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A nove benzotriazole-containing donor-acceptor-acceptor type cyclometalated
iridium(111) complex of (CH3OTPA-BTz-1g).lrpic was synthesized. Using it as a
dopant and a blend of PVK and OXD-7 as a host matrix, the PLEDs exhibited a
near-infrared (NIR) emission peaked at 723 nm and a shoulder at 780 nm with the
maximum EQE of 0.41% at 8.14 mA cm™ This work indicates that introducing
appropriate D and A unit to develop D-A-A structure is an efficient approach to
construct near-infrared-emitting iridium(ll1) complex and obtain high-efficiency

near-infrared polymer light-emitting diodes with suppressive efficiency roll-off.
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Abstract: A novel near-infrared-emitting cyclometalated iadi(lll) complex of
(CH;OTPA-BTz-Ig)lrpic containing benzotriazole unit with a donocaptor-
acceptor (D-A-A) chromophore was synthesized aratastterized. The optophysical,
electrochemical and electroluminescent characitesisivere primarily studied. A
near-infrared emission peaked at 716 nm with alsleowat 790 nm was exhibited in
the (CHOTPA-BTz-Iq)lrpic dichloromethane solution at 298 K. In its iopkzed
solution-processed polymer light-emitting diodegyear-infrared electroluminescent
emission peaked at 723 nm with a shoulder at 78@vamobserved with a maximum
external quantum efficienayf 0.41% at 8.14 mA cih This work indicates that
introducing appropriate D and A units to developAB structure is an efficient
approach to construct near-infrared-emitting ind{Ul) complex in the polymer

light-emitting diodes with suppressive efficienoji+off.

Keywords: donor-acceptor-acceptor; iridium(lll) cplexes; benzotriazole;

near-infrared emission; electrophosphorescencgnpagl light-emitting devices



1. Introduction

With the rapid development of organic light-emigtidiodes (OLEDS) in recent
years, the research on near-infrared (NIR)-OLEDs ¢ained great attentions for
diverse potential applications in night-vision-rabtk displays, sensors, optical com-
munication and medical systems [1-5]. To date,d&eeloped organic NIR-emitting
materials mostly contain lanthanide complexes [6f8jorescent materials with a
donor-acceptor (D-A) structure [9-14], boron dimynethene dyes [15-20] and
transition-metal complexes [21-34]. Therein, phasphcent transition-metal com-
plexes using osmium(ll), iridium(lll) or platinuntflas the metal center are available
to exhibit higher emission efficiency due to thsirong spin-orbit coupling in the
presence of heavy metal atoms, which leads totama quantum efficiency as high
as 100% [35,36]. For example, in a device with phssiicated configuration, the
platinum(il) complex of PtECI realized a maximum external quantum efficiency

(EQEmax of 14.5% at ~700 nm which is the highest value for these NIR devices to

date [22]. However, thedeQE levels were typically obtained from excimers emnaiss
the performance and the reproducibility of the desicannot be well controlled [37].
Platinum (ll) porphyrins are also the most typical NIR emissioaterials in the
reported transition metal complexes and have etddl@anEQE maxima of 2.49% for
polymer light-emitting devices (PLEDs) and 9.2% @kEDs with NIR emission in
the 760-780 nm range. However, théS@E levels were typically obtained at very
low current densities. In high current densitié® tevices exhibit a significaBQE
roll-off, which could be attributed to the increagitriplet-triplet exciton annihilation
and aggravated by long excited-state lifetimes hia planar-square platinum(ll)
phosphors [25].

In contrast to the planar-square platinum (Il) cterps, iridium (lll) complexes



with typical octahedral configuration, relativeliiast triplet lifetime and high phos-
phorescent efficiency have the ability to effedyverevent intermolecular aggre-
gation-induced emission (AIE) quenching and sigatfitly alleviate the efficiency
roll-off in OLEDs [29]. In order to develop new NH&mitting iridium (11) complex-
es, many researchers have made some contributiottsst field. The earlier NIR-
emitting example of iridium (lll) bis(1-pyrenyl-isoinoinato-N,C’) acetylacetonate
was reported by Williamet al. in 2006, which displayed an electroluminescendg (E
emission peaked at 720 nm with BQEnax nearly 0.1% [20]. Recently, Qiet al.
reported a series of the NIR-emitting iridium (Iphosphors [27-29], in which an
iridium (111) emitter of Ir(pbgg)2(Bphen) exhibited an extended emission peak at 850
nm by introducing an $ghybridized N atom opposite the chelating N atonthia
phenylbenzoquinoline (pbq) ligand [28]. The Ir(pipgtBphen) based devices
achieved a maximurgBQE up to 2.2% with negligible efficiency roll-off. 18015, an
iridium(lll) phosphor of (thdpgx)r(acac) (dpgx= diphenylquinoxaline, th=thienyl)
was reported and exhibited an EL emission peal4tnm in its doped devices with
an EQEnax of 3.4%[31], which is the highest value for the NIR-emmgi devices
based on cyclometalated iridium (lll) complexesi&te.

It's worth noting that some NIR-emitting organicdaoolymeric fluorescent mate-
rials with D-A chromophores have been developedbse the band gap levels and
photoelectronic properties can be readily tuneduyh a systematic variation be-
tween the D and A units [9-14]. According to thdea, introduction of the D-A
structure into phosphorescent materials shouldxpeated to achieve NIR emission
with better device performance. In 2013, Wat@l reported a series of cyclometa-
lated iridium (llI) complexes with functionalizedotylated oligothiophene ligands

and their maximum emission peaks extended to 756Hawever, thdeQE maximum



is merely 0.07% as the strong D-A interaction teiggl a much faster radiationless
decay, and the EL spectrum exhibited a dual emmssirich indicates that the energy
transfer from the host exciton to the phosphoras completely [30]. The similar
phenomenon was also occurred in our previous relsebr 2014, our group reported
a D-A-A type cyclometalated platinum (II) complgdPA-BT-Q)Ptpic with a
functionalized cyclometalated ligand of triphenylaen (TPA)-benzothiadia- zole
(BT)-quinoline (Q). The devices exhibited a maximamission peak at 760 nm, and
the EQEmax is only 0.12% [38]Therefore, selecting the appropriate D and A usits
the main subject.

Inspired by the works mentioned above, we heregdesi a novel benzotriazole-

containing D-A-A type cyclometalated iridium (ll§omplex of (CHOTPA-BTz-1q)

_Irpic, in which methoxy-triphenylamin@H;OTPA) is used as an electron-donating
unit, an alkylbenzotriazole (BTz) and an isoquinelilg) are employed as electron-
withdrawing units and the alky group is introdudedorder to improve molecular
solubility (Figure 1). In this complex, non-plan@H;OTPA unit is available to
improve carrier-transporting properties and overedime aggregation-induced emi-
ssion quenching; the BTz unit is an acceptor withderate electron-withdrawing
intensity (compared with the benzothiadiazole) tmehe substitution of the sulfur
atom in benzothiadiazole with a nitrogen atom, Wwhioay reduce the intensity of
D-A interaction and suppress the nonradiative ttimmsto some extent [39]. Besides,
BTz is a good class of EL materials reported irenégears [40-43], the lone pair on
the nitrogen atom is more basic than the lonegasulfur and is more easily donated
into the triazole ring [39]. This is also contribdtto form a more stable complex. The
synthetic route of (CEDTPA-BTz-Ig)lrpic is shown in Scheme 1. To prove our

tactics, we comprehensively studied its thermabtpbhysical, and electrochemical



properties, further EL properties of its doped PIsEy a solution process. In the
optimized solution-processed phosphorescent PLEDMIR EL emission peaked at
723 nm with a shoulder at 780 nm was observedE@E maximumof 0.41% at 8.14
mA cm? was obtained in the (GBTPA-BTz-Iq)hlrpic doped devices. This work
indicates that introducing appropriate D and Asitit develop D-A-A structure is an
efficient approach to construct high-efficiency Néitting iridium (llI) complex

in PLEDs with suppressive efficiency roll-off.
2 Exper mental

2.1 Characterization

The solvents were carefully dried and distilleddbgndard procedures before use.
All chemicals, unless otherwise stated, were obthiftom commercial sources and
used as receivedH NMR spectra was recorded with a Bruker Dex-400 RNM
instrument using CDGlas a solvent. Elemental analysis was carried atit avwario
EL Il elemental analysis instrument. Mass spectwas recorded on a Bruker auto-

flexlll smartbeam MALDI-TOF spectrometer. Ultravittvisible (UV-vis) absorp-

tion and photoluminescent (PL) spectra at 298 Kewecorded with a PE Lambda 25
spectrophotometer and a PTI Q40 luminescence speeter, respectively. PL
spectra at 77 K were recorded with Edinburgh areltnstrument (FLS920 fluores-
cence spectrometer). Lifetime studies both at 7anl 298 K were performed by an
Edinburgh FLS920 transient spectrofluorimeter wiitine-correlated single-photon
counting technique at the peak PL wavelength. Thagon ofds= @, (Al 1 °Ad,)
was used to calculate the fluorescence quanturd (@8l of the iridium(lll) complex
using complex Ru(bpy)PFs)2 as the standard compound in &tmosphere, wherds

is the quantum yield of the sampi®, is the quantum vyield of the referengeis the



refractive index of the solvenfs and A, are the absorbance of the sample and the
reference at the wavelength of excitatiprgndl, are the integrated areas of emission
bands [44]. Thermogravimetric analysis (TGA) wasducted under a dry nitrogen
gas flow at a heating rate of 20°C fhian a TA TQAQ50 instrument. Cyclic volta-
mmetry was performed on a CHI 600E electrochemicak station with a scan rate
of 100 mV S' at room temperature under argon, in which a Fk, d¥% plate and
Ag/AgCI electrode were used as working electroainter electrode and reference
electrode in n-ByNPF; (0.1 M) acetonitrile solution, respectively. Falibration, the
redox potential of ferrocene/ferrocenium (FéFevas measured under the same

conditions.

2.2 PLEDs Fabrication and M easurement

Patterned indium tin oxide (ITO)-coated glass sualbss with a sheet resistance of
15-20Q squar& underwent a wet-cleaning course in an ultrasoait,bbeginning
with THF, following by isopropanol, detergent, deimed water and isopropanol, res-
pectively After oxygen-plasma treatment, a 40 nioktlanode hole-injection layer of
poly(ethylenedioxythiophene):poly(styrene-sulfondEDOT:PSS, Baytron P 4083,
Bayer AG) film was spin-cast on the ITO substratd dried by baking in vacuum
oven at 120°C for 20 min. The 80 nm emitting layer was prepabpgdspin-coating
from chlorobenzene solution on the top of PEDOT:R§8r, then annealed at 120
for 20 min to remove the solvent residue. Finally,electron transfer layer of TPBI
(30 nm), a cathode composed of Ba (4 nm) and AD () layer was evaporated
with a shadow mask at a base pressure of I*PH) The thickness of the evaporated
cathode was monitored by a quartz crystal thickngaso monitor (Model:
STM-100/MF, Sycon). The overlapping area betweenctithode and anode defined a

pixel size of 15 mrh Except for the spin coating of the PEDOT:PSS rag# the



fabrication processes were carried out inside arolbed atmosphere of nitrogen
dry-box (Vacuum Atmosphere Co.) containing lessithgppm oxygen and moisture.
All measurements were carried out at room tempezailRT) under ambient

conditions. TheJ-V characteristics were measured using a Keithley 286rce

measurement unit and a calibrated silicon photadi®&hdiant emittance values were
calculated assuming a Lambertian distribution atiogty. The external quantum
efficiency values were calculated from the currel@nsity, luminance and EL
spectrum, assuming a Lambertian distribution. Thefectra were obtained by using

miniature fiber optic spectrometer (USB 2000, Ocegtics).

2.3 Syntheses

2.3.1 Synthesis oNN-(4-bromophenyl)-4-methoxi-(4-methoxyphenyl)benzenamine
1)

A mixture of 1l-iodo-4-methoxybenzene (10.00 g, 42ri@mol), 4-bromobenzen-
amine (2.95 g, 17.15 mmol) and 1,10-phenanthraimeydrous (0.62 g, 3.42 mmol)
in toluene (60 mL) was heated and stirred undeogén atmosphere. When the
temperature reached to 14D, the Cul (0.65 g, 3.42 mmol) and KOH (7.66 g,.736
mmol) were added quickly, and then the mixture stased at 135C for 12 h. After
cooled to RT, the mixture was poured into distileater (50 mL) and extracted with
dichloromethane (DCM) (3x30 mL). The combined orgalayer was dried over
MgSQ,for 2 h and filtrated. The filtrate was concentdabgy rotary evaporator under
reduced pressure. The residue was purified byasijel column chromatography
using DCM/ petroleum ether (PE) (1M/V) as eluent to gain lyard powder (4.63 g,
70.4%)'H NMR (400 MHz, CDCJ, ppm): 7.25 (dJ) = 4.0 Hz, 2H), 7.04 (d] = 8.4
Hz, 4H), 6.83 (dJ = 8.2 Hz, 6H), 3.79 (s, 6H).

2.3.2 Synthesis of 4-methoX¥+(4-methoxyphenylN-(4-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)phenyl)benzenami()



A mixture of compoundl (2.03 g, 5.28 mmol), 4,4,5,5-tetramethyl-2-(4,4,5,5
tetramethyl-1,3,2-dioxaborolan-2-yl)-1,3,2-dioxablane (5.34 g, 21.12 mmol), pota-
ssium acetate (2.58 g, 26.38 mmol) and 'fbi&(diphenylphosphino)ferrocene]di-
chloropalladium (1) (0.12 g, 0.16 mmol) in DMSO5(énL) was heated and stirred at
80°C under nitrogen atmosphere for 20 h. After coateRT, the mixture was poured
into distilled water (50 mL) and extracted with DC{@x30 mL). The combined
organic layer was washed with distilled water (4xd4l0) and dried over MgS{Jor 2
h and filtrated. The filtrate was concentrated byary evaporator under reduced
pressure. The residue was purified by silica gduroa chromatography using
DCM/PE (1/1,VIV) as eluent to gain lyard powder (1.40 g, 61.2B6NMR (400
MHz, CDCk, ppm): 7.60 (dJ = 7.0 Hz, 2H), 7.07 (d] = 6.0 Hz, 4H), 6.84 (d] = 8.0
Hz, 6H), 3.79 (s, 6H), 1.32 (s, 12H).

2.3.3 Synthesis oN-(4-(7-bromo-2-octyl-2H-benzo[d][1,2,3]triazol-4)phenyl)-4-
methoxyN-(4-methoxyphenyl)benzenami(g)

A mixture of compound? (1.00 g, 2.32 mmol), 4,7-dibromo-2-octyl-2H-benzo
[d][1,2,3]triazole (1.17 g, 3.14 mmol), MaO; (6 mL, 2M), Pd(PP¥$)4 (80 mg, 0.07
mmol) in toluene (25 mL) and methanol (6 mL) waatkd and stirred at 8 under
nitrogen atmosphere for 12 h. After cooled to RIg¢ mixture was poured into
distilled water (50 mL) and extracted with DCM (¥xBL). The combined organic
layer was dried over MgS@or 2 h and filtrated. The filtrate was concentdateth
rotary evaporator under reduced pressure. Theuesimas purified by silica gel
column chromatography using DCM/PE (1AZV) as eluent to gain light yellow
powder (0.78 g, 55.6%JH NMR (400 MHz, CDC}, ppm): 7.86 (d,) = 8.6 Hz, 2H),
7.60 (d,J = 7.2 Hz, 1H), 7.37 (d] = 7.6 Hz, 1H), 7.14 (d] = 8.8 Hz, 4H), 7.04 (d

= 8.4 Hz, 2H), 6.87 (dJ = 8.8 Hz, 4H), 4.78 () = 7.2 Hz, 2H), 3.81 (s, 6H),



2.16-2.12 (m, 2H), 1.36-1.25 (br, 10H), 0.87)& 6.4 Hz, 3H). MALDI-TOF MS
(m/z) for G4H37BrN4O,, Calcd: 612.210, Found, 612.232.

2.3.4 Synthesis of 4-methoXN~H4-methoxyphenylN-(4-(2-octyl-7-(4,4,5,5-tetrame-
thyl-1,3,2-dioxaborolan-2-yl)-2H-benzo[d][1,2,3}H70l-4-yl)phenyl)benzenamir{é)

A mixture of compound3 (0.26 g, 0.43 mmol), 4,4,5,5-tetramethyl-2-(4,4,5,5
tetramethyl-1,3,2-dioxaborolan-2-yl)-1,3,2-dioxablane(0.42g, 1.68maol), potassium
acetate (0.33 g, 3.36 mmol) and [1his(diphenylphosphino) ferrocene] dichloro-
palladium (I1) (52 mg, 0.07 mmol) in anhydrous &tydrofuran (50 mL) was heated
and stirred at 65C under nitrogen atmosphere for 12 h. After codi@dRT, the
mixture was poured into distilled water (50 mL) axdracted with DCM (3%x30 mL).
The combined organic layer was dried over Mg®2 h and filtrated. The filtrate
was concentrated by rotary evaporator under redyredsure. The residue was
purified by silica gel column chromatography usb@M/PE (1/1,V/V) as eluent to
gain yellow viscous compound (0.21 g, 73.5%)NMR (400 MHz, CDC4, ppm):
7.95-7.93 (m, 3H), 7.51 (d,= 7.2 Hz, 1H), 7.13 (d] = 8.8 Hz, 4H), 7.04 (d] = 8.8
Hz, 2H), 6.86 (d,J = 8.8 Hz, 4H), 4.78 () = 7.6 Hz, 2H), 3.81 (s, 6H), 2.16-2.12 (m,
2H), 1.42-1.40 (br, 10H), 1.26 (s, 12H), 0.88)(& 4.2 Hz, 3H). MALDI-TOF MS
(m/z) forC4oH49BN4O4, Calcd: 660.385, Found, 660.392.

2.3.5 Synthesis of theH3;OTPA-BTz-BT-1q ligand

A mixture of compound! (0.15 g, 0.23 mmol), 1-bromoisoquinoline (52 m@&0.
mmol), K:CO; (2 mL, 2M), Pd(PP$); (7 mg, 0.01 mmol) in toluene (18 mL) and
methanol (2 mL) was heated and stirred af@Qnder nitrogen atmosphédoe 24 h.
After cooled to RT, the mixture was poured intatitlesd water (15 mL) and extracted
with DCM (3x15 mL). The combined organic layer veaiged over MgS@for 2 h and

filtrated. The filtrate was concentrated by rotamaporator under reduced pressure.

10



The residue was purified by silica gel column chatography using DCM as eluent
to gain yellow solid (0.13 g, 86.5%H NMR (400 MHz, CDC4, ppm): 8.71 (dJ =
5.6 Hz, 1H), 7.99-7.91 (m, 4H), 7.74-7.66 (m, 4AHK0 (t,J = 3.0 Hz, 1H), 7.17 (d]
= 8.4 Hz, 4H), 7.09 (dJ = 8.0 Hz, 2H), 6.89 (d] = 8.4 Hz, 4H), 4.71 (J = 7.0 Hz,
2H), 3.82 (s, 6H), 2.06-2.02 (m, 2H), 1.31-1.22, (tBH), 0.84 (tJ = 3.8 Hz, 3H).
MALDI-TOF MS (m/z) for C43H43Ns0,, Calcd: 661.342, Found, 661.465.
2.3.6 Synthesis (ICH3OTPA-BTz-1q).lrpic

A mixture of IrCk-H,O (30 mg, 0.09 mmol), C¥DTPA-BTz-lIg (150 mg, 0.23
mmol), 2-ethoxyethanol 12 mL and distilled watemd. was stirred under nitrogen
atmosphere at 10 for 24 h. After cooled to RT, the mixture was paml into
distilled water (15 mL) and extracted with DCM (3xfnL). The combined organic
layer was dried over N8O, for 4 h and filtrated. The filtrate was concentdateth
rotary evaporator under reduced pressure to geainittet chloro-bridged precursor.

The dried chloro-bridged precursor (139 mg, 0.04Bhafd was mixed with
2-ethoxyethanol (15 mL), picolinic acid (44 mg, ® 8mol) and anhydrous NaOs;
(30 mg, 0.28 mmol). The resulting mixture was stirunder nitrogen atmosphere at
110°C for 24 h. After cooling to RT, the resulting pigitate was filtered off and
washed with water, ethanol and hexane, respectiVédlg residue was purified by
silica gel column chromatography using DCM/ethyétate (EA) Y¥/V=3/1) as eluent
to get an orange powder (31 mg, 41.7 #)NMR (400 MHz, CDC4, ppm): 9.76 (d,
J=28.0 Hz, 1H), 9.59 (d] = 8.0 Hz, 1H), 8.78 (d] = 6.4 Hz, 1H), 8.34 (d] = 7.6 Hz,
1H), 7.88-7.80 (m, 4H), 7.68-7.63 (m, 6H), 7.55 Jc& 6.4 Hz, 1H), 7.45-7.39 (m,
4H), 7.31 (dJ = 7.8 Hz, 2H) 7.23 (d,J = 6.6 Hz, 1H), 7.03-7.00 (m, 8H)6.83 (d,J
= 7.4 Hz, 8H), 6.74 (d] = 9.4 Hz, 2H), 6.67 (d] = 8.2 Hz, 2H), 6.35 (s, 1H), 4.64 (t,

J=5.6 Hz, 4H), 3.80 (s, 12H), 2.14-2.05 (m, 4H}#3t1.26 (br, 20H), 0.84 (3,= 5.6

11



Hz, 6H) MALDI-TOF MS (TI/Z) for CooHsgslrN 110, Calcd: 1635.655, Found,
1635.803. Anal. Calc. for fgHsslrN110s: C 67.54, H 5.42, N 9.42% Found: C 67.21,

H5.34, N 9.27%
3. Results and Discussion

3.1 Synthesis and thermal stability

Compound3 and CHOTPA-BTz-Iq were synthesized through Suzuki cougsin
The (CHOTPA-BTz-Igklrpic was synthesized using the previous methodch wit
two-step procedures, which contain a cyclometatatd CHOTPA-BTz-Ig and a
cleavage of the chloride groups in the correspandimers with picolinic acid. The
(CHsOTPA-BTz-Ig)Irpic was characterized bY4 NMR, MALDI-TOF mass spectra
and element analysis.

Thermal property of (CEOTPA-BTz-Ig)plrpic was characterized by TGA. The
recorded TGA curve is shown in Figure S1 (see Eeat Supporting Information,
ESI). The onset decomposition temperature for 5 éght loss [y) was 302 °C,

which indicates the (C¥DTPA-BTz-Iq)lrpic has high thermal stability.

3.2 Photophysical Properties

The photophysical properties of (GBITPA-BTz-Iqklrpic in DCM solution were
investigated at 298 K (Table 1). Figure 2 showsUhevis spectrum of (CEDTPA-
BTz-Iq),Irpic. For comparison, the UV-vis spectrum of thd;OTPA-BTz-Iq ligand
in DCM is also displayed in Figure 2. Three typiabkorption peaks at 304 nm, 465
nm and 535 nm were observed for @CHPA-BTz-Iqhlrpic. The intense high-lying
absorption peak is ascribed to the spin-allowedniycentral (LClt-n* transitions,
the low-lying peak with a shoulder in the regiond®0-600 nm can be ascribe to a

mixture of 'MLCT, 3MLCT and intramolecular charge transfer (ICT) ti&inss [45].

12



The low-energy absorption band cannot be distinesolved mainly owing to the
hiding of these transitions inside the UV regiortla# strong singlet transition, which
are of much lower but non-negligible absorptivigp]. Compared to the GATPA-
BTz-Iq free ligand, (CHOTPA-BTz-Iq)lrpic exhibited a significantly red-shift low-
lying absorption peak, which implies that (§3IPA-BTz-Iqhlrpic with D-A-A archi
-tecture has a more intense ICT effect than thgQOWPA-BTz-Iq free ligand due to
incorporation of the substituent iridium(lIl) conegl acceptor unit [38].

The PL spectra of (C#TPA-BTz-Igplrpic in degassed DCM (10M) at 77 K
and 298 K are displayed in Figure 3. As a refere@e;OTPA-BTz-Iq in dilute
DCM at 298 K is also shown in Figure 3. The coroespng data are summarized in
Table 1. At 298 K, under photo-excitation at 460, n{@H;OTPA-BTz-Ig)lrpic
exhibits a NIR emission with a strong peak at abtié nm and a shoulder around
790 nm. At 77 K, the complex displays an additioralission peak at 580 nm,
although the strong emission peak and shoulderveme similar to the spectrum at
298 K. In order to further explain the specieslad tifferent emission peaks in the
spectrum, we measured the lifetimésat 298 K and 77 K in degassed D®Wusing
the single-photon counting method. The decay moff (CHOTPA-BTz-Iqklrpic at
77 K and 298 K at different emission peaks are shiowFigure S2 (see ESI). At 77 K,
(CH3OTPA-BTz-Ig)lrpic exhibits a much longer emission lifetime &.86us at the
peak of 580 nm, which can be ascribe to the ligaipdet-triplet emission. Mean-
while, a strong low-temperature phosphorescencd ba708 and a shoulder around
783 nm are observed, which shows a little bluet $bithe spectrum at 298 K due to
the prohibition of the thermal activations [49]sing Ru(bpy)(PF;). as the standard
compound, (CBOTPA-BTz- Ig)lrpic shows a fluorescence quantum yield of 0.3% in

degassed DCM .

13



Compared to the iridium (11l) complex Ir(tpaigacac) (tpa = triphenylamine, iq =
isoquinoline, acac = acetoacetone) reported prelyony our group [46], the PL
spectrum of (CHBOTPA-BTz-Ig)lrpic presents 80 nm red shift because of an
additional A unit (benzotriazole). This indicatést the intramolecular D-A effect is

available to make the iridium (lll) complexes exhiled-shifted PL spectra.

3.3 Electrochemical Properties

The redox properties of (GBTPA-BTz-lg)lrpic were characterized by cyclic
voltammetry (CV) method using ferrocene as an nakistandard. The recorded
voltammograms are shown in Figure S3 and the iegulV data are summarized in
Table 1. An quasi-reversible oxidation wag,f at 0.75 eV and an quasi-reversible
reduction waveHq) at -0.82 eV are observed. According to the regubtiterature,
the oxidation potential is strongly dependent oa #hectronic environment of the
iridium(lll) core [47]. On the basis OE,x and Eeq values, the highest occupied
molecular orbital (HOMO) and the lowest unoccupiedlecular orbital (LUMO)
energy levels Eyomo and E ymo) of (CHsOTPA-BTz-Ig)lrpic are calculated to be
-5.08 and -3.5 eV based on the empirical formwapectively [48]. As the LUMO
and HOMO energy levels are -2.20 eV/-5.80 eV folKPand -2.80 eV/-6.50 eV for
OXD-7, (CHOTPA -BTz-Ig)lrpic exhibits a matched energy level with the Paid
OXD-7 blend, which is available for (GBTPA-BTz-Ig)lrpic to play a carrier trap
role in the PVK-OXD-7-hosted PLEDs. In order to eeniently analyze the energy
transfer of the guest and host in the PLEDs, théVIi@cLUMO energy levels of all

materials used and the device configuration argveho Figure 4.

3.5 Electroluminescence Properties
To investigate the applicability of this new emiti@ EL devices, a series of

spin-coated PLEDs were fabricated with a singlé+actayer configuration: ITO/
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PEDOT:PSS (40 nm)/ PVK:OXD-7 (70:30): X wt% (gBTPA- BTz-lq}lrpic (x =3,
5, 9) (80 nm)/ Ba (4 nm)/ Al (100 nm) (Device l)daa multi-active layer configu-
ration: ITO/ PEDOT:PSS (40 nm)/ PVK:OXD-7 (70:30): x wt% (¢IrPA-BTz-
Iq)2Irpic (x = 9, 12, 14, 16) (80 nm)/ TPBI (1,3,5-friphenyl-1H-benzol[d]-
imidazol-2-yl)phenyl) (30 nm)/ Ba (4 nm)/ Al (100m) (Device IlI), in which PEDOT
was employed as hole-injecting layer (HIL), PVK eakwith OXD-7 was acted as
host material because of the PVK has excellent-filmming properties and high
hole-transport ability, TPBI was used as the etgctransporting/exciton-blocking
layer, and Ba was used as electron-injecting |éyHr). The doping concentrations in
emitting layer were optimized to investigate theide performance. For convenience,
devices based on a single-active layer and a raciive layer are described as | and
I, respectively.

Figure 5 shows the EL spectra of the gOHIPA-BTz-Iqhlrpic-doped Device | and
Il at different dopant concentrationEhe detailed data are summarized in Table 2. In
Device I, at low doping concentration of 3.0 wt%optdistinct EL peaks at about 440
nm and 720 nm with a shoulder peak at about 780meme observed, which are
assigned to the PVK:OXD-7(70:30) and (§8H PA-BTz-Iq)lrpic emissions, respec-
tively. The EL peak of PVK/OXD-7(70:30) is shown in Figugd. With further
increasing dopant concentrations, the PVK:OXD-7 ssion was almost quenched
and only strong NIR emission from (@BITPA-BTz-Iqhlrpic was observed in both
Device | and Il. This implies that the energy wemnsferred efficiently from PVK:
OXD-7 to (CHOTPA-BTz-Ig)lrpic. More importantly, we found that the platinum
(I complexes of (TPA-BT-Q)Ptpic and (GATPA-BTz-Ig)Ptpic, which have the
analogous D-A-A structure, displayed a broad, dtlalemission including a strong

visible emission (derived from the (TPA-BT-Q) an@H;OTPA-BTz-Iq) ligand
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center) and NIR emission simultaneously, especiallyow dopant concentrations.
However, the (CEDTPA-BTz-Ig)lrpic shows no emission of ligand center because
the spin-orbit coupling (SOC) strength iaflium(lll) complexes are much stronger
than that of platinum(ll) complexes. (The EL spactf the three complexes are
shown in Figure S5 and Figure S6).

The EQE versus current density characteristic of the Deviand Il are shown in
Figure 6. The corresponding device performance deasummarized in Table 2. In
Device I, the maximunkEQE of 0.20% is observed at the dopant concentratid8s0
wt%. Apparently, theEQEs tend to decrease firstly and then increase whth t
increasing dopant ratios in Device I. In Devicewith the use of TPBI, the efficiency
enhances significantly because a broader recomdmatgion within the emitting
layer is better for carrier balance. The maximiE@E of 0.41% at current density of
8.14 mA cn¥ is observed at the dopant concentrations of 12%0. \Furthermore, the
EQE levels display a small roll-off at high currentnddies. This sluggish efficiency
roll-off is favorable for practical applications GLEDs/PLEDs [49]. Moreover, aside
from the octahedral configuration of iridium (llpomplexes, the introduction of
bulky nonplanar TPA unit into (GO TPA-BTz-Ig)lrpic can also effectively reduce
the chances of-stacking of dopants [38].

The current densitiegd)-voltage V)-radiance R) characteristics of the (GBTPA-
BTz-1g).Irpic doped Device | and Il are shown in Figurend dheir corresponding
data are summarized in Table 2. Device Il acquaequteferable performance with a
radiant emittance of 74.kW cmi® at 23.2 mA cnif and 12.0 wit% doping

concentrations.

4. Conclusions
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In summary, a novel benzotriazole-containing D-Ayfie cyclometalated iridium
(1) complex of (CHOTPA-BTz-Ighlrpic was obtained with a NIR-EL emission
peak at 723 nm and a shoulder at 780 nm. Its NIRtem PLEDs showed a
suppressed efficiency roll-off with increasing cgaérg current densities. The best
device performances were presented in the devid2.8twt% dopant concentration
in Decive Il. The maximumEQE of 0.41% at 8.14 mA ci and an irradiance
intensity of 74.14W cm? at 23.2 Vwere observed. This work indicates that
introducing appropriate D and A unit to develop BAAstructure is an efficient
approach to construct high-efficiency NIR-emittimglium (111) complex in PLEDs

with insignificant efficiency roll-off.
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Captions of Figures

Figure 1 Molecular structure of (C4#DTPA-BTz-Iqhlrpic

Scheme 1 Synthetic route of (CEDTPA-BTz-Iq)lrpic

Figure 2 Normalized UV-vis absorption spectra of &MPA-BTz-Iq ligand and
(CH3OTPA-BTz-Ig)lrpic in DCM at 298 K

Figure 3 Normalized PL spectra of GBTPA-BTz-Iq ligand in deaerated DCM at
298 K and (CHOTPA-BTz-Iqg)lrpic in deaerated DCM at 298 K and 77 K
Figure 4 Energy level diagram and device structure of thds(@TIPA-BTz-Iq)lrpic
-doped PLEDs

Figure5 EL spectra of the (C4#DTPA-BTz-Ig)lrpic-doped PLEDSs. (a) EL spectra in
Device | at dopant concentrations from 3 wt % twt%; (b) EL spectra in Device Il
at dopant concentrations from 9 wt% to 16 wt%.

Figure 6 The EQE versus current density characteristics of Devi@ and Device Il
(b).

Figure 7 The current density-voltage-radiandefR) curves of the (CEOTPA-BTz-
Iq).Irpic-doped devices at different concentration¥fi@m 3 wt% to 9 wt% in
Device I; (b) from 9 wt% to 16 wt% in Device Il.

Table 1 Photophysical and electrochemical properties &f;@TPA-BTz-Iq)lrpic

Table 2 The EL parameters of the (GBITPA-BTz-Iq)lIrpic-doped PLEDs
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Figure6
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Figure?7
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Tablel

UV-vis AInn? PLA/nm ( /psy Eiumo By
E/eV®
(éma/L Mol 'cmi?)° 77K 298 K eV eV
304(153389), 580(12.86), 718(0.48),
465(129269), 708(2.80), 790(0.47) 1.75 -3.50 1.58
535(56174) 783(2.54)
2Measured in DCM at 298 K at a concentration of a®| L™,
®Molarextinction coefficient at 298 K.
¢ Triplet energy was deduced from the highest péghosphorescent.
%Epomo = -(4.33 +Eox ) €V, ELumo = -(4.33 +Eeq) €V
Table 2
dopant ratio device Rirex(tW €mi©)
e (mf EQEmax (%) J(MAcm®)
(Wt%) type [V at Rrax(V)]
3 I 440, 719, 780(sh) 0.18 1.92 48.6 (13.6)
5 I 719, 780(sh) 0.14 3.17 42.2 (14.3)
9 I 719, 780(sh) 0.20 1.16 59.5 (16.1)
9 Il 723, 780(sh) 0.31 7.16 49.2 (20.9)
12 I 723, 780(sh) 0.41 8.14 74.1 (23.2)
14 Il 723, 780(sh) 0.32 7.79 43.5 (23.8)
16 Il 723, 780(sh) 0.27 7.81 not measured
sh=shoulder

#\eL: the maximum EL emission peak
®EQE, 5 the maximum external quantum efficiency

¢ current density dEQEay
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Figure S1. TGA curve of (CHOTPA-BTz-Ig)lrpic under a stream of nitrogen at a
scanning rate of 20 °C miin

Figure S2. Decay profile of (CHOTPA-BTz-Ig)lrpic at 77 K and 298 K at different
emission peak.

Figure S3. Cyclic voltammogram of the (GO TPA-BTz-Iq)lrpic .

Figure $4. The EL spectra of the host material PVK:OXD-7(10):3

Figure S5. The EL spectra of the (GATPA-BTz-1q)Ptpic-doped PLEDs at dopant
concentrations from 1 wt % to 9 wt%.

Figure S6. The EL spectra of the (GABTPA-BTz-Ig)lrpic- and (TPA-BT-Q)Ptpic-
doped PLEDs at 8 wt% and 9 wt% doping concentrafioEspectively.

Figure S7. *H NMR and MALDI-TOF mass spectra of GBITPA-BTz-lIg and

(CH3OTPA-BTz-Ig)lrpic
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Figure S1
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Figure S2
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Figure S3
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Figure S5
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Figure S7
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Highlights

» A nove iridium(I11) complex of (CH3OTPA-BTz-1qg).lrpic with a D-A-A structure
was synthesized.

» The (CH30TPA-BTz-Ig),lrpic shows an emission at 718 nm and a shoulder a 790
nm in solution at 298 K.

» The (CH30OTPA-BTz-1q),lrpic-doped PLEDs exhibited a near-infrared EL emission
peaked at 723 nm.

» The maximum EQE of 0.41% and a radiant intensity of 74.1 xW cm™ were obtained

in their doped PLEDs.



