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ABSTRACT

To tune excimer/aggregation emission and obtaiglsi®missive dopants for
white polymer light-emitting diodes (WPLEDSs), twmwel star-shaped dinuclear
cyclometalated platinum (II) complexes, namely OPI&)CsTPhGD(dHCz) and
DPtF(pic)GTPhGD(dNaCz), have been synthesized and characterigdtere
DPtF(pic) is dinuclear platinum (Il) [(4,6-difluorophenyl)-pgiinato-N,C](picolinate)
blue-emitting phosphorescent chromophore, D(dH®@z) B(dNaCz) are blue emitting
fluorescent chromophores containing carbazole ophthalene functionalized
carbazole group, respectively, TPpigerphenyl used as central bridging core, finally,
each parts of molecular skeleton are wired throoghconjugated hexyloxy ether
linkage (G). Their thermal, electrochemical and optophysigabperties were
primarily investigated. The device fabricated witlese complexes doped into a host
polyvinylcarbazole (PVK) blend with 30 wt % of areetron transport material
1,3-bis-(5-(4-(ert-butyl)phenyl)-1,3,4-oxadiazol-2-yl)benzene (OXDsHowed near-
white emission at lower dopant concentration. Awtl % dopant concentration,
DPtF(pic)GTPhGD(dHCz) exhibited near-white emission with a Ilumiso
efficiency LE) of 1.12 cd/A and a maximum external quantum gfficy EQE) of
0.57% (Commission Internationale de [I'Eclairage(CiEhromaticity coordinates:
(0.27, 0.40)) at 2.72 mA/cm At the same dopant concentration, DPtF(pic)-
CsTPhGD(dNaCz) showed much tunable near-white emissidh alLE of 0.99 cd/A

and aEQE of 0.51% (CIE: 0.30, 0.41) at 0.87 mA/Em

Keywords: Dinuclear cyclomelataed platinum (Il) complexesiue fluorescent

chromophore; Excimer; White organic light-emittidigdes; Synthesis



Introduction

Nowadays, researches on white organic or polymeghtifig-emitting diodes
(WOLEDs or WPLEDSs), pioneered by Kido and his cokess !, have drawn
particular attention owning to their promising apation in flat-panel displays, and
solid state lighting sources and back-lighting sesrfor liquid-crystal display$*2.
As a kind of mercury-free illumination light-soussewhite OLEDsS meet the
requirements of the EU WEEE & ROHS directives, thesj from the power
consumption point of view, also, WOLEDs/WPLEDs céuilly utilize energy
converted into light and minimize heat 1d8s Therefore, much endeavor was made
to produce high-efficiency WOLEDs. More encoura@ynghe value of efficiency in
WOLEDs has broken 90 Im W at 1000 c8/4#, which surpasses the efficiency of
fluorescent bulbs, offering a promising alternativéowever, in most studies of
WOLEDs, low efficiency and complicated device fahting remain a tough problem.

Up to now, to obtain efficient WOLEDs/WPLEDs, varg strategies have been
reported such as doping several fluorescent/phospbent emitters into the
single-emissive layer (SELY*?? or combining the blue exciplex host and the

phosphorescent emittefd?2 the mutilple-emissive layer (MEL*2"] the tandem

s [28-30] J31-32]

structure , the microcavity structure , and the down-conversion
architectures ®°, etc. Among these white-emitting devices, the %®@Eked
WOLEDs/WPLEDs possess a simple process technigdi@@nconsidered as a class
of promising commercial lighting sources. As wetlokvn, the white-emitting SEL

devices mainly presented two approaches. One i8-gmltters with various emissive



colors are used in the same host matrix as theitgdéyer*>%, however, this kind
of devices always suffer poor color stability ag thlue emitter displays a shorter
lifetime than the green and red emitters. The oharsingle-component emitter with
a wide spectral band emission employed in the mastix as the emitting lay&t®=7),
obviously, due to simultaneously mixing the intrmmemission in short-wave region
and the aggregate (excimers or electromers) emissidong-wave region, the later
SEL devices usually presented white or near-whitéssion *®“2 Recently, to
further study the formation of the aggregation/ee and obtain white or near-white
emission, there emerging a simple device fabrioafimcess with tunable emission
colors through SEL-WOLEDs with single emissive dupgéd®**. In fact, progress is
always coming quickly in making much simpler SEL-WEDs with a single emitting
component between electrodes have drawn greattiatteim recent year$*>*7.
Furthermore, some SEL-WPLEDs using a series of-bigting platinum (ll)
complexes blended into PVK-PBD host have been tegoby our group®>Y,
however, their luminous efficiency and brightneas, well as color stability are
unsatisfactory.

Inspired by the aforementioned works, to tune erciemission of platinum (II)
complex and get white emission in its doped PLEDsthis paper, two novel
star-shaped dinuclear cyclometalated platinum (I) complexes
DPtF(pic)GTPhGD-(dHCZz) and DPtF(pic)sTPhGD(dNaCz) were synthesized and

characterized, in which TPh ip-terphenyl used as bridging core,s @G a

nonconjugated hexyloxy ether linkage, DPtF(pis) dinuclear platinum (II)



[(4,6-difluorophenyl)-pyridinato-N,€]-(picolinate) blue-emitting phosphorescent
chromophore, D(dHCz) and D(dNaCz) are blue emitfingrescent chromophores
containing carbazole or naphthalene functionalizadbazole group, respectively.
Both platinum (1) complexes molecular structurge ahown in Chart 1 and the
synthetic routes of the complexes are shown in 1Beh&. Herein, blue-emitting
fluorescent chromophore can enhance blue emissioompanent and
carrier-transporting ability of its correspondinigtum (1) complex®®. Inserting a
nonconjugated §PhG group between the fluorescent chromophore and
phosphorescent chromophore is expected to effigieminage intra-molecular energy
transfer, and partly to tune the excimer formatsnthep-terphenyl group eTPhG
exist a distorted configuratidtt. Moreover, appending naphthalene to the non-planar
Cz unit in the platinum (Il) complex is expectedrot only tune the aggregation
emission, but also enhance the blue absorptionggmnisharacter of these dinuclear
platinum (1) complexes. In fact, the introductioh naphthalene certainly enhanced
energy transfer from host to dopant, and more \eagilform excimer emission in
device. By doping these complexes into a blendaty(pinylcarbazole) (PVK) and
1,3-bis(5-(4-(ert-butyl)phenyl)-1,3,4-oxadiazol-2-yl)benzene (OXD-730 wt %)
host matrix in single-dopant SEL PLEDs. As expectdddopant concentration of 1
wt %, DPtF(pic)GTPhGD(dHCz)-doped device exhibited near-white emissigtn
luminous efficiency I(E) of 1.12 cd/A and a maximum external quantum igfficy
(EQE) of 0.57% at 2.72 mA/cfnand the maximum brightness reached 559 ta@m

197 mA/cnf (CIE : 0.27,0.40). Meantime, at the same dopantceomation,



DPtF(pic)GTPhGD(dNaCz)-doped device showed much tunable nearewhit
emission with & E of 0.99 cd/A and &QE of 0.51% at 0.87 mA/cfrand a maximum
brightness of 530 cdfmat 234 mA/crh (CIE : 0.30,0.41). In addition, with
increasing dopant concentrations from 2 to 8 wtth@ host matrix's emission
gradually quenched, and all devices showed paleagreemission with
aggregation/excimer and dimer emission charactesréfore, grafting a blue-emitting
fluorescent chromophore into a platinum (1) comxpleith planar structure through a
nonconjugated linkage can effectively tune the agation/ excimer formation and
acquire white emission in SEL-WPLEDs.

Experimental Section

General Measurements

All reactions were performed under purified nitrogerotection and were
monitored by thin-layer chromatography (TLC). Flasiilumn chromatography and
preparative TLC were carried out using silica gehf Merck (200-300 mesh). AlH
NMR and *C NMR spectra were acquired at a Bruker Dex-400NM&rument
using CDC} as solvent. Mass spectra (MS) were recorded onkeBAutoflex TOF/TOF
(MALDITOF) instrument using dithranol as a matiemental analysis was carried out
with a Harrios elemental analysis instrument. Thegravimetric analysis (TGA) was
performed under a nitrogen atmosphere at a heatitggy of 10 °C/min using a
Perkin-Elmer TGA-7 thermal analyzddV-vis absorption and fluorescence spectra
were recorded with a Shimadzu UV-265 spectrophotemand a Perkin-Elmer

LS-50 luminescence spectrometer, respectively. iCydltammetry was carried out



on a CHI660A electrochemical workstation in a cartienal three electrode cell
using a platinum spar work electrode, a platinumewiounter electrode and KCI
saturated Ag/A§ reference electrode, respectively. The CV measemneénwas
performed in a solution of tetrabutylammonium héxafophosphate (BINPF;) (0.1
M) with a scan rate of 50 mV/s at room temperat(R&) under nitrogen flow
protection.
Device Fabrication

EL spectra were recorded with an Insta-Spec IV G@8tem (Oriel). Luminance
was measured with a Si photodiode and calibratedab¥R-705 spectrascan
spectrophotometer (Photo Research). The single-RlyEDs were fabricated with a
structure of ITO/PEDOT (40 nm)/EML (PVK/OXD-7:dopan 70%/30%:x wt%) (80
nm)/Ba (4 nm)/Al (100 nm), in which indium-tin oxd (ITO) and
poly(ethylenedioxythiophene)(PEDOT) are used asati@e and hole-injection layer,
as well as lithium fluoride (LiF) and Al are empé as the electron-injection layer
and cathode, respectively. The emitting layer iasiof the D(FPtpic)-
TriPhC6D(dHCZz) or D(FPtpic)TriPhC6D(dNaCz) dopantiahe PVK/OXD-7 blend
host matrix, in which the weight ratio of OXD-7 80 %. Doping weight
concentrations of platinum (1) complexes vary franwt% to 8 wt%.
Synthesis of 9-(6-bromohexyl)-3,6-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-
9H-carbazole (4)

A mixture of 3,6-dibromo-9-(6-bromohexyl)-9H-carlme (3) (1.00 g, 2.05 mmol),

4,4,5,5-tetramethyl-2-(4,4,5,5-tetramethyl-1,3,@8x@iborolan-2-yl)-1,3,2-dioxa-borol



ane (1.25 g, 4.92 mmol), PdQippf)CHCIl, (0.06 g, 0.08 mmol) and potassium
acetate (1.6 g, 16.4 mmol) in 30 mL 1,4-dioxanee Thixture was stirred under
nitrogen atmosphere at 80f@ 24 h. After cooled to RT, the mixture was palineto
water (100 mL), and then extracted with DCM. Thenbmed Organic layer was
dried over anhydrous MgSQand filtered. The solvent was removed off by rptar
evaporation and the residue was purified by sijeacolumn chromatography using
DCM/EA (20:1; VIV) as eluent to obtain a brown solid (0.62 g, 77.3%) NMR

( 400 MHz,CDC4 TMS, 5 ppm ): 8.66 (s, 2H), 7.90 (d= 8.1 Hz, 2H), 7.38 (d) =
8.2 Hz, 2H), 4.32 (tJ= 6.9 Hz, 2H ), 3.34 ()= 6. 7 Hz, 2H), 1.91-1.75 (m, 4H),
1.49-1.43 (m, 4H), 1.38 (m, 12H). MALDI-TOF MS (mfior CsgH4-B,BrNO,, Calcd:
581.248, Found, 581.122.

Synthesis of 9-(6-bromohexyl)-3,6-di(naphthalen-1-yl)-9H-carbazol e (5)

A mixture of compoundt (1.00 g, 1.72 mmol), 1-bromonaphthalene (0.86.82 4
mmol), Pd(PP¥)4 (0.10 g, 0.086 mmol), CO3(2 M, 7.0 mL) and THF (20 mL) was
refluxed for 24 h under nitrogen atmosphere. Afteoled to RT, the mixture was
poured into water (100 mL), and then extracted idtBbM. The combined Organic
layer was dried over anhydrous Mg&éhd filtered. The solvent was removed off by
rotary evaporation and the residue was chromatbgehpn a silica column using PE:
DCM = 4. 1 VIV) as the eluent to give the compound 5 as a wioiid $0.73 g,
73.1%)."H NMR ( 400 MHz,CDC} TMS, § ppm ): 8.25 (s, 2H), 8.05 (d= 8.4 Hz,
2H), 7.95 (dJ = 8.0 Hz, 2H), 7.97-7.88 (m, 2H), 7.67 (& 8.07 Hz, 2H), 7.60-7.57

(m, 6H), 7.52 (tJ= 7.3 Hz, 2H), 7.45 (tJ= 7.4 Hz, 2H), 4.50 ()= 7.0 Hz, 2H ),



3.46 (t,J= 6.6 Hz, 2H), 2.10-2.09 (m, 2H), 1.95-1.92 (m, 2H)63-1.50 (m, 4H).
MALDI-TOF MS (m/z) for GgH3,BrN, Calcd: 581.172, Found, 581.134.
Synthesis of Cz-CsDBrBCs-Cz

A mixture of compound. (1.00 g, 3.03 mmol), 2,5-dibromobenzene-1,4-dioB3
g, 1.23 mmol), KCO;(33%, 3 mL), tetrabutylammonium bromide and tolu¢2e
mL) was stirred at 90°C for 24 h under nitrogen @phere. After cooled to RT, the
mixture was poured into water (100 mL), and thenrasted with DCM. The
combined Organic layer was dried over anhydrous ®lgé&hd filtered. The filtrate
was evaporated to remove the solvent and the msihs passed through a flash
silica gel column using PE:DCM=4:NM[V) as the eluent to give the compound
Cz-GDBrBCs-Cz as a white solid (0.84 g, 89% ) NMR (400MHz, CDC}, TMS), &
(ppm): 8.10 (d, J = 7.7 Hz, 4H), 7.48-7.39 (m, 8AR3 (t, J = 7.2 Hz, 4H), 7.04 (s,
2H), 4.33 (t, J = 6.9 Hz, 4H), 3.90 (t, J = 6.0 Hkl), 1.97-1.88 (m, 4H), 1.81-1.72 (m,
4H), 1.50-1.43 (m, 8H). MALDI-TOF MS (m/z) for&H.:Br.N,O,, Calcd: 766.159,
Found, 765.986.
Synthesis of Cz-CqTriBCs-Cz

A mixture of Cz-C¢DBrCs-Cz (0.50 g, 0.65 mmol), 4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenol (0.35 g, 1.57 mmol), Pdi{gP (0.076 g, 0.066 mmol),
K>,CO;(2 M, 3 mL) and THF (20 mL) was refluxed under ratig for 24 h under
nitrogen atmosphere. After cooled to RT, the mixtwas poured into water (100 mL),
and then extracted with DCM. The combined orgaayet was dried over anhydrous

MgSO, and filtered. The filtrate was evaporated to reenthe solvent and the residue



was passed through a flash silica gel column uBBd=A=3:1 {/V) as the eluent to
give the compound CzgTriBCs-Cz as a white solid (0.20 g, 38.7%H NMR
(400MHz, CDC4,TMS), § (ppm): 8.10 (d, J = 7.6 Hz, 4H), 7.48-7.36 (m, )2H23
(t, J = 7.4 Hz, 4H), 6.88 (s, 2H), 6.73 (d, J =182 4H), 4.25 (t, J = 7.1 Hz, 4H), 3.85
(t, J = 5.9 Hz, 4H), 1.84-1.81 (m, 4H), 1.63-1.68, (4H), 1.39-1.35 (m, 8H).
MALDI-TOF MS (m/z) for G4Hs,N204, Calcd: 792.393, Found, 792.162.
Synthesis of DNaCz-CsDBrBCs-CzDNa

DNaCz-CsDBrBCgsCzDNa was synthesized according to the method desciibed
Synthesis of Cz-CsDBrBCs-Cz The filtrate was evaporated to remove the solegiot
the residue was passed through a flash silicagahm using PE: DCM=3:1 as the
eluent to give the compound DNaCzBBrBCs-CzDNa as a white solid (0.82 g,
86.3%).'H NMR (400MHz, CDC}, TMS), 5 (ppm): 8.25 (s, 4H), 8.05 (d,= 8.3 Hz,
4H), 7.94 (dJ = 8.0 Hz, 4H), 7.88 (d] = 6.0 Hz, 4H), 7.66 (d] = 7.9 Hz, 4H), 7.60
(s, 4H), 7.58-7.55 (m, 8H), 7.53-7.47 (m, 4H), 77441 (m, 4H), 7.11 (s, 2H), 4.49 (t,
J = 6.9 Hz, 4H), 3.97 (1) = 6.0 Hz, 4H), 2.13-2.02 (m, 4H), 1.89-1.82 (m,)4H
1.69-1.60 (m, 8H). MALDI-TOF MS (m/z) for &HeeBr.N,O,, Calcd: 1270.347,
Found, 1270.774.
Synthesis of DNaCz-CgTriBCs-CzDNa

DNaCz-CeTriBCs-CzDNa was synthesized according to the method desciibed
Synthesis of Cz-CsTriBCs-Cz The filtrate was evaporated to remove the solvedt a
the residue was passed through a flash silicaagiehm using PE: DCM=1:1WV) as
the eluent to give the compound DNaCzFIBCs-CzDNa as a white solid (0.82 g,

10



86.3%).'H NMR (400MHz, CDC4,TMS), § (ppm): 8.21 (s, 2H), 8.08 (d, J = 8.19 Hz,
4H), 7.95-7.84 (m, 8H), 7.62-7.41 (m, 28H), 6.922H), 6.78 (dJ = 7.65 Hz, 4H),
4.39 (t,J = 6.9 Hz, 4H), 3.89 (1) = 6.4 Hz, 4H), 1.99-1.92 (m, 4H), 1.74-1.64 (m,
4H), 1.50-1.40 (m, 8H). MALDI-TOF MS (m/z) for §H7¢N,O4, Calcd: 1297.584,
Found, 1296.133.

Synthesis of DPtF(pic)CsTPhC6D(dHCZ)

A mixture of Cz-C¢TriBCs-Cz (0.076 g, 0.096 mmol), FPtpigBr (2) (0.13 g, 0.20
mmol), CsCO;(0.62 g, 1.90 mmol), KI and acetone (40 mL) wastdrkdo reflux
under stirring for 48 h. After cooled to RT, thexmnire was filtered. The collected
solid was washed by DCM three times. The combimgadroc solution was distilled
successively under ordinary and reduced pressine rdsidue was purified by silica
gel column chromatography using DCM:methanol = 58/V) as eluent to give the
DPtF(pic)GTPhC6D(dHCz) as a yellow solid (0.90 g, 46.94%).NMR (CDCk, 400
MHz, TMS) & (ppm): 9.19 (d,J = 5.6 Hz, 2H), 8.63 (d] = 5.2 Hz, 2H), 8.07 (d] =
7.0 Hz, 4H), 7.99 (dJ = 8.0 Hz, 2H), 7.85 (d] = 8.6 Hz, 2H), 7.62 (d] = 8.2 Hz,
2H), 7.50-7.48 (m, 6H), 7.42 (d,= 6.8 Hz, 4H), 7.35 (d] = 7.4 Hz, 4H), 7.17 (] =
7.4 Hz, 4H), 7.14 (dJ = 6.2 Hz, 2H), 6.92-6.88 (m, 8H), 6.63 Jt= 9.5 Hz, 2H),
4.22 (t,J=7.1 Hz, 4H), 4.13 (] = 6.3 Hz, 4H), 3.92 () = 6.7 Hz, 4H), 3.86 (1] =
5.9 Hz, 4H), 1.96-1.84 (m, 4H), 1.84-1.69 (m, 12H§0-1.43 (m, 4H), 1.43-1.38 (m,
12H). °C NMR (100 MHz, CDGJ, TMS), §(ppm): 170.03, 163.45, 158.28, 128.14,
150.40, 150.32, 149.99, 149.91, 142.84, 142.35,4141141.34, 140.44, 140.42,
139.58, 139.56, 130.63, 130.56, 130.30, 130.29,0828125.62, 125.22, 122.94,

11



122.85, 122.03, 121.81, 121.67, 121.62, 120.30,7518116.45, 116.38, 114.10,
108.67, 99.77, 99.54, 99.17, 70.44, 69.50, 67.82386} 29.32, 29.26, 29.17, 28.80,
26.84, 25.85, 26.71, 25.51. MALDI-TOF MS (m/z) f@fodHqFsNsO10Pt, Calcd:
2002.612, Found, 2002.818. Anal. Calcd. fasd392F4PHNeO10: C 59.93, H 4.63, N
4.19%. Found: C 59.64, H 4.71, N 4.27%.

Synthesis of DPtF(pic)CsTPhC6D(dNaCz)

DPtF(pic)GTPhC6D(dNaCz) was synthesized according to the odettescribed
in Synthesis of DPtF(pic)CsTPhCED(dHC2). The filtrate was evaporated to remove
the solvent and the residue was passed througisla $ilica gel column using DGM
THF =5Q 1 as the eluent to give the DPtF(pig)J®hC6D(dNaCz) as a yellow solid
(0.039 g, 35.5%)'H NMR (CDCk, 400 MHz, TMS)5 (ppm): 9.18 (dJ = 5.6 Hz,
2H), 8.60 (d,J = 5.2 Hz, 2H), 8.21 (s, 4H), 8.01 (@= 8.1 Hz, 6H), 7.92-7.82 (m,
10H), 7.60 (d,J = 8.1 Hz, 4H), 7.52-7.43 (m, 24H), 7.40 {d= 7.0 Hz, 4H), 7.12 (d,
J = 6.2 Hz, 2H), 6.93-6.85 (m, 8H), 6.62Jt= 9.9 Hz, 2H), 4.35 (] = 6.9 Hz, 4H),
4.04 (t,J = 6.3 Hz, 4H), 3.90 () = 6.4 Hz, 8H), 1.98-1.92 (m, 4H), 1.88-1.82 (m,
4H), 1.75-1.65 (m, 8H), 1.50-1.42 (m, 16HJC NMR (100 MHz, CDCJ, TMS),
d(ppm): 170.08, 163.85, 163.71, 163.46, 163.39, 6%H1161.49, 161.32, 161.19,
159.05, 158.91, 158.31, 158.07, 150.35, 149.96,9042142.30, 141.25, 141.04,
140.23, 139.53, 133.97, 132.23, 131.63, 130.77,.613030.31, 128.26, 128.20,
127.98, 127.94, 127.41, 127.20, 126.40, 125.93,6825125.54, 125.47, 125.05,
122.97, 122.00, 121.86, 121.82, 1212.59, 116.34,6Y] 114.52, 114.49, 114.11,

108.85, 108.58, 108.40, 108.35, 99.81, 99.54, 99@.B3, 69.49, 67.82, 43.25, 29.72,

12



29.35, 29.16, 28.90, 26.91, 25.94, 25.72, 25.50.LMIATOF MS (m/z) for
CiadH118FaN6O10P, Calcd:  2506.798, Found, 2506.912. Anal. Calcdr fo
C1a0H116F4PEN6O10: C 67.03, H 4.66, N 3.03%. Found: C 67.33, H 4163.17%.
Results and Discussion

Synthesis and Characterization

As shown in Scheme 1, intermediateslp? and 3 were synthesized according to

the published procedures™ >’

, respectively. The detailed synthesis and
characterization of the other compounds and thinpia (1) complexes are given in
the experimental section. Meanwhile, the new comgeun this contribution were

fully characterized with'H NMR, **C NMR, MALDI-TOF mass spectra and

elemental analysis (see Electron Supporting InfdionaESI).
Thermal stability

The thermal stability of these platinum (II) comy#e were measured by thermal
gravimetric analysis (TGA) under a stream of nimegatmosphere with a scanning
rate of 10 °C/min and their TGA curves are shownrFigure S1(see supporting
information). The decomposition temperatuii@) (correspond to a 5% weight loss
value are 240 °C for DPtF(picgTPhGD(dHCz) and 266 °C for
DPtF(pic)GTPhGD(dNaCz), respectively, which indicates that thesectionalized
platihnum (ll) complexes present good thermal proesr Particularly,
DPtF(pic)GTPhGD(dNaCz) displays an increasing thermal stabillityis is mainly

due to the grafting of large conjugateaphthalene unit.

13



Photophysical properties

The UV-vis absorption spectra of the platinum @omplexes were measured in
dichloromethane (DCM) solution at room temperat{iR&) is depicted in Figure 1
and the absorption data are collected in Tablehg. dptical properties of intermediate
containing the fused aromatic ring and model commes shown in Figure S2.
Compared to the absorption spectra of fluorescagtrients and DPtF(pic) portion, an
intense high-energy absorption band at 264 nm andderate low-energy absorption
band at 300 nm were observed for the spin-allowed transitions of the DF and
carbazole (Cz) units, respectively. The moderatelyong absorption bands at 324
nm, 350 nm and 396 nm that probably corresponchéontixture of spin-allowed
singlet metal-to-ligand charge transferM{CT), spin-forbidden triplet
metal-to-ligand charge transfePMLCT) and *t-n* transitions. Compared to
DPtF(pic)GTPhGD(dHCz), DPtF(pic)eTPhGD-(dNaCz) exhibited an additional
wider absorption band at 303 nm, which is attridute the introduction of the
fluorescent chromophores of naphthalene (Na) Uiieé enhanced UV absorption is
considered to be available to improve the energystier efficiency from the host
matrix to the platinum (Il) complex in PLECSS.

Figure 2 shows the photoluminescent (PL) spectrin@fplatinum (II) complexes
both in DCM solution and neat films at Rand the corresponding data are
summarized in Table 1. In the dilute DCM solutiahmost identical PL spectra are
observed in both platinum (lII) complexes. The tgpiemission structure peaked at
436 nm and 424 nm are observed for DPtF(CRhGD(dHCz) and
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DPtF(pic)GTPhGD(dNaCz), respectively, which are assigned to thectenic
transition from®MLCT/3z-n* to ground statd®. An efficient energy transfer from
fluorescent fragments to DPtF(pic) portion was sigefrigure S2, for the emission
spectrum of the former matched well with the ab8orprange of the later, besides,
complexes show separated absorption-emission dkaraghile DPtF(pic) portion
seems to have a shortcoming of self-extinctionthiir concentration-dependent PL
spectra (Figure S3), the above typical emission kpeashow gradually
bathochromic-shift with increasing concentrationghich can be attributed to
different aggregation states under various conatiatrs®®, and this phenomenon
was more obvious in DPtF(picgTPhGD(dNaCz). On the other hand, almost similar
PL spectra in their neat films with maximum emisspeaks at 445 and 421 nm are
observed for DPtF(picIPhGD(dHCz) and DPtF(pic)TPhGD(dNaCz),
respectively. Furthermore, a broad long-wave-lergghission over 570 nm seems

B compared to the

to emanate from excimer of the platinum (Il) conxele
DPtF(pic)GTPhGD(dHCz), DPtF(pic)@TPhGD(dNaCz) showed much weaker
excimer emission. Obviously, introducing naphthyroup into fluorescent
chromophores could better tune aggregation emis3iois phenomenon implies that
introducing an expanded-conjugation group into plane platinum (Il) compdex
through a non-conjugated linkage is available tiee tunable wide-range emission,
where exist various emissive characters such ag+mmiecular, aggregation/excimer
emission.

Electrochemical property
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The electrochemical properties of the platinum ¢tjnplexes were investigated by
cyclic voltammetry, and the resulting data areetisin Table 1. Only a reversible
oxidation potential Eo.x) was observed of these platinum (ll) complexes, dhset
oxidation potentials H,) of 1.02 and 1.04 V are observed for
DPtF(pic)GTPhGD(dHCz) and DPtF(pic)(TPhGD-(dNaCz), respectively.
According to the formula oEeq= Eox- Eg, the reduction potential€gg) value was
estimated by the optical band gagg im,opy) @aNdEox, WhereEg fim,opt = 1240konset, film
Therefore, the highest occupied molecular orbit Q) and the lowest unoccupied
molecular orbital (LUMO) energy level&{omo and ELumo) can be calculated using
the equationExomo = - Eox - 0.10) - 5.1 eV, The Enomo/ELumo Values of
-5.64/-2.71 eV for DPtF(pic)TPhGD(dHCz) and -5.66/-2.73 eV for
DPtF(pic)GTPhGD(dNaCz) are obtained, respectively. Obviously, naphthalene-
functionalized carbazole group is responsible wvdring Eqomo andELumo values
when connected with platinum (II) complex.

Electroluminescent Property

To illustrate electrophosphorescent performandd@platinum (II) complexes, the
SEL devices with a configuration of ITO/PEDOT (4t platinum (1I) complex (x
wt%) -PVK/OXD-7 (80 nm)/Ba (4 nm)/Al (100 nm) wefabricated by spin-coating
process. Where ITO is used as the anode, poly@ttigxythiophene) (PEDOT) is
used as the hole-injection layer while Ba/Al is ¢éoypd as a cathode. The emitting
layer consists of the dopant of platinum (Il) coex@ls and host matrix of
PVK/OXD-7 blend, where the weight ratio of OXD-7 8 % in the blend of
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PVK/OXD-7, dopant concentrations of the platinum) ¢omplexes varied from 1 to 8
wt %, respectively.

The electroluminescent (EL) spectra and their spwading CIE chromaticity
diagrams of the DPtF(pic}TPhGD(dHCz)-doped and DPtF(pic}TPhGD(dNaCz)-
doped devices with different concentration frono8twt % at current density of 7.5
mA are presented in Figure 3, and their correspan@IE data are listed in Table 2.
For the sake of convenience, devices based on PEIE{TPhGD(dHCZz) and
DPtF(pic)GTPhGD(dNaCz) are described as “a” and “b”, respectiveBoth
complexes exhibit broad emission structures fron® 36 750 nm, where the
high-lying emission bands at around 375 ~ 500 nennaainly attributed to the host
emission®. Meanwhile, emission bands observed at 480 ~ H1@me dominated by
a certain degree of aggregation of platinum congsdear the matrix of PVK/OXD-7
blend. The low-lying emission band at around 610isthe excimer emission, mostly,
excimer formed from the Pt entities in differentrqgexes, as previously reported by
our group, intense excimer’s emission can be asemwed in complex-doped PLEDs
with only one Pt entity*®. With the increasing of dopant concentrations, et
emission gradually decreased in intensity, whikelthv-energy aggregation/excimer
emission increased, which shows an efficient enérgysfer from host to dopant.
When the dopant concentration is 8.0 wt%, emisgiom the PVK-OXD-7 was
completely quenched. Interestingly, appending ragbhe unit is propitious to
enhance energy transfer from host to dopant, ande measily to form excimer
emission in  device. Obviously, DPtF(pigl®hGD(dHCz)-doped and
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DPtF(pic)GTPhGD(dNaCz)-doped devices presented near-white emisgid wt%
doping concentration, respectively. When the dopantentrations increased from 2

wt% to 8 wt%, the devices preliminary showed paleeg emission.

The typical current density-luminance-voltagé&L{V) characteristics of the
platinum (1) complexes-doped SEL PLEDs at dopamtcentrations from 1 wt% to 8
wt% are shown in Figure 4, respectively. Meantirttes dependence dfE-PE-J
curves of the platinum (II) complexes-doped SEL PkEare presented in Figure 5,
for comparison, the device performances are sunzethin Table 2. Turn-on voltage
of the devices are observed to increase from 5.8 8® V for
DPtF(pic)GTPhGD(dHCz), as well as 6.2 to 7.2 V for DPtF(pigJ®hGD(dNaCz).
This further indicates that the device is mainlyexgted by the carrier trapping
mechanism rather than energy transfer mechanisranMale, a pale-green emission
with a maximum luminance of 649 cd/na LE of 1.31 cd/A and a power efficiency
of 0.59 Im/W was obtained in DPtF(pigJlPhGD(dHCz)-doped SEL PLEDs at 2
wt% dopant concentration, Particularly, near-wh@missions with a maximum
brightness of 559 cd/fmaLE of 1.12 cd/A and &®E of 0.50 Im/W was achieved in the
DPtF(pic)GTPhGD(dHCz)-doped SEL PLEDs at 1 wt % dopant concewtnat
Meanwhile, at the same dopant concentration, néaevemission was also observed
in the DPtF(pic)GTPhGD(dHCz)-doped same device with a brightness of &B67,

a LE of 0.99 cd/A and &E of 0.41 Im/W. Furthermore, with increasing dopant
concentrations from 2 to 8 wt %, both platinum (dpmplexes-doped devices
exhibited a decreasing luminance due to their l@sgent quenching. For comparison,
the device performances are summarized in Tablad?EQE-J characteristics are
shown in Figure 6. The maximuBQE of 0.66% at a current density of 3.52 mAtm

is observed in the DPtF(picgTPhGD(dHCz)-doped PLEDs at the dopant
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concentration of 2 wt %. Also, DPtF(piggTPhGD(dNaCz)-doped PLEDs presented
a peakEQE of 0.50% at a current density of 0.87 mAtat dopant concentration of

1 wt %. Meanwhile, we note that tl#E values also preliminary decreased as the
dopant concentrations increased from 2 to 8 wt %is Jphenomenon was also
observed by our previous wol®, which is related to the concentration quenching.
This work implies that incorporating a blue flu@®st chromophore into blue-emitting
dinuclear platinum (Il) complex through nonconjueghtchain bridging is a viable
strategy to control aggregation/excimer emissiams$ @btain white-emitting PLEDs

with single dopant.

Conclusions

In summary, we have investigated the photophysieé&ctrochemical and
electroluminescent  properties of the two platinumll) ( complexes,
DPtF(pic)GTPhGD(dHCz) and DPtF(pic)eTPhGD(dNaCz), where emission can
be tuned by distinct emission together with aggiiegéexcimer and dimer emission
characters. At 1 wt % doping concentration, DPE@TPhGD(dHCz)-doped
device exhibited near-white emission with the Cliorcinates of (0.27,0.40) and a
LE of 1.12 cd/A at 2.72 mA/ct Corresponds to DPtF(picyOPhGD(dNaCz)-
doped devices, at the same doping concentratienPtiEDs presented much more
near-white emission with the CIE coordinates 08{00.41) and &E of 0.99 cd/A at
0.87 mA/cni. Assuredly, inserting a deep blue fluorescent ioghore with the dual
picolinic acid by nonconjugated linkage in a platim (II) complex could effectively
tune the aggregation emission and get white enrmssi®EL-WPLEDs.
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Figure and Tables

Chart 1. Molecular structures of platinum (II) complexes.

Scheme 1. Synthetic routes of platinum (II) compkex

Figure 1. UV-vis absorption spectra of platinum (II) compdsxn DCM solution (1.0
x10°M) at RT.

Figure 2. PL spectra of platinum (Il) complexes in DCM saut(1.0 x10°M) and
neat films at RT.

Figure 3. EL spectra and the CIE coordinates (inset) of imlan (1)
complexes-doped PLEDs at dopant concentrations fréon8 wt %, respectively.
Figure 4. The J-L-V curves of platinum (ll) complexes-doped PLEDs apatu
concentrations from 1 to 8 wt %, respectively.

Figure 5. The LE-PE-J curves of platinum (1) complexes-doped PLEDs apaht
concentrations from 1 to 8 wt %, respectively.

Figure 6. The J-EQE curves of platinum (Il) complexes-doped PLEDs iffecent
concentrations from 1 to 8 wt %, respectively.

Table 1. Photophysical, electrochemical and thermal paramedé platinum (II)
complexes.

Table 2. EL parameters of platinum (Il) complexes-doped PEED
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Figure3
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Figure5

Figure6
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Tablel

/labs /lemb /lemc on Egd EHOMO ELUMO f
Compound
(hm) (hm) (nm) V) (ev)  (ev) (eV)
264, 283, 294, 425, 443,
36 1.02 2.93 -5.64 -2.71
324, 349, 396 484, 529, 623
267, 303, 421, 440,
B 424 1.04 2.93 -5.66 -2.73
323, 395 481, 527, 610

#A and B instead of DPtF(pic)TPhGD(dHCz) and DPtF(pic)fTPhGD(dNaCz), respectively;
® Measured in DCM(1® M) at 298 K;® Measured in the neat film at 298 fEstimated from the
onset of low-lying absorption edg&omo = - (Eox - 0.48) - 5.1 eV, where 0.48 V is the potential
for ferrocene vs. Ag/AgCl and 5.1 eV is the endayel of ferrocene to the vacuum energy level;

f _
ELumo = Eg+ Erowmo.

Table2

Dopant Von ®J Max L °J MaxLE MaxPE MaxEQE CIE
(Wt%) [nm] [mA/cm?  [cd/inf]  [mA/cm?  [cd/A]  [Im/W] [%] [x ¥l
Al 5.8 197 559 2.72 1.12 050 0.57  (0.27, 0.40)
A-2 5.8 180 649 2.15 1.31 0.59 0.66 (0.29, 0.43)
A-4 6.6 138 503 3.63 1.09 0.43 0.55 (0.30, 0.45)
A-8 8.0 116 433 4.73 0.92 0.30 0.46  (0.31,0.48)
B-1 6.2 234 530 0.87 099 041 0.51  (0.30, 0.41)
B-2 6.6 217 517 1.36 0.99 0.41 0.50 (0.31, 0.43)
B-3 6.6 225 462 0.52 1.05 0.45 0.49 (0.32, 0.46)
B-4 7.2 178 459 0.49 0.88 0.38 0.46 (0.36, 0.48)

2Turn on voltage at 1 cd/m® The maximum brightness corresponding to the curensity;® The
maximum luminous efficiency corresponding to therent density.
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Research Highlights

Two blue-emitting fluorophore chromophore-functionalized dinuclear platinum (l1)
complexes were synthesized and characterized.

The optophysical and electroluminescent properties of the platinum (I1) complexes
were investigated.

Near-white emission was observed in its doped single-emissive-layer WPLEDs.

A maximum brightness of 559 cd/m? with aluminance efficiency of 1.12 cd/A was
achieved in SEL-PLEDs.



