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a b s t r a c t

A phosphine oxide (PO) host containing planar xanthene (XantPO) was chosen to investigate the
influence of the structure of chromophores on the properties of the host. Owing to the multi-insulating
linkages, the planar structure of XantPO also realizes high first triplet excited level (T1) of 2.92 eV, and
supports excellent morphological and thermal stability with the high temperature of glass transition (Tg,
135 �C) and temperature of decomposition (Td, 369 �C). On the basis of theoretical simulation and
electrochemical analysis and bright and efficient green and blue phosphorescent organic light-emitting
diodes (PHOLEDs) of XantPO, it indicated that the configuration of chromophores in hosts can
remarkably influence the device performance even if their optical properties were very approximate.

� 2012 Elsevier Ltd. All rights reserved.
1. Introduction

In recent decades, phosphorescent organic light-emitting
diodes (PHOLEDs) have attracted considerable attention owing to
their nearly 100% internal quantum efficiency through harvesting
both singlet and triplet excitons [1e5]. Due to the long lifetime of
triplet excitons, phosphorescent materials generally exhibit serious
tripletetriplet annihilation and triplet-polaron annihilation under
electrical field [6,7]. To solve this problem, the phosphors are often
dispersed in organic host matrixes. For the time being, the perfor-
mance of green and red PHOLEDs based on doping/blending
systems has approached to commercial requirements [8e14].
However, outstanding blue electrophosphorescent devices remains
a greatly challenge due to the lack of appropriate host materials. In
general, an ideal host should possess the characteristics as: (i) its
first triplet excited level (T1) must be higher than that of the
dopants to prevent the reverse energy transfer from guest to host
and reduce the non-radiative losses; (ii) it should have good carrier
injecting/transporting properties to reduce the driving voltage and
fax: þ86 451 86608042.
i@jlu.edu.cn (Y. Zhao).
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the efficiency roll-off; (iii) it should have excellent morphological,
thermal and chemical stabilities to benefit the devices fabrication
and improve the device lifetime. Therefore, a critical challenge in
this field is to design and synthesis of efficient hosts which possess
both high T1 and excellent electrical properties. Unfortunately,
these two factors are actually interrelated contradictories. It is
believed that high triplet excited level requires the limited degree
of molecular conjugation. But then, the wider and longer overlaps
of p/p electron clouds profit the intra- and inter-molecular carrier
injecting and transporting. How to solve this contradiction remains
urgent and challenging. We always believe that figuring out the
relationship between the molecular structures and the properties
of the hosts can give valuable suggestions for this question.

With the aim to achieve efficient hosts with high T1, some
important strategies of structure design, such as meso, twisted and
insulating linkage, are brought up for carbazole [6,8,12,13,15e27]
and/or silane-based host materials [28,29]. However, the unipolar
characteristics of carbazole and the electric inertia of saturated C
and Si atoms result in the high driving voltages of their devices.
Although some more complicated hosts based on carbazole and
silane hybrid [30e33] were designed with the combination of
advantages of good hole-transporting abilities and high T1, the
driving voltages of their devices remained above 5 V. In recent
years, hosts based on phosphine oxide (PO) aroused great interest
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since their prominent advantages as (i) the phosphine oxide (PO)
moieties link the aromatic groups through saturated CeP bond,
which blocks the conjugation extension and preserves their high
triplet energy; (ii) it has been proved that PO moieties could
effectively polarize molecules and enhance their electron injecting/
transporting ability. That means that phosphine oxide-based host
molecules could have both high T1 and good carrier injecting/
transporting ability. Many phosphine oxide host materials based on
carbazole [34e40], fluorene [41e44], dibenzofuran [45e48] and
spirofluorene [49,50] with high T1 (approach to 3.0 eV) are ach-
ieved. The relationship between the molecular structures and the
properties and EL performance are also investigated. Nevertheless,
most of the studies are focused on the influences of the position
and number of the substituents on the properties of the hosts. Our
group reported several effective strategies of PO hosts involving
short-axis, indirect or multi-insulating linkage [43,46,47,51,52]. The
corresponding model hosts endowed their blue/white PHOLEDs
with low operating voltage and excellent efficiency stability. It was
showed that the substituting position and linkage mode can indeed
tune the carrier injecting/transporting properties and the excited
energy levels. Then, how the configurations of the chromophores
influence the properties and performance of the hosts becomes an
interesting question. It is known that the planar structure is
superior in carrier injecting/transporting due to the more feasible
inter-molecular stacking or overlap. Recently, we reported a simple
PO host named bis(2-(diphenylphosphino)phenyl) ether oxides
(DPEPO), whose structure is six individual phenyls linked through
one oxygen atom and two P]O moieties, namely multi-insulating
linkage [52]. Its structure is flexible since the system is formed
through rotatable s bonds, which seems inferior in carrier inject-
ing/transporting. However, whether this can be an important
constraint having remarkable effect on the device performance is
still unclear.

In this paper, we chose another phosphine oxide host based on
xanthene, 9,9-dimethyl-4,6-bis(diphenylphosphoryl)xanthene
(XantPO, Scheme 1), which is formed by substitution of 9,9-
Dimethylxanthene with two diphenyl phosphine oxide (DPPO)
moieties. The six phenyls are also segregation by three kinds of
insulating linkages. The intrinsic difference between XantPO and
DPEPO is the former has a planar multi-insulating structure.
Therefore, their optical properties may be similar. However, the
planar structure can endow XantPO with improved thermal
stability and the elevated highest occupied molecular orbital
(HOMO). The bright and efficient green and blue electro-
phosphorescence based on XantPO was realized. The differences
between the device performance of XantPO and DPEPO were also
discussed in detail. It indicated that the configurations of chro-
mophores can also influence the carrier injecting/transporting and
consequently the voltageecurrent characteristics and efficiencies,
which should also be taken into consideration when choosing
chromophore moieties in PO hosts.
Scheme 1. Synthetic pro
2. Experimental section

2.1. Materials and instruments

All the reagents and solvents used for the synthesis of the title
compound were purchased from Aldrich and Acros companies and
used without further purification.

1H NMR spectra were recorded using a Varian Mercury plus
400NB spectrometer relative to tetramethylsilane (TMS) as internal
standard. Absorption and PL emission spectra of the target
compound were measured using an SHIMADZU UV-3150 spectro-
photometer and an SHIMADZU RF-5301PC spectrophotometer,
respectively. Thermogravimetric analysis (TGA) and differential
scanning calorimetry (DSC) were performed on Shimadzu DSC-60A
and DTG-60A thermal analyzers under nitrogen atmosphere at
a heating rate of 10 �C min�1. Phosphorescence spectra were
measured in dichloromethane using an Edinburgh FPLS 920 fluo-
rescence spectrophotometer at 77 K cooling by liquid nitrogen.

2.2. Synthesis

9,9-Dimethyl-4,6-bis(diphenylphosphoryl)xanthene (XantPO): At
room temperature 4.36 ml of n-butyllithium (2.4 M in n-hexane,
10.47 mmol) was added dropwise to a stirred solution of 1.00 g of
9,9-dimethylxanthene (4.76 mmol) and 1.65 ml of N,N,N0,N0-tetra-
methylethenyldiamine (TMEDA) (10.47 mmol) in 50 ml of dry THF.
After all n-butyllithiumwas added, the reactionmixturewas stirred
for 16 h. Then a solution of 2.06 ml of chlorodiphenylphosphine
(10.47 mmol) in 10 ml of THF was added dropwise, and the reaction
mixture was stirred for another 16 h. The reactionwas quenched by
10 ml of water, and extracted by dichloromethane (3 � 30 ml). The
organic layer was dried with anhydrous Na2SO4. The solvent was
removed in vacuo. The residue was dissolved by 50 ml of
dichloromethane. Then 3 ml of hydrogen peroxide (30%) was
added, and the reaction mixture was stirred for 4 h. The mixture
was washed with aqueous NaHSO3 saturated solution and water
successively. The organic layer was separated and dried with
anhydrous Na2SO4. The solvent was removed in vacuo. The residue
was purified through flash column chromatograph. Yield: 2.33 g of
white powder (80%). 1H NMR (400 MHz, CDCl3, TMS): d ¼ 7.599 (d,
J ¼ 7.6 Hz, 2 H), 7.486e7.370 ppm (m, 12 H), 7.358e7.261 ppm (m,
8 H), 6.981 (d, J ¼ 7.6 Hz, 2 H), 6.780 (q, J ¼ 7.4 Hz, 14.6 Hz, 2 H),
1.694 (s, 6 H). ESI-MS (m/z, %): 610 (Mþ, 100); elemental analysis
(%): for calculated C 76.71, H 5.28, O 7.86; found C 76.78, H 5.33, O
7.94.

2.3. Theoretical calculation

Computations on the electronic ground-state of the compounds
were performed using Becke’s three-parameter density functional
in combination with the nonlocal correlation functional of Lee,
cedure for XantPO.



Fig. 1. TGA and DSC curves of XantPO.
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Yang, and Parr (B3LYP). 6-31G(d) basis sets were employed. The
ground-state geometries were fully optimized at the B3LYP level.
All computations were performed using the Gaussian 03 package.

2.4. Device fabrication

Prior to the device fabrication, the patterned ITO-coated glass
substrates were scrubbed and sonicated consecutively with
acetone, ethanol, and de-ionized water, respectively. All the organic
layers were thermally deposited in vacuum (w4.0 � 10�4 Pa) at
a rate of 1e2 Å/s monitored in situ with the quartz oscillator. In
order to reduce the ohmic loss, a heavily p-doped layer with MoOx,
considering the low doping efficiency in amorphous organic matrix
with transition-metal-oxide-based acceptors, was directly depos-
ited onto the ITO substrate for each sample. After the deposition of
LiF, the samples were transferred to metal chamber, and suffered
from a vacuum break due to the change of the shadow masks to
determine the active area. The current-voltage luminance charac-
teristics were measured with a PR650 spectrascan spectrometer
and a Keithley 2400 programmable voltageecurrent source. All the
samples were measured directly after fabrication without encap-
sulation in ambient atmosphere at room temperature.

3. Results and discussion

3.1. Design and synthesis

With the aim to investigate the influence of the configurations
of chromophores on the properties of the corresponding PO hosts,
any other functional linkages or modifications should be avoided.
Since we chose DPEPO as the reference, the other PO host should
have the similar substituents and functional groups. Thus, the
planar structure of this PO compound should be formed without
any supererogatory modifications. In this sense, XantPO is suitable
since its planar structure is based on the linkage of biphenylether
through an isopropylene. As the results, in XantPO the six phenyls
are segregated through three insulating linkages as ether linkage,
saturated carbon linkage and PO linkage. These individual phenyls
are similar with those in DPEPO. The difference between XantPO
and DPEPO is their different chromophores (xanthene in the
former and diphenylether in the latter). Although xanthene is
planar, the conjugation between its two phenyls is absolutely
blocked by O atom and 9-saturated C atom. Therefore, the planar
configuration of XantPO does not increase its conjugated length
and area. This is the basis of our investigation. The DPPOmoieties in
XantPO were also substituted along the short-axis in order to
reserve the high triplet level and enhance the polarizability of P]O
bonds. The formation of planar structure may increase the molec-
ular rigidity, which have effect on improving the thermal and
morphological stability. Furthermore, the methyls on 9-C could
facilitate the evaporation ability of the molecule and increase the
inter-molecular hindrance to reduce themulti-particle annihilation
(MPA).

XantPO was conveniently prepared through a three-step
procedure of regioselective lithiation, phosphorization and oxida-
tion, with good total yield over 80% (Scheme 1). The structure
characterizationwas established on the basis of mass spectrometry,
NMR spectroscopy and elemental analysis.

3.2. Thermal properties

Differential scanning calorimetry (DSC) and thermogravimetric
analysis (TGA) were performed to investigate the thermal proper-
ties of XantPO (Fig. 1). The decomposition temperature (Td, corre-
sponding to 5% weight loss) of XantPO is as high as 386 �C, which is
increased for 64 �C compared with that of the DPEPO (322 �C) [52].
The remarkably improved Td of XantPO can be obviously ascribed
to the involvement of the planar and rigid xanthene. Significantly,
the glass transition temperature (Tg) of XantPO is very high as
135 �C, which is 70 �C higher than that of mCP and is outstanding
among the small molecular hosts. Furthermore, there is no endo-
thermal peak corresponding to melting point (Tm) observed before
XantPO decomposited. This implied either XantPO is reluctant to
crystallize due to the combined steric effect of DPPOs and methyls,
or Tm of XantPO should be more than 380 �C, which is at least
100 �C higher than that of DPEPO and can be attributed to the
enhanced p-p inter-molecular interaction owing to the planar
xanthene. Obviously, the planar structure of XantPO significantly
improves the thermal performance. Simultaneously, the short-axis
substitution of steric DPPO moieties further enhances the molec-
ular rigidity of XantPO, which restrains the structure adjustment of
the whole molecule and results in the high Tg. It indicated that the
planar structure is superior in thermal and morphological stability,
which can effectively suppress the potential Joule heat induced
phase separation during device operating. This is very beneficial to
achieve long device lifetime.
3.3. Optical properties

UV/vis and photoluminescent (PL) spectra of XantPO in dilute
CH2Cl2 solutions (1 � 10�6 mol L�1) and in film were measured to
investigate its optical properties (Fig. 2). In solution, XantPO has
three absorption bands at 287, 254 and 228 nm. The absorption
bands at 287 and 254 nm can be attributed to n / p* and p / p*
transitions of xanthene, respectively, while the band at 230 nm is
originated from p / p* transition of phenyls in DPPO moieties. It
means that xanthene acts as the antenna of energy absorption in
the molecule. Furthermore, in film, these three absorption bands
only shift red for 2e6 nm, which indicates the reduced inter-
molecular interaction and restrained aggregation owing to the
enhanced steric effect of methyls and DPPOmoieties. The emissions
of XantPO in dilute solution and film are very similar with the
peaks at 331 and 335 nm, respectively. This further demonstrated
its weak aggregation in solid state. Meanwhile, PL emission peak
of XantPO is ranged from 300 to 550 nm which is fully overlap
with the metal to ligand charge transfer (MLCT) absorption peaks
of the blue-emitting phosphor iridium(III)bis(4,6-(difluorophenyl)
pyridinato-N,C2)picolinate (FIrpic) and green-emitting phosphor



Fig. 2. UV/Vis and PL spectra of XantPO.
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iridium(III)bis(2-phenylpyridinato-C2,N)acetylacetonate (Ir(ppy)2
acac). The lifetime of XantPO is as long as 1.79 ns. Therefore, the
stable excited state can be expected, which is beneficial for energy
transfer from host to guest. To determine T1, the low temperature
emission spectrum of XantPO in CH2Cl2 glass was also measured at
77 K, in which the first peak at 350 nm is attributed to fluorescent
emission and the second peak at 424 nm is corresponding to the
0e0 transition of triplet emission. Therefore, T1 level of XantPO can
be estimated as 2.92 eV, which is higher than the common blue
dopant FIrpic and green dopant Ir(ppy)2acac. Therefore, its efficient
energy transfer to these phosphors can be expected. It is noticed
that the optical properties of XantPO and DPEPO are very similar,
including emission peaks (308 nm for DPEPO and 321 nm for
XantPO) and T1 levels (2.99 eV for DPEPO and 2.92 eV for XantPO).
This demonstrated that the multi-insulating linkage in XantPO
efficiently restrained the influence of planar structure on the
molecular electronic characteristics. Therefore, in the sense of
photophysical properties, DPEPO and XantPO should be very
Fig. 3. DFT calculation
approximate. Nevertheless, It is noticed that DPEPO has bigger
optical energy gap of 4.05 eV than that of XantPO (3.91 eV).
3.4. DFT calculation

Frontier molecular orbitals (FMOs) of XantPOwere investigated
to understand the physical properties of XantPO at molecular level
by the density functional theory (DFT) calculations (Fig. 3). The
simulation result of DPEPO was also presented for comparsion. As
shown in Fig. 3, the electron cloud distributions of HOMO and
LUMO of XantPO are mainly localized in the xanthene moiety. This
is diametrical to DPEPO, whose HOMO and LUMO are absolutely
separated and contributed by diphenylether and DPPOs respec-
tively. LUMOþ1 and LUMOþ2 of XantPOwere contributed by both
DPPOs and xanthene. The excessively centralized contributions of
the simplex moiety to FMOs may induce the unbalanced carrier
injecting/transporting, since one group commonly can not possess
bipolar characteristics. The calculated LUMOs of XantPO and
DPEPO are the same as �0.735 eV, while their calculated HOMOs
are �5.823 and �6.258 eV, respectively (Fig. 3). Therefore, HOMO-
LUMO energy gap (Eg) of XantPO is 5.088 eV, which is 0.435 eV
smaller than that of DPEPO. This is in accord with the difference
between their optical energy gaps (0.24 eV). It is noticed that the
planar structure of XantPO hasmore contribution in facilitating the
hole injecting.
3.5. Electrochemical properties

The redox behaviors of XantPO and DPEPO were investigated
by cyclic voltammetry (CV) at room temperature in CH2Cl2
measured against an Ag/AgCl (0.1 M) electrode (Fig. 4). Both of
these two compounds displayed irreversible one-electron oxida-
tion waves at 2.25 and 2.68 V, respectively. Their onset potentials
were 1.81 and 1.93 V, respectively. According to the equation
EHOMO ¼ ðEOxyonset þ 4:4 eVÞ, EHOMO of XantPO and DPEPO are
about�6.21 and�6.33 eV, respectively. It is obvious that the planar
results of XantPO.



Fig. 4. CV curves of XantPO and DPEPO.
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configuration of xanthene ring endows XantPO with higher HOMO
to provide stronger hole injecting ability, which are in accordance
with DFT calculation. Their LUMOs are �2.39 and �2.29 eV calcu-
lated by the optical energy gaps. The electrochemical analysis
Scheme 2. Molecular structures and en
indicated that the planar xanthene can facilitate carrier injecting in
XantPO compared with the flexible diphenylether in DPEPO.
3.6. EL properties

To investigate the performance of XantPO as hosts for green
electrophosphorescence, Device A and B were fabricated with the
configuration of ITO/MoOx (2 nm)/4,40,40’-tri(N-3-methylphenyl-N-
phenylamino)triphenylamine (m-MTDATA):MoOx (15wt.%, 30 nm)/
m-MTDATA (10nm)/Tris(phenylpyrazole)iridium(Ir(ppz)3) (10nm)/
Ir(ppy)2acac:XantPO (6%, x nm)/4,7-diphenyl-1,10-phenanthroline
(BPhen) (50-x nm)/LiF (1 nm)/Al (x ¼ 10 nm for A and 20 nm for B)
were fabricated (Scheme2),whereMoOx and LiF served as hole- and
electron injecting layers,m-MTDATA and BPhen served as hole- and
electron-transporting layers (HTL and ETL), Ir(ppz)3 was used as
hole-transporting and electron-blocking material, respectively. As
shown in Fig. 5, Device A and B had low turn-on voltages of 3.0 and
3.5 V. The practical luminance of 100 and 1000 cdm�2 was achieved
at the driving voltages of 3.5 and 4.1 V for A and 3.6 and 4.8 V for B,
respectively. The lower driving voltages may be attributed to the
reduced hole-injection barrier between hole-transporting layers
(HTLs) and emitting layers (EMLs). Along with increasing the
thickness of EML, the driving voltages also gradually increased,
which implied that the electron injecting/transporting ability of
XantPO is weaker than that of BPhen.
ergy level diagram of the devices.



Fig. 5. Luminace-Current densityevoltage curves of device A and B. Fig. 7. Luminaceecurrent densityevoltage curves of device C and D.
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The maximum current efficiencies (C.E.) of A and B were
22.2 cd A�1 and 22.1 cd A�1 achieved at the luminance of 143.8 and
329 cdm�2 (Fig. 6). At the luminance of 1000 cdm�2, C.E. of A and B
were remained as 19.0 cd A�1 and 21.2 cd A�1, respectively. The
corresponding efficiency roll-offs were 14.4% and 4.1%. The
maximum power efficiencies (P.E.) of A and Bwere achieved as 19.9
and 15.4 lm W�1 at the same luminance, and their P.E. were still
14.7 and 13.3 lm W�1 at the luminance of 1000 cd m�2. The cor-
responding roll-offs were 26.1% and 13.6%. Furthermore, their
maximum external quantum efficiencies (E.Q.E.) were the same as
6.2% (Fig. 6). The E.Q.E. roll-offs at 1000 cd m�2 were 14.5% and
4.8%, respectively. Therefore, Device A and B exhibited high and
stable efficiencies. Although Device A had the lower driving volt-
ages owing to its thinner EML and the consequential higher P.E., it is
noticed that Device B exhibited much stable efficiencies and its C.E.
and E.Q.E. at luminance more than 300 cd m�2 were even higher
than those of A. This is in accord with the common view that
a wider emission zone would increase the rate of radiative
recombination and suppress the concentration quenching.
Fig. 6. Efficiency curves of device A and B.
The blue-emitting PHOLEDs based on XantPO, Device C and D,
were fabricated with the same configurations except for the
different dopant of FIrpic with the concentration of 10% (Scheme 2).
The thickness of each layer of C andDwas similar with that of A and
B, respectively. Device C and D also had the low turn-on voltage of
3 V and 4 V (Fig. 7). The luminance about 1000 cdm�2 was achieved
at 5.0 V for C and 6.0 V for D, respectively. Fig. 8 showed the
efficiency-luminance curves of Device C and D, the maximum C.E.
and P.E. of C and D were 7.47 and 4.08 cd A�1, and 6.69 and
2.84 lmW�1, respectively, corresponding to the maximum E.Q.E. of
4.03 and 2.21%, respectively. These data were moderate and worse
than those of the best ambipolar and unipolar hosts reported
before, which are more than 10% for E.Q.E. [53e56]. It is also
noticeable that the performance of XantPO as host for blue elec-
trophosphorescence was much worse than that of DPEPO, espe-
cially for efficiencies, although Device C and D exhibited more
Fig. 8. Efficiency curves of device C and D.



Fig. 9. EL spectra of device A and B at the biggest luminance.

Table 1
EL properties of device A w D.

Device Driving
voltage (V)

Max. efficiencya Efficiency
roll-off (%)a

CIE (x, y)

A 3.0,b 3.4,c 4.1d 22.1,22.2, 6.2 4.0,14.4, 14d 0.314, 0.624
46.6,55.9, 56.2e

B 3.5,b 3.6,c 4.8d 15.4,19.9, 6.2 13.6,25.6, 4.2d 0.314, 0.620
65.1,73.0, 46.4e

C 3.0b, 4.1,c 5.0d 4.1, 7.5, 4.0 2.0, 1.6, 1.7c 0.314, 0.280
27.4, 32.8, 32.8d

D 4.0,b 4.7,c 6.0d 2.8, 6.7, 2.2 5.0,3.4, 1.8c 0.155, 0.278
45.8,50.2, 27.6d

a In the order of P.E. (lm/W), C.E. (cd/A) and EQE (%).
b Onset voltage.
c At 100 cd/m2.
d At 1,000 cd/m2.
e At 10,000 cd/m2.
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stable efficiencies with reduced roll-offs: at 100 cd m�2, 6.0% and
10.3% for P.E., 2.3% and 2.9% for C.E. and 2.7% and 3.6% for E.Q.E.,
respectively; at 1000 cd m�2, 50.7% and 48.3% for P.E., 35.6% and
28.9% for C.E. and 34.0% and 28.8% for E.Q.E., respectively. Since the
optical properties of DPEPO and XantPO are approximate, the
main reason might be the unbalanced carrier injecting/trans-
porting in XantPO compared with DPEPO. The planar structure of
XantPO may also worsen the non-radiative transitions. The lower
efficiencies of Device D can indicate the remarkable influence of
carrier injecting/transporting in EML on device efficiencies. The
small efficiency roll-offs of XantPO-based devices can be attributed
to its rigid structure and improved thermal and morphological
stability.

All of these four devices presented very stable EL spectra (Figs. 9
and 10). The intensities of the vibration bonds at long wavelengths
were limited due to the effective localization of emission zones in
EMLs, which improved the emission color purity as estimated by
their Commission Internationale deL’Eclairage (CIE) coordinates
shown in Table 1.

EL investigation indicated that only small variation of the
molecular structure can remarkably influence the device perfor-
mance even if the optical properties of the hosts were very
approximate. The carrier injecting/transporting properties can be
Fig. 10. EL spectra of device C and D at the biggest luminance.
also influenced by the chromophore configurations and seemed the
important restraints of the efficiencies. The casual changing of the
molecular configuration would induce the unbalanced carrier
injecting/transporting in EMLs and consequently reduce the
efficiencies.

4. Conclusion

In summary, we chose a PO host containing planar xanthene
(XantPO) on the basis of insulating linkages to investigate the
influence of the structure of chromophores on the properties of the
hosts through making comparison with its counterpart DPEPO.
Owing to the multi-insulating linkages, the planar structure of
XantPO does not influence its optical properties, which are nearly
the same with those of DPEPO. Nevertheless, the planar structure
endows XantPO with improved thermal and morphological
stability and the elevated HOMO. The former has effect on reducing
the efficiency roll-offs andmight increase the device stability, while
the latter would change the carrier injecting/transporting balance
in EMLs. As the results, the bright and efficient green and blue
PHOLEDs based on XantPO were demonstrated. The efficiency
stability of the blue-emitting devices of XantPO was improved,
although its maximum efficiencies were much less than those of
DPEPO. It was showed that the configuration of chromophores in
hosts can remarkably influence the device performance even if
their optical properties were very approximate. The carrier inject-
ing/transporting properties of the hosts seemed an important
restraint of the efficiencies. The casual changing of the molecular
energy levels and carrier mobility would induce the unbalanced
carrier injecting/transporting in EMLs and consequently reduce the
efficiencies. Therefore, more detailed tuning of the properties of the
hosts, including the variation of the number and the position of the
functional groups, should be essential for seeking for the efficient
hosts, which is ongoing in our lab.
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