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Effective Management of Intramolecular Charge Transfer to Obtain from Blue to
Violet-blue OLEDs Based on a Couple of Phenanthrene I somers
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A couple of phenanthrene isomers (PATPA) were designed and synthesized by introducing
strong D-n-A structure strategy to manage effectively their intramolecular charge transfer
(ICT) processes for violet-blue emitters.
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Abstract: A couple of phenanthrene isomers were designed sgnthesized by
introducing strong De-A structure strategy to manage effectively theiramolecular
charge transfer processes for violet-blue emitfEngir physical properties, including
UV-vis, photoluminescence, thermal and electrockawyi were systematically
studied. The results were found to be good canelsdas emitters for organic light
emitting diodes (OLEDs). The devices based on thexhibit deep-blue light
emissions with CIE coordinates of (0.15, 0.15) fePATPA and violet-blue (0.16,
0.05) for m-PATPA at 100 cdfmrespectively. The violet-blue device shows good
performance with external quantum efficiency (EQ&)rrent efficiency (CE), and
power efficiency (PE) of 2.39%, 0.78 cd/A, and Olm2W, respectively. Furthermore,

at the high luminescence, the device still indidag@od performance with relative



low efficiency roll-off. Our results here succedbfuprovide an efficient design
strategy with strong donor and acceptor for vidlete emitters.

Keywords Violet-blue emission, Intramolecular charge transf®henanthrene
isomers

I ntroduction

Blue organic light-emitting diodes (OLEDs) have hedtracting extensively attention
from scientific and industrial fields due to thepantance in flat-panel displays (FPD)
and solid-state lighting (SSL) resourée.Generally, a high color saturation or color
rendering index of white OLEDs requires at leastie®ep-blue emission with a
Commission Internationale de I'Eclairage (CIE) putinate value of less 0.18.The
development of deep-blue, even violet-blue matgrigd of special significance
because such emitters can not only effectivelycedbe power consumptions of FPD
and SSL, but also be utilized to generate lighttbier colors by energy cascade to a
lower-energy fluorescent or phosphoresédnt.

In the past decades, numerous compounds have beeloped to be used as blue
emitters, and some of them exhibited good perfona$h However, the present
compounds with violet-blue or violet emission atiél gery rare. In view of this, the
research about the violet-blue emitters with higinffgrmance is still the active field
of OLEDs!”! Due to the larger HOMO-LUMO gap, the design andtisgsis of this
are still the challenges for us. Recently, somearshers put forward the thought of
introduction donorsti-acceptor type molecules to obtain highly-efficiemblet-blue

emitters’® The effective method is to choose some weak eleetonating (D) and



accepting (A) units to reduce the ability of intlecular charge transfét. Thus, it
will lead to many functional groups with high fl@scent yields which cannot be
introduced owing to their large conjugation, such as anthracélie fluorenel*!
styrylarylené? and pyren&® derivatives and so forth. Furthermore, the weak-m-
type emitters will either decrease the fluorescegtiantum yield and
charge-transporting abilit}?*! or to some extent increase the synthetic difficulhen
large molecular weight and/or bulky structure aseally required for good thermal
and morphological stability®! Therefore, if the D-A type emitters containingosiy
D and A units also can be used as highly efficieviojet-blue emission by effective
management of their intramolecular charge tran#€&F), it will be the best choice to
develop the violet-blue OLEDs. Unfortunately, ta eest knowledge, the violet-blue
OLEDs with strong D and A units have not been reggbto date.

Herein, we demonstrate a couple of phenanthreneatiges, which contain the
strong electron-donating triphenylamine (TPA) wamd electron-accepting imidazole
unit, 3'-(phenanthren-9-yl)-N,N-diphenyl-5'-(1-plyedH-phenanthro [9,10-d]
imidazol-2-yl)-[1,1'-biphenyl]-4-amine (m-PTPAPIha 4'-(1-(4- (phenanthren-9-yl)
phenyl)-1H-phenanthro[9,10-d]imidazol-2-yl)-N,N-tienyl-[1,1'-biphenyl]-4-amine
(p-PTPAPI) (Scheme 1). As shown in the Scheme [ garticularly intriguing to
compare the electroluminescent properties of m-APIRAd p-PTPAPI, both have the
same molecular constructing D, A ameconjugating units. We only changed the
connecting mode af-conjugating linkers between the D and A units frpara- to

metaposition. Their electronic transitions of the dmetransfer (CT) excited states



can effectively managed. The corresponding eleatnoiescence based on them as
non-doped OLEDs emitter shows from deep-blue teiolet emission. The OLEDs
based on m-PTPAPI as emitter achieved an extetmadtgm efficiency of 2.39 % and
a deep-blue CIE(x,y) of (0.15, 0.05), which was fin& time to obtain a blue-violet
emitter with strong D (TPA) and A (imidazole) units a nondoped system to our
knowledge.

Results and discussion

Synthesis As shown in Schemel, the synthetic processes of TRAPI and
p-PTPAPI are similarly by three synthetic stepshwgod yields. The important
intermediate for the synthesis of m-PTPAPI wasdpHenylamino)-5-(phenanthren-
9-yl)-[1,1'-biphenyl]-3-carbaldehyde3), which was synthesized by two steps of
Suzuki couplings from 3,5-dibromobenzaldehyde,dt{enylamino)phenyl)boronic
acid and phenanthren-9-ylboronic acid using Pd{2E€h as catalysis. While the
compound p-PTPAPI was synthesized through a Sueakpling with 4'-(1-(4-
bromophenyl)-1H-phenanthro[9,10-d]imidazol-2-yl)MN, diphenyl-[1,1'- biphenyl]-
4-amine §) and phenanthren-9-ylboronic acid. 4'-(diphenylaoi[1,1'-biphenyl]-4
-carbaldehyde4) was synthesized followed the method reportedadlitee™® The
compound5 was prepared from 4'-(diphenylamino)-[1,1'-bipHgdycarbaldehyde,
phenanthrene-9,10-dione and 4-bromoanilingll of new compounds were
characterized using mass spectromefty, NMR, *C NMR spectroscopy, and

elemental analysis.



Thermal and electrochemical properties The thermal properties of m-PTPAPI and
p-PTPAPI were studied by thermogravimetric analyfi$GA) and differential
scanning calorimetry (DSC) under a nitrogen atmesphvith a rate of 10 °C miin
As shown in Fig. 1, their decomposition temperatu(B;, corresponding to 5%
weight loss) are 475 °C (m-PTPAPI) and 478 °C (f®RPI), respectively. No
obvious glass transition temperaturég) @re observed for them. Obviously, theof
p-PTPAPI are higher than that of m-PTPAPI, whicligates the introduction of
para-configuration will improves the morphological silél. The high T4 values
indicate that these molecules are stable and Ha¢dtential to be fabricated into
devices by vacuum thermal evaporation technolobg. dlectrochemical properties of
them were measured by cyclic voltammetry with theksetrodes system. As shown in
Fig. 2, both of them exhibit similar oxidation aretiuction processes. In the cathodic
scan, m-PTPAPI and p-PTPAPI appeared the oxidgirooesses originating from
their p-type TPA unit. Thus, they exhibited simildOMO energy levels of about —
5.30 eV. The LUMO levels of the two materials weadculated to be about —2.57 eV
for p-PTPAPI, —2.4 eV for m-PTPAPI, respectivelythdugh both of them have the
same reduction imidazole unit, the LUMO level oPPPAPI is 0.17 eV higher than
that of m-PTPAPI, the imidazole is designedpasa-configuration, which makes
reduction occur more easily. The values found fe energy band gafE(,) of
PTPAPI using cyclic voltammetry according to thei@ipnE*y = (HOMO-LUMO)
are 2.73 eV and 2.90 eV for p-PTPAPI and m-PTPAPs$pectively. The higher

electrochemical band gap is found to be the enbagyier of charge transfer at the



electrodes during electrochemical measureniéfts.

Photophysical Properties Photophysical properties of PTPAPI were studiedising
ultraviolet-visible (UV-vis) and photoluminescence (PL) spectrometers. réhalts
are shown in Fig. 3 and summarized in Table 1. Aemm in the absorption, the
different absorptive profiles are found, the compbum-PTPAPI appears only one
strong peak in chloroform and film at ~310 nm arghaulder at ~350 nm. While the
corresponding p-PTPAPI appears two absorption pedks305 and ~370 nm.
Obviously, the absorption at ~370 nm is ascribeith¢olCT transition, and the peak at
~305 nm is from the triphenylamine-centered*rtransition™® By comparison with
the absorption of them, the charge transfer absorjpiand from the electron donor to
the electron-withdrawing imidazole in m-PTPAPI isuch lower than that of
p-PTPAPI, indicating thenetaconfiguration will be benefit to prevent or redute
charge transfer from D to A units. From the filmsehabsorptions, both of the band
gaps Eg) of PTPAPI are determined to be 3.15 eV for m-PPPPAnd 2.92 eV for
p-PTPAPI, respectively. As shown in photoluminesc@?lL) spectra, m-PTPAPI
exhibits a narrow emission around 410 nm with a AWHKfull width at half
maximum) of 51 nm, while p-PTPAPI shows a relafyvedd-shifted emission at 446
nm with a FWHM of 65 nm. Therefore, the film flugoent emissions of both
compounds are located in the short-wavelength sgeeigion of the whole visible
light spectrum. Their ICT characteristics are stddby increasing the polarity of
solvents, the gradually red-shifted and broadehextdscent emissions are found as

shown in Fig. 4, which shows a large increase efdipole moment from the ground



state to the excited stdtd. By calculating with the LippetMatag&® theory, the
value is 34.5 D for p-PTPAPI and 17.6 D for m-PTRAFhe value of p-PTPAPI is
larger than that of m-PTPAPI, further reflectingge tfCT process in p-PTPAPI is
stronger than that of m-PTPAPI.

Theoretical Calculation. To gain insight into the electronic structures die t
compounds, a DFT calculation was performed at tBEYR/6-31G (d) level. As is
shown in Fig. 5, the HOMO level of m-PTPAPI maiplgpulate on the TPA moiety
and on the linkers, while the corresponding p-PTP#RInly locate on the TPA and
imidazole moieties. Obviously, by changing the moafe connection, a large
difference of electronic density is found. In comgan of the compound of
m-PTPAPI, the TPA moiety contributes less to the MHID energy in p-PATPA.
According to DFT simulation results, m-PTPAPI seansbipolar with the separated
HOMO and LUMO on donor and acceptor, respectivaipile the HOMO of
p-PTPAPI partially extended to imidazole group. $lwe bathochromic shift of
p-PTPAPI's emission should be attributed to cortjogaextension of its para-linked
diphenylene. The calculated HOMO level is 4.88 ewrh-PTPAPI and 4.89 eV for
p-PTPAPI, suggesting that the change at the modeonhection does not have
significant effect on the HOMO energy of the compdst The LUMO levels mostly
populate on the phenanthrene and the linkers bettheedonor and the acceptor. It is
noted that both of LUMO and HOMO show a little depping; on one hand it would
contribute for the balanced charge transfer asthigter in OLED, but on the other

hand it could facilitate the charge transfer precepon excitation, which was also



confirmed by the solvatochromic phenomenon obseivéie solvent with a different
polarity?!

Electroluminescence (EL) properties. To investigate the EL performance of PTPAPI,
non-doped fluorescent OLEDs were fabricated wittbafiguration of ITO/HATCN
(5 nm)/INPB (x nm)/TCTA (5 nm)/PTPAPI (y nm)/TPBi ¢@n)/LiF (1 nm)/Al (90
nm). In order to fully exhibit their EL performanaes emitters, we regulated the
thickness of NPB, PTPAPI and TPBi. In these devigeium tin oxide (ITO) is used
as the anode, hexaazatriphenylenehexacabonitild i) used as the hole injection
layer, N,N’-di-1-naphthyl-N,N’-diphenylbenzidine fB) as hole- transporting layer,
4,4 .47~ tri(N-carbazolyl)-triphenylamine (TCTA) s electron- blocking layer,
1,3,5-tri(phenyl-2-benzimidazolyl)benzene (TPBIi) &ectron- transporting and
hole-blocking layer, and LiF used as the electrgacdting layer. Some of important
performance parameters of these OLEDs are sumrmdariZiable 2.

By comparing to the performance of these devidesam be seen that the device
with the structure of ITO/HATCN (5 nm)/NPB (40 nm@TA (5 nm)/PATPA (20
nm)/TPBi (40 nm)/LiF (1 nm)/Al (100 nm) gives thedi performance in terms of
luminescentc), power ), and external quantumd] efficiencies. In particular, the
efficiencies fc, #p, 7e) based on p-PATPA of respectively 3.73 cd/A, 3ImAV, and
3.71% were obtained. The device also has a lowtvadage (defined as the voltage
required to obtain a luminance of 1 cdjmof 3.2 V and low operating voltages (4.2

and 5.7 V, respectively, to give a luminance of 1&@d 1000 cd/A). All of

p-PTPAPI-based devices exhibit the steady deep étoission of CIE coordinates



(0.15, 0.15) (peaked at 450 nm). While the corredpm m-PTPAPI-based devices
show the similar trend except that the emissionaket-blue with the CIE coordinates
(0.15, 0.05) (peaked at 408 nm).

The EL spectra of the devices with the best peréorre at different driving
voltages were shown in Fig. 6, the present EL speere identical to the
corresponding PL spectra of their neat films anowslittle change under different
driving voltages, implying a good confinement otians in the emission layers. It
can be attributed to the wide band gaps of thecadjalT CTA (3.4 eV) and TPBi (3.5
eV). The current density— voltage-luminescen&®/{L) and brightness-efficiencies
relationships by using them as emitters are showrkig. 7. From the current
density-voltage—-luminescencé-Y-L) plots, it can be seen that the PTPAPI-devices
exhibit low turn-on voltages of 3.2 V, as well asich higher current densities under
the same voltage as compared to the m-PTPAPI devideese might be owing to the
better charge-transporting ability of p-PTPAPI. Hmer, the m-PTPAPI-based
device exhibits relatively lower efficiencies withaximum EQE of 2.39%, CE of
0.78 cd/A, and PE of 0.72 Im/W, while the devicesdwh on p-PTPAPI presents
impressive EL performance with high maximum EQE, @&d PE of 3.71%, 3.73
cd/A and 3.47 Im/W, respectively. Notably, the Cid&PE in this work based on
m-PATPA show the CIE y < 0.05 (Table 2), which iglet-blue emission.
Meanwhile, even at the practical luminescence 60160/nf, the EQE and CE of the
m-PTPAPI device still remain high as 2.1% and @8, indicative of a relatively

low efficiency roll-off. It is noteworthy that inteal quantum efficiency (IQE) of the



device based on p-PTPAPI and m-PTPAPI reaches 2%iiéo 25.9 % by the
Monkman'’s theor§, which exceed the limit of traditional fluoresc@itEDs. It can
be attributed to mechanism of hybridized local ahdrge-transfer (HLCT), which
has been demostrated by Ma and coworkdrs.

In order to effectively elaborate the ICT process,developed a model as shown
in Fig. 8. As far as the compound of p-PTPAPI wascerned, the linear connection
would be benefit to the charge transfer betweerstioeng D (TPA) and A (imidazole)
units. In the meantime, another ICT process with ghme connection also may be
existed from phenanthrene to imidazole sectors.gbuel carries transfer and balance
would be achieved based the compound of p-PTPA® iz device will show good
performance, which has been demonstrated. Howtheistrong the ICT will induce
the red-shift emission, which will not be good fitesign materials with violet-blue
emission> While the corresponding m-PTPAPI, the nonlineannetion between
D and A units, the strong ICT will be effectivelyeduced, especially from
phenanthrene to imidazole sectors. Therefore, tesept emission will be shifted to
violet. Meanwhile, the same constructing grouphwHPTPAPI, it can guarantee the
good abilities of carries transfer and balance.

Conclusions

In conclusion, a couple of highly efficient deeptbdl to violet-blue emitters,
p-PATPA and m-PATPA, have been demonstrated bydoiring Ds-A structure
strategy to manage effectively th&@T processes. Their physical properties (P4,

&, etc) were found to be good candidates for devibemdoped devices based on
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them exhibit deep-blue light emissions with CIE mboates of (0.15, 0.11) for
p-PTPAPI and (0.16, 0.05) for m-PTPAPI at 100 ciimspectively. Interestingly, by
introducing strong D and A in the compound of m-RIPP, we also achieved
violet-blue emission by regulating the connectingdeto manage its ICT process. Its
electroluminescence device shows good performaitbeBQE, CE, and PE of 2.39%,
0.78 cd/A, and 0.72 Im/W, respectively. Furthermatthe high luminescence of
1000 cd/m, the EQE and CE of the m-PATPA device still remfaigh as 2.1% and
0.69 cd/A, indicative of a relatively low efficiepcroll-off. Our results here
successfully provide an efficient design strategtghwtrong D and A for violet-blue
emitters.

Experimental section

General Procedures. 'H NMR and**C NMR spectra were determined in CR@iith

a Bruker DRX 400 MHz spectrometer. Chemical shifis were given relative to
tetramethylsilane (TMS). The coupling constanis Were reported in Hz. ESI-Ms
spectra were performed with a FINNIGAN Trace DSQssgpectrometer at 70 eV.
Elemental analyses were recorded with a Perkin-ER4€0 analyzer. Fluorescence
emission spectra and decay curves of these samplesmeasured with a FLSP920
spectrophotometer. The film photoluminescence quantield was measured by the
integrating sphere method. The absorption was decbon a Hitachi U-3010 UWis
spectrophotometer. The electrochemical propertfeh@m were studied by cyclic
voltammetry with a CHIG00A analyzer. All startingaterials were purchased from

TCl and J&K Chemical companies. The reagents were obtaingd &mopharm
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chemical reagent Co. Ltd. and used without furimenification. Experiment course
was monitored by TLC. Column chromatography wasiedrout on silica gel
(200-300 mesh).

Synthesis of 5-bromo-4'-(diphenylamino)-[1,1'-bipylg 3-carbaldehyde (2)4-(di-
phenylamino)phenyl)boronic acid (1.445 g, 5.0 mmd@&)5-dibromobenzaldehyde
(2.641 g, 10 mmol) and Pd(P£h(50 mg, 0.10 mmol) were suspended in toluene (25
mL) and 10 mL 2M KCOs. The reaction was stirred at 185 for 8 h and cooled to
room temperature. The mixture solution was addednRObrine and then extracted
with CH,Cl, (40 mL), washed with water (2 x 20 mL), dried (M@¥ and evaporated
to dryness. After drying under vacuum, then, it vpasified by dichloromethane/
petroleum ether (1:3) as an eluent to afford lyggitow solid, Yield: 1.168 g, 54.6%.
FTIR (KBr, Cm'l): 3095, 3068, 2942, 2918, 2894, 2866, 1698, 14906, 14009,
1392, 744;*H NMR(CDCh, 400 MHz, ppm):10.02 (s, 1H), 7.97 (t, 3H = 14.8
Hz), 7.48 (d, 2HJ=8.66 Hz), 7.32 (t, 4H]=7.42 Hz), 7.18 (d, 6H]=8.67 Hz), 7.10 (t,
2H, J=7.42 Hz); EI-MS (m/z): 430.3 (MH), 428.1 (M+H); Anal. Calcd for
CasH1gBrNO: C, 70.10; H, 4.24; N, 3.27; Found: C, 70.824.18; N, 3.32.

Synthesis of 4'-(diphenylamino)-5-(phenanthren)gyll'-biphenyl]-3-carbaldehyde
(3) 5-bromo-4'-(diphenylamino)-[1,1'-biphenyl]-3-calibehyde (1.071 g, 2.5 mmol),
phenanthren-9-ylboronic acid (0.666 g, 3 mmol) &idPPhk), (25 mg, 0.05 mmol)
were suspended in toluene (20 mL), 5 mL ethanolsamd. 2M K,CO;. The reaction
was stirred at 108C for 12 h and cooled to room temperature. The uméxsolution

was added 10 mL brine and then extracted with@}(20 mL), washed with water
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(2 x 10 mL), dried (MgSg) and evaporated to dryness. After drying undeuvag
then, it was purified by dichloromethane/ petroleetiner (1:1) as an eluent to afford
light yellow solid, Yield: 1.084 g, 82.6%. FTIR (KBcm): 3098, 3083, 3068, 2933,
2908, 2877, 2833, 1689, 1501, 1403, 1392, 1322, lZ-IBENMR(CDC[g, 400 MHz,
ppm)§:10.19 (s, 1H), 8.84 (d, 1H=7.99 Hz), 8.78 (d, 1HJ=8.17 Hz), 8.22 (s, 1H),
8.04 (d, 2H,J=15.25 Hz), 7.94 (d, 2HI=8.29 Hz), 7.78 (s, 1H), 7.73 (t, 2B8.30
Hz), 7.67 (t, 1HJ=7.32 Hz), 7.61 (t, 3H]=8.43 Hz), 7.31 (t. 4H)=7.92 Hz), 7.19 (t,
6H, J=7.42 Hz), 7.09 (t, 2HJ=7.71 Hz); EI-MS (m/z): 525.3 (f); Anal. Calcd for
CsoH2fNO: C, 89.11; H, 5.18; N, 2.66; Found: C, 89.205H.9; N, 2.65.

Synthesis  of  4'-(1-(4-bromophenyl)-1H-phenantht)9d]imidazol-2-yl)-N,N-
diphenyl-[1,1'- biphenyl]-4-amine (5A mixture of 4-bromoaniline (4.310 g, 25
mmol), phenanthrene-9,10-dione (1.041 g, 5 mmol}(dihenylamino)-[1,1'-
biphenyl]-4-carbaldehyde (1.047 g, 4 mmol), ammonacetate (1.694 g, 22 mmol),
and acetic acid (40 mL) was heated for 12 h undgoraat 125C. After cooled and
filtered, the residue was purified by column chrémgeaphy with dichloromethane/
petroleum ether (1:1) to obtain a white powder.l&;id.426 g, 51.5%; FTIR (KBr,
Cm'l): 3023, 3015, 2912, 2898, 1608, 1501, 1459, 14387, 733 H NMR(CDCl,
400 MHz, ppm)3:8.91 (d, 1H,J=8.06 Hz), 8.80 (d, 1HJ)=8.23 Hz), 8.72 (d, 1H,
J=8.75 Hz), 7.76 (d, 3H]=7.89 Hz), 7.68 (t, 1H]}=7.53 Hz), 7.61 (d, 2H]=7.59 Hz),
7.55 (d, 3H,J=8.16 Hz), 7.50 (d, 2H]=8.25 Hz), 7.43 (d, 2H]=7.84 Hz), 7.36-7.24
(m, 6H), 7.15 (d, 6HJ=7.43 Hz), 7.07 (t, 2H]=7.02 Hz); EI-MS (m/z): 691.3, 693.2

(M™"); Anal. Calcd for GsHsoBrN: C, 78.03; H, 4.37; N, 6.07; Found: C, 78.11; H
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4.41; N, 6.09.

Synthesis of 3'-(phenanthren-9-yl)-N,N-diphenyi5phenyl-1H-phenanthro [9,10-d]
imidazol-2-yl)-[1,1'-biphenyl]-4-amine (M-PTPAPA mixture of aniline (2.165 g,
12.5 mmol), phenanthrene-9,10-dione (0.521 g, 2rbBoly 4'-(diphenylamino)-5-
(phenanthren-9-yl)-[1,1'-biphenyl]-3-carbaldehyde061 g, 2 mmol), ammonium
acetate (0.847 g, 11 mmol), and acetic acid (20 wdg heated for 12 h under argon
at 125 °C. After cooled and filtered, the residue was pedif by column
chromatography with dichloromethane/ petroleum retf®21) to obtain a white
powder. Yield, 1.191 g, 75.5%; FTIR (KBr, C1I)”I 3043, 3032, 2893, 2881, 1601,
1531, 1488, 1392, 742H NMR (400MHz, CDC)): 6 8.91 (d, 1HJ=7.91 Hz), 8.87
(d, 2H,J=7.92 Hz), 8.74-8.70 (m, 2H), 7.99 (s, 1H), 7.881H, J=7.90 Hz), 7.80 (d,
1H, J=8.79 Hz), 7.77-7.61 (m, 12H), 7.54-7.50 (m, 3HY¥31d, 2H,J=8.79 Hz),
7.30-7.24 (m, 6H), 7.16-7.12 (m, 6H), 7.05 (t, 2H7.91 Hz);**C NMR (100MHz,
CDCl): 6 147.6, 141.2, 140.6, 138.1, 134.0, 131.5, 13®0,4l, 130.4, 130.1, 129.4,
129.3, 128.7, 127.9, 127.7, 126.8, 127.7, 126.5,312124.5, 124.2, 123.7, 123.1,
122.9, 122.5, 120.9; EI-MS (m/z): 789.2 0MAnal. Calcd for GoHsoN3: C, 89.70; H,
4.98; N, 5.32; Found: C, 89.74; H, 4.77; N, 5.49.

Synthesis of 4'-(1-(4- (phenanthren-9-yl)phenylHdhie¢nanthro[9,10-d]imidazol-2-
yl)-N,N-diphenyl-[1,1'-biphenyl]-4-amine (p-PTPAPphenanthren-9-ylboronic acid
(0.555 g, 2.5 mmol), 4'-(1-(4-bromophenyl)-1H-phethao[9,10-d]imidazol-2-yl)-
N,N-diphenyl-[1,1'- biphenyl]-4-amine (1.384 g, 2mal) and Pd(PPJu (20 mg, 0.04

mmol) were suspended in toluene (20 mL), 4 mL aethand 8 mL 2M KCOs;. The
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reaction was stirred at 108 for 12 h and cooled to room temperature. The uméxt
solution was added 15 mL brine and then extractgd @H,Cl, (30 mL), washed
with water (2 x 15 mL), dried (MgS{pand evaporated to dryness. After drying under
vacuum, then, it was purified by dichloromethaneitgleum ether (3:1) as an eluent
to afford white solid, Yield: 1.327 g, 82.4%. FT(RBr, cm): 3053, 3041, 2956,
2911, 1597, 1499, 1422, 1392, 728;NMR (400MHz, CDCY): 6 8.98 (br, 1H), 8.83
(t, 2H,J=7.27 Hz), 8.76 (t, 2H]=9.29 Hz), 8.80-7.95 (m, 2H), 7.88 (s, 1H), 7.8367.
(m, 15H), 7.52 (d, 2HJ=8.57 Hz), 7.48 (d, 1H]}=8.00Hz), 7.41 (d, 1HJ=6.86 Hz),
7.30-7.25 (m, 4H), 7.14 (d, 6H=6.29 Hz), 7.05 (t, 2H,J=6.86 Hz);°C NMR
(100MHz, CDCI3):6 147.8, 147.5, 123.0, 121.3, 130.6, 130.2, 12928.11, 128.8,
128.5, 128.1, 127.7, 127.2, 126.8, 126.5, 126.4,612124.3, 123.6, 123.3, 122.7,
121.0; EI-MS (m/z): 789.1 (f); Anal. Calcd for GHsgNs: C, 89.70; H, 4.98:; N, 5.32;
Found: C, 89.48; H, 5.01; N, 5.51.

Computational Detail§he geometric and electronic structure of them veptenized
by Density functional theory (DFT) level of theomyith the three-parameter
Becke-style hybrid functional (B3LYP). The HOMO ahtdMO energy levels are
predicated by 6-31G (d,p) basis set. All of caltales about the molecule have been
performed on the huge computer origin 2000 serestre using the Gaussian 03
program packagelhe compositions of molecular orbits were analyssthg the
GaussView 3.0 program.

Devices fabricationBefore fabrication of the OLED devices, both of RPP are

purified by sublimation. The ITO-coated glass stdist was first immersed
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sequentially in ultrasonic baths of acetone, alt@mal deionized water for 10 min,
respectively, and then dried in an oven. The rasc of a sheet ITO is 10-1%no.
The devices were fabricated in a multi-source drgarolecule gas deposition system.
Different organic materials were deposited on tA@®-toated glass substrate
according to the designed structure. LiF bufferetagnd Al were deposited as a
co-cathode under a pressure of 5%28. Electroluminescent spectra and commission
international De L Eclairage(CIE) coordination thiese devices were measured by a
PR655 spectra scan spectrometer. The luminescighitrioess I()-current ()-voltage
(V) characteristics were recorded simultaneously i measurement of the EL
spectra by combining the spectrometer through séhKemodel 2400 programmable
voltage-current source. The layer thicknesses & deposited materials were
monitored in situ using a model FTM-V oscillatingagtz thickness monitor made in
Shanghai, China. All the measurements were caoigdat room temperature under
ambient conditions.
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Table Captions

Table 1. Physical data of p-PTPAPI and m-PTPAPI.

Table 2. Electroluminescent characteristics of the devices with the structure of
ITO/HATCN (5 nm)/NPB (x nm)/TCTA (5 nm)/emitters (y nm)/TPBi (z nm)/LiF (1

nm)/Al (90 nm).

Tablel
Compounds Ty Abs PL (0] HOMO(eV) LUMO(eV) energy gap(eV)
(°C) (nm) (nm) (%) (electro/calculated)  (electro/calculated)  (electro/calcul ated)
p- PTPAPI 478 305370 446 503 -5.3/-4.88 -2.57/-2.42 2.73/2.46

m- PTPAPI 475 310 410 36.9 -5.3/-4.97 -2.4/-2.11 2.9/2.86




Table?2

emitter thickness CIE Loex  7c  7p Ne Devices @100 cd m™ Devices @1000 cd m
X,y,z, (nm) (x,y) cd/m® cdA 1MW (%) ndCd/A) 7o (IMW) 76 (%) ne(cd/A) 7o (IMW) 776 (%)
30,30,40 (0.16,0.15) 11936 314 229 312 3.07 2.14 3.06 3.12 2.13 2.99
p-PTPAPI 60,20,50 (0.16,0.15) 9076 2.87 149 289 2.66 1.40 2.65 2.87 1.19 2.62
40,20,40 (0.15,0.15) 10574 373 347 371 3.46 2.59 3.45 3.25 1.80 3.23
30,30,40 (0.16,0.05) 2425 0.65 034 1.99 0.61 0.30 1.93 0.64 0.24 1.68
m-PTPAPI 60,20,50 (0.16,0.05) 2471 0.64 024 196 0.59 0.24 191 0.64 0.20 1.72
40,20,40 (0.15,0.05) 3126 0.78 0.72 239 0.78 0.51 2.37 0.69 0.28 2.10




Figure Captions

Fig. 1. TGA curves of p- PTPAPI and m- PTPAPI

Fig. 2. Cyclic voltammograms curves of p- PTPARI am PTPAPI.

Fig. 3. Normalized UV absorption and photoluminesespectra of p- PTPAPI and
m- PTPAPI in film

Fig. 4. Fluorescence spectra of TPABBI and TPABBBIarious polarity solvents;
and solvent polarityf] dependence of the fluorescence maxima of p- PTRHASert
Fig. a) and m-PTPAPI (insert Fig. b)

Fig. 5. Spatial distributions of HOMO and LUMO o PAPI and m- PTPAPI
Fig. 6. The electroluminescent (EL) spectra of (i?RPI (a) and m-PTPAPI (b) with
different current densities

Fig. 7. The EL performance of p-PTPAPI and m-PTRA®) current density-
voltage-luminance (J-V-L); (b) brightness-luminegcafficiencies curves; (c)

brightness-power efficiencies curves; (d) brighgaesternal quantum efficiencies

curves.
Fig. 8. The diagram of ICT process in the molecoles-PTPAPI and m-PTPAPI

Scheme Captions

Scheme 1. The synthetic routes of p-PTPAPI and TRAPI
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Resear ch highlights

» Novel phenanthrene isomers were synthesized and characterized. » Management
of their intramolecular charge transfer (ICT) processes for violet-blue emitters » The
results were found to be good candidates as emitters for organic light emitting diodes
(OLEDs) » The devices exhibit violet-blue light emissions with CIE coordinates of
0.16, 0.05) for m-PATPA at 100 cd/m?, respectively. » The results provide an
efficient design strategy with strong donor (D) and acceptor (A) for violet-blue

emitters.



