. The molecular weights of the PFTPE-dp)gX were determined by Viscotek GPC
VE 3580 RI detector using THF as eluent. Thermalignetric analysis (TGA) curves were
recorded on a Netzsch TG 209 F3 with heating r&td00°C/min under nitrogen flow.

Differential scanning calorimetry (DSC) curves weneasured on TA Q2000 with heating



rate of 1C/min under nitrogen flow. The cyclic voltammet@\() curves were measured on
the Autolab/PG STAT302 electrochemical workstatioith a three-electrode cell in
acetonitrile (0.1 mol/L) solution of tetrabutylammom perchlorate as electrolyte with scan
rate of 50 mV/s under nitrogen atmosphere. FilmBTPE-Ir(pig}-X were coated onto the
working electrode of Pt plate and calomel electradeed as reference electrode at room
temperature. The ultraviolet-visible (UV-vis) algtion spectra and photoluminescence (PL)
spectra of PFTPE-Ir(pig)X were recorded on Hitachi U-3900 spectrophotometed
Fluoromax-4 spectrophotometer, respectively.
2.4 Device fabrication

The WOLEDs with configurations of ITO / PEDOT: PE® nm) / PFTPE- Ir(pig)X (80
nm) / TPBi (40 nm) / LiF (1 nm) / Al (100 nm) (Fig) were fabricated by vacuum
evaporation instruments equipped with glove-boxe REDOT:PSS layer was spin-coated
onto cleaned ITO glass substrates with the rotatpeed of 4000 rpm, which was annealed
under 120°C. Then, the PFTPE-Ir(pigX films as emission layer were spin-coated onto the
PEDOT:PSS layer, which was annealed under 1%D. Then, the 1,3,5-tris
(1-phenyl-1H-benzimidazol-2-yl)benzene (TPBI) ascalon transporting layer, LiF layer and
Al layer as cathode were deposited by vacuum ewadiparinstruments under pressures below
1x10°Pa. The current density (J)-voltage (V)-luminaricecharacteristics of WOLEDs were
tested on Keithley 2400 source meter and BM-7A $pigihtness meter. Electroluminescence
(EL) spectra were recorded through PR-655 Spect@n Spectrometer with computer
controlled. All measurements were taken at roonptyature.

3. Resultsand discussion



3.1 Synthesis and characterization
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Scheme 1. Synthetic route of hyperbranched polymers PFTPRgid)s-X, M1 and M.

The synthetic routes and chemical molecular strectd M, M,, M3zand hyperbranched
polymers PFTPE-Ir(pig)X are outlined in Scheme 1. The white-light hyparizhed
polymers are mainly composed of red-light phospbweace cores of Ir(pig)and
blue-greenish fluorescence branched chains of PFMAtich can achieve white-light
emission. In the hyperbranched polymers, the Ij¢@ce separated each other by surrounding
branched chains of PFTPE, which can avoid tripkeitens annealing of Ir(pig)owing to
concentration quenching. More important, the TPE tgpical AIEgen with high
fluorescence quantum efficiency is inserted intanished chains, which can further improve

efficiency stability of white-light hyperbranchedlgmer [33].



These series of PFTPE-Ir(pigX were synthesized by classical Suzuki coupliragctien.
Firstly, Intermediate®s, M; andM, were dissolved in organic solvent, respectivelyjcivh
the ratios of the monomers were 1000:998.5:1, B3I05:5 and 1000:985.0:10. In addition,
all white-light hyperbranched polymers exhibit ketthermal stability and good solubility,
which can dissolve in various organic solvents. WI®@LEDs based on PFTPE-Ir(pigX as
emission layer would be fabricated by wetting-psscsuch as spin coating or ink-jet printing
[39].

The number-average molecular weights,\nd weight-average molecular weights,jM
of PFTPE-Ir(pig}-X were obtained by gel permeation chromatography (GPCg Wiy of
PFTPE-Ir(pig)-X ranges from 13.60x£a@0 19.61x16, severally, with polydispersity indices
(PDIs) from 2.08 to 2.72 (Table 1). In additionl, pdlymers designed and synthesized have
higher yield (38.06% 49.01%).

Table 1 Molecular weights and thermal properties of PFTREid)s-X.

Feed ratio (mol %)

Polymers M, (x10) M, (x10) PDI  T4(°C) T,(°C)
Ir(pig)s
PFTPE-Ir(pig)-1 0.1 7.22 19.61 2.72 404 134
PFTPE-Ir(piq)-5 0.5 8.69 18.12 2.08 410 129
PFTPE-Ir(pig)-10 1 6.37 13.60 2.14 405 131

3.2 Thermal properties

10
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Fig. 1. The TGA curves (a) and DSC curves (b) of PFTPgd)§-X.

The thermal properties of PFTPE-Ir(pi¥ were investigated as expressed in Fig. 1. The
DSC curves indicate that all hyperbranched polynwr&FTPE-Ir(pigy-X exhibit higher
glass transition temperatureg(¥ 129~13411) in experimental temperature range (Fig. 1b).
Their decomposition temperatures)are between 408 and 410C (corresponding to 5%
weight loss), which are all higher than those nééir polymers (Fig. 1a) [40,41]. It had been
identified that the hyperbranched structure camémdously enhance thermal stability owing
to stronger molecular rigidity than that of lingaslymers in our early work [23-25], which
would improve device lifetime.

3.3 Optical properties

—= UV-vis spectrum of Ir(piq),

—s— UV-vis spectrum of PFTPE
——PL spectrum of PFTPE L 1.0

&

e
PL Intensity (a.u.)

Absorbance (a.u.)

200 300 400 500 600 700

Wavelength (nm)

Fig. 2. The UV-vis absorption spectra and the PL spedttgmq); and PFTPE in diluted

11



CHCl; solution (16 M)

In order to discuss the luminous mechanism of PFIFREQ)s-X, the photophysical
properties of Ir(pi and PFTPE were tested. There exist spectral qvénlahe range of
420-550 nm between the UV-vis absorption spectrdinir(piq)s and the PL spectrum of
PFTPE in Fig. 2. It manifests that Forster resoaagergy transfer (FRET) from PFTPE
segments to Ir(pig)cores exists possibility, which lead to red ligithission of Ir(picy
combining with blue-greenish light emission of PETFAs results, through adjusting the

content of Ir(picy, white-light emission can be achieved [25,42].
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solution; b) the PL spectra in solution; c) the W¥-absorption spectra in films; d) the PL
spectra in films; e) the phosphorescence speci@ Kt

As shown in Fig. 3, spectral properties of PFTRRHY))s-X were studied as expressed. The
UV-vis absorption spectra of PFTPE-Ir(piy in diluted CHC} solution (Fig. 3a) and film
(Fig. 3c) all show a strong absorption peak locatieabout 360 nm which is corresponding to
n—n transition from the branch chain of PFTPE [3]. Tiespectra of PFTPE-Ir(pigX in
diluted CHC} solution (Fig. 3b) exhibit emission peak locatéedraund 505 nm attributing to
blue-greenish fluorescence of PFTPE. While, in pectra of all hyperbranched polymers
films (Fig. 3d), the maximum emission peaks of tedaat around 515 nm, which shows a
bathochromic-shift of 10 nm compared with that itutéd CHC} solution. It is owing to
increasing of conjugation, the molecules are higgr@gation states in films [42]. Additional,
the emission peaks corresponding to red phospremwescoof Ir(pig) in all polymers are not
visible, which is identical with our reported worR5, 39]. During PL process of
PFTPE-Ir(pig)-X, it is difficult for Ir(piq)s to emit red-light excited by FRET from PFTPE to
Ir(pig)s because of low content ratio of Ir(pia)nit (<1%) in polymers. In Fig. 3e, it can be

seen that all polymers of PFTPE-Ir(pi show shoulder peaks located at 623 nm
13



corresponding to red phosphorescence of Irgpioy) the phosphorescent spectra of
PFTPE-Ir(pig)}-X at 77 K, which could also acquire the tripleeegy levels (k) of 1.99 eV.
Moreover, the absolute PL quantum efficiendy( of PFTPE-Ir(pig3-X was measured by
integrating sphere. As listed in Table 2, it isenesting to see that all polymers of
PFTPE-Ir(pig)}-X exhibit lower ®@p. in solution and highe®p_in film state, according with
typical AIE phenomenon.

Table 2 The photophysical properties and electrochemiagbenties of PFTPE-Ir(pig)X.

Film (hm)  Solution (nm)  @p°  ®p® HOMO' Ef  LUMO'

Polymers
Jabs % dabs el (%) (%) (eV) (eVv) (ev)

PFTPE-Ir(pig)-1 359 513 363 504 074 2622 -575 287 -2.88

PFTPE-Ir(pig)-5 360 515 360 507 1.19 2419 -572 288  -2.84

PFTPE-Ir(pigy-10 362 517 359 499 140 1898 575 292  -2.83

#Measured in neat films.
®Measured in CHGlsolution (16 mol/L).
¢ Measured in THF. Thép_ was measured using an integrating sphere.
dCalculated from cyclic voltammetry curve.
¢ Estimated from onset of the absorption spe@a(12404edq9.
" Calculated by the equati@omo = ELumo - Eg-
3.4 Aggregation induced emission enhancement properties
For exploring the AIE properties of PFTPE-Ir(pi}), their PL behavior in
solvent/nonsolvent mixtures were measured as esgues Fig. 4. During testing, different

proportions mixed solutions of water and THF aveol, the AIE behaviors were inspected

14



by monitoring the changes in PL spectra with vaoret in proportion of water in THF. The
PL intensity of PFTPE-Ir(pig)X is very weak when molecularly dissolved in purdF,
however, it intensifies with increasing water coiten THF gradually. And, all polymers of
PFTPE-Ir(pig}-X exhibit higher®p_ upon aggregation in the presence of higher pesgent
of water fraction f{,) in THF-water mixtures than those in pure THF, ethis attributing to
the introduction of AlEgens of TPE. In pure THF wan, high internal conversion rate
results in weak emission owing to intramoleculatations of phenyl rings of TPE.
Nevertheless, in a high percentage of water fradfig) in THF-water mixture, these rotations
are strongly confined, which restrains nonradiaterergy dissipation channels and more
efficient emission of PFTPE-Ir(pig)X [27-31]. Hence, it can be deduced that polynuadrs

PFTPE-Ir(pig)}-X possess remarkable AIE property.
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Fig. 4. The PL spectra of PFTPE-Ir(ptgX in THF-water mixtures with different water
fractions (excitation wavelength is 365 nm): a) PEFr(piq)s-1; b) PFTPE-Ir(pigy-5;
c) PFTPE-Ir(pigg-10; d) Variation in PL intensity of PFTPE-Ir(pigX in THF-water
mixtures with different water fractions.

Table 3 The ®p, of PFTPE-Ir(pig)-X in THF-water mixtures with different water frambs.

Polymers 0% 10% 20% 30% 40% S50% 60% 70% 80%  90%

PFTPE-Ir(pigy-1  0.74 1.07 2,07 10.17 14.84 1656 10.64 13.65 5721.44.36
PFTPE-Ir(pig)-5 1.19 140 1.73 3.70 13.06 1831 2261 26.60 81.29.60

PFTPE-Ir(pig)-10 140 121 215 3.88 7.37 951 9.89 11.05 12.32.74

3.5 Electrochemical properties

PFTPE-Ir(piq) -1 m

PFTPE-Ir(piq) -5 2
PFTPE-Ir(piq),-10 ::ﬁh: 4t

0 1 2
Voltage (V)

Current (A)

Fig. 5. Cyclic voltammetry (CV) curves of PFTPE-Ir(pigX.

As shown in Fig. 5, the electrochemical propertyP&TPE-Ir(pig)-X was measured. The
HOMO levels of PFTPE-Ir(pig)X were calculated according to the empirical empumat
Ernomo = - (Eox + 4.4) (eV). The optical band gap was calculatethfEy = 1240keqge Where
the deqgeiS the onset value of the UV-vis absorption spentPFTPE-Ir(pigg-X in solution in
the long-wavelength area [25,42]. The LUMO level9P&TPE-Ir(pig}-X can be calculated

from the HOMO levels and the optical gaps. The HOM@eI| of PFTPE-Ir(picg5 was -5.72
16



eV, and the LUMO level was -2.84 eV. The serieBiTPE-Ir(pig}-X have nearly similar
HOMO and LUMO levels owing to low content of Ir(piq

3.6 Electroluminescent properties
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Fig. 7. The device performance of WOLED based on PFTPE4){}X : a) EL spectra ; b)

luminance-current density curves; c) current edficly-current density curves; d) power

efficiency- current density curves; e) EL spectrfMOLED-2 at different applied voltages

Table 4 EL performance of WOLEDs

Luminancenaxy CEmax EQEmax
JeL (Nm) CRI CIE(X, y)

Device Emission layer
(cd/nef) (cd/A) (%)
WOLED-1  PFTPE-Ir(pigy1 492 /632 4067 224 091 71 (0.25,0.36)
WOLED-2  PFTPE-Ir(piy5 496/ 636 4686 243 108 86 (0.26,0.36)
WOLED-3  PFTPE-Ir(pigy-10 492/ 640 2277 1.76 1.05 71  (0.33,0.34)

The favorable AIE properties of PFTPE-Ir(p encourage us to investigate their EL
performances. As shown in Fig. 7a, the EL spectralloWOLEDs express blue-greenish
emission peaks located at 492 nm originating frdfiPE and red emission peak located at
636 nm originating from Ir(pig) which absolutely distinguish with PL spectra of
PFTPE-Ir(pig)-X. In EL spectra, the intensity of red emissiomlpés much stronger than that
in PL spectra. It is since that charge trappingeaffof Ir(pigy plays dominate role

accompanying with FRET from PFTPE to Ir(pigluring EL process of PFTPE-Ir(pigX
18



[7,43]. With increasing content ratio of Ir(pigthe red-light emission intensity is enhanced
while the blue-greenish light emission intensityvisakened, which induces the intensity ratio
of red-light peak to blue-greenish lighk/{k) to increase as shown in inset of Fig. 7a. The
intensifying in red-light emission with the increasf the content is attributing to stronger
charge trapping capability of Ir(pig) Accordingly, the corresponding CIE coordinates of
WOLED-1, WOLED-2 and WOLED-3 are (0.25, 0.36), @®.20.36) and (0.33, 0.34),
respectively. Among them, the WOLED-3 has the I6d& coordinate (0.33, 0.34) close to
that of pure white-light (0.33, 0.33), which is sudpr to the double-color white-light
hyperbranched polymer that we reported ever [28]eRpressed in Fig. 7 and Table 4, it can
also be seen that the device performance of WOLEDe2better than those of other two
devices and the hyperbranched polymers ever raep¢2®], which achieves the highest
maximum luminance of 4688 cdiithe highest maximum current efficiency (GF of 2.43
cd/A and the highest CRI of 86 among three WOLB®ste important, as shown in Fig. 7e,
the WOLED-2 exhibits excellent device stability.cin be discerned that the EL spectra of

WOLED-2 don’t nearly vary with raising driven valf@, indicating its better luminous

stability.
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Fig. 8. The device performance of WOLED-2 and WOLED-4:umhinance-current density
curves; b) current efficiency-current density cuwrve) the chemical molecular structure of

hyperbranched polymers of PFBT-Ir(pigdnd PFTPE-Ir(pig)

Table 5 Percentage decline of current efficiency (CE) W@ increase of current density (CD).

WOLED-2 WOLED-4
CD (mA/cnf)
CE (cd/A) Decline (%) CE (cd/A) Decline (%)
50 2.41 0.8 1.46 8.7
100 2.37 2.4 1.25 21.9
150 2.26 6.9 1.15 28.1
200 2.12 12.7 1.05 34.4

For explanation of perfect function of AIEgen onitgHight hyperbranched polymers, we
also fabricated WOLED-4 with device structure ofOIT/ PEDOT:PSS (40 nm) /
PFEBT-Ir(pigl (80 nm) / TPBi (40 nm) / LiF (1 nm) / Al (100 nn{lrig. 6), in which the
white-light hyperbranched polymer of PFBT-Ir(pigg¢ported by our early works acted as
emission layer [25]. In PFBT-Ir(pig) the green-light unit of 2,1,3-benzothiadiazolel|B
exhibits no AIE effect, which is different from TPEs expressed in Fig. 8a, it can be seen
that the device WOLED-2 achieves the maximum luméeaof 4688 cd/fm which is higher
than that of WOLED-4 (3267 cdfin By comparing with current efficiency-current déy

curves of WOLED-2 and WOLED-4 (as expressed in Blg.and Table 5), it can be found
20



that the WOLED-4 exhibited more remarkable efficierroll-off with increasing current
density relative to that of WOLED-2. For exampleg turrent efficiency of WOLED-2 only
dropped 12.7% with current density increasing f8»mA/cnt to 200 mA/cm, however, the
current efficiency of WOLED-4 dropped 34.4% withri@nt density increasing from 50
mA/cn? to 200 mA/cn. It is since that introduction of AIEgens of TREkranches chains is
expected to restrain ACQ conjugation chains andravg efficiency stability of white-light
hyperbranched polymer eventually. Meanwhile, Irfpics encircled by PFTPE branches
chains in hyperbranched structure, which effecyivlppresses concentration quenching and
triplet-triplet (T-T) annihilation [3,25]. Therefer the efficiency roll-off could be restrained
effectively.
4. Conclusion

In summary, the new-style white-light hyperbrancipedymers with PFTPE as branches
and Ir(pig} as cores exhibit AIE characteristic. By tuning tmntents ratio of Ir(pig) the
optimized white-light hyperbranched polymers arguat@d and the EL spectra can cover the
entire visible area from 400 nm to 780 nm. Whendatent ratio of Ir(piggis 0.5 mol%, the
WOLED-2 based on PFTPE-Ir(pig) exhibits a high CRI of 86, with maximum luminanc
of 4686 cd/m, maximum current efficiency of 2.43 cd/A and a imaxm external quantum
efficiency of 1.08%. Furthermore, it exhibits lowefficiency roll-off phenomenon, which is
owing to introduction of AlEgen of TPE in white-hghyperbranched polymer.
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Highlights

1. Hyperbranched white polymers with aggregation-induced emission property were
synthesized

2. The new-style hyperbranched white polymers with PFTPE as branches and
Ir(pig)s as cores are conducive to achieve the full-band emission

3. The WOLEDs using PFTPE-Ir(pig)s-X as emission layer show nearly no

efficiency roll-off under high current density



