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Highly efficient light-emitting polymers have become possible by molecular engineering.
PhotoluminescencéPL) quantum yield above 90% in the solid state is reported for the alternating
block copolymer of distyrylbenzene. We conclude that the alternate arrangement of conjugated and
nonconjugated segments with surrounding side groups for chromophores effectively confine the
excitons for radiative emission. The effectiveness of the exciton confinement is confirmed through
the temperature independence of the PL quantum yield. The time-resolved PL decay measurement
supports this model through the independence of the PL yield on temperature and emission
wavelength. The synthesized copolymers have been employed for the fabrication of
electroluminescentEL) devices, demonstrating high external EL efficiency with low operation
threshold. ©2000 American Institute of PhysidsS0003-695(00)03405-7

The commercial potential of polymer light-emitting- tution of side chains on both sides of each phenylene ring.
diodes(PLEDS9 has stimulated much work on the improve- By attaching methoxy side groups to different positions of
ment of polymer function$, optimization of device the benzene rings, the interchain interaction can be further
structure$™° and understanding of the photophysic&. reduced to enhance the exciton confinement, in which the
Polymers containing chromophores of phenylene vinyleneide groups act more or less similarly to a dilution effect for
(PV) are well-studied light-emitting polymers commonly PV chromophores. As a result, the highest PL efficiencies
used for the PLED fabricatiohnHowever, the relatively low achieved by us is 96%, one of the highest PL efficiencies
photoluminescencéPL) quantum efficiency~25%) of poly  ever reported for the solid state.

(p-phenylene vinylene(PPW)'° motivates further consider- While fluorescent oligomers usually show high PL effi-
ation of molecular engineering that can be used to improveiency in dilute solution, for example, 90% for 1-4-
the optical and electric properties as well as other propertiesiistyrylbenzene in the blue regidfthey generally have low
such as the processibility of the polymers. PL efficiency in the solid phase<10%). The factors affect-

One approach to attaining high PL efficiency and solu-ing the PL yield in the solid state are mainly intermolecular
bility is to design alternating rigid conjugated segments andoupling of emitting stategthrough formation of aggre-
flexible nonconjugated segments along the polymegates, the twisting of the molecular unit®onplanarity, and
backboné! The interruption of ther conjugation will effec-  migration of excitation energy to distortions and impurity
tively confine the exciton within the conjugated segmentstraps. By starting from the distyrylbenzene monomer which
while the inserted flexible segments can improve the solubilis an oligophenylenevinylen@ 1/2 PVj, efficient alternating
ity of the polymer. These ideas have been employed to guidelock copolymers were synthesized for blue light emission.
synthesis of PPV-related alternating block copolyntéfé, We have synthesized a series of green distyrylbenzene block
successfully demonstrating high performance of the eleceopolymersiGDBBCS by attaching methoxy side groups to
troluminescent (EL) and lasing devices based on the 2 1/2 PV. The attached methoxy side groups, not only red-
copolymers*~**The EL quantum efficiency of PPV-related shift the emission color to green, but also increase interchain
alternating block copolymer is much higher than the referdistance, thereby decreasing interactions in the solid state. In
ence PPV. this letter, we will mainly focus our attention on the deter-

To characterize further the effect of exciton confinementmination of the properties of the GDBBC, polyl,6-
in PPV-related alternating block copolymers, in this letter wehexanedioxy-2,6-dimethoxy-1,4-phenylgiig2-ethenylene-
report the measurement of absolute PL quantum efficiencigs$,6-dimethoxy-1,4-phenylemhel, 2-ethenylere3,5-dimeth-
and investigate the effectiveness of the exciton confinemerdxy-1,4-phenyleng in which each phenylene ring has two
of the design of the alternating block copolymer with substi-methoxy substituents. With this configuration, the conju-
gated segments in the main chain can be effectively shielded

dAuthor to whom correspondence should be addressed; electronic maif.rom interchain interactions.
epstein2@osu.edu The GDBBC forms a green powder, has an average mo-
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FIG. 1. Chemical structure of the GDBBC and optical absorption and PL
spectra of the GDBBC solid thin film. FIG. 2. Temperature dependence of integrated PL intensity of the GDBBC.
(Inseh Photoluminescence spectra of the GDBBC at different temperatures.

lecular weight M,,) of 1.5x10% (GPO, dispersity of 2.05,

and contains 40 chromophores in an average molecular 7;=X/Y, (1)
chain. It is easily dissolved in common solvents such as tolu- ) )
ene and chloroform and can be spin coated into thin films ofYNeeX=[lsampie~ (1= A)lspherd]/ Alex, @ndY is a calibra-
good quality using a concentration 10 mg/ml of sample poly-lion factor determined by system parameﬂvé?r‘dere!samp,els

mer solution. The PL and absorption spectra were measurd® PL intensity of the samplégphereis the intensity of the
using a PTI Quantamaster and a Perkin—Elmer Lambdéample_w'th n_ondlre_ct sampl_e |II_um|r_1at|oA,|s absorbance,
spectrometer, respectively. The PL quantum efficiency wa&nd!exis the intensity of excitation light. We measured the
measured using an integrating sphékewport 819-1S-4 quantum efficiencies for a series of GDBBC samples

the excitation light from a 100 W xenon lamp was detected  ,,— 90_969.

through a monochromator with a photodiod¢DT-UV100).

The surface reflection of the integrating sphere and the quan- Generally, there are a number of factors such as impuri-
tum efficiency of the photodiode were provided by the manudies, structural order, and temperature that may affect the PL
facturers. The Cyc"c V0|tamogram was recorded in 1 M hy-quantum efficiencies. To demonstrate the effectiveness of ex-
drochloride aqueous electrolyte using a Pt working electrodé&iton confinement in our samples, we measured the tempera-
and a saturated calmel electrode reference electrode. THgre dependence of the PL of the GDBBC from 77 to 300 K.
time-resolved PL was measured by the time correlated singlé/hen the temperature was decreased to 77 K, the vibrational
photon counting technique. The excitation light was from afeatures narrowed slightly, however, the integrated intensity
synchronously pumped dye las@tilbend at 3.02 eV(less  of the spectrum did not change significantly as compared
than 50 mW/crh on the samplewith ~5 ps pulse width. With that at room temperaturéig. 2). Thus the thermal
The instrument response function from this system-#0  deactivation of excitons is effectively limited, due to the al-
ps, providing access to lifetime components as short a8  ternating block design with surrounding side groups.

ps through curve ﬁtting methods. The Samp|es were mea- To Verify the effectiveness of exciton confinement, we
sured by a profilometeiAlpha-Step 50Dto be 100-300 nm also studied the time-resolved PL decays of the GDBBC.
thin films on quartz substrates. The sheet resistance of thEhe PL decays of the GDBBC at different emission wave-
indium—tin—oxide(ITO) used is~20 Q/square. The metal lengths and different temperatures are shown in Figa). 3
electrode of the EL device was prepared by vacuum deposgnd 3b). The results are insensitive to the emission wave-
tion at 1x 10’ Torr. The EL intensity was measured by a lengths and temperature. In all the cased 08 ns shown in

calibrated photodiode. Figs. 3a) and 3b), the decay of the PL is approximately
The optical absorption spectrum of the GDBBC thin film single exponential, i.e.,
in Fig. 1 shows a structureless broad absorption band from | _ _
I=loexp —t/7), (2

2.67 to 3.35 eV, which resembles those of alkoxy-substituted

2 1/2 PV oligomers®!” The maximum absorption coeffi- with a time constant of=1.24+0.05 ns, reflecting no obvi-

cient is 3.8<10*cm ! at 3.17 eV. The energy gdpaken as  ous nonradiative decay channels. Eor3 ns a small slower

the absorption edgeof the GDBBC is 2.6 eV. From the decay component becomes apparent. This component is also

cyclic voltamogram, the ionization potential of the GDBBC emission wavelength and temperature independent, demon-

is 5.6 eV. The electron affinity energy of 3.0 eV is calculatedstrating that it is not due tGemperature dependergxciton

by subtracting the ionization potential from its energy gap. migration to aggregated segmeritgith subsequent slower
The GDBBC excited at 3.1 eVFig. 1). shows a green emission or energy transfer from high energy excited states

emission consisting of peaks at 2.45, 2.31, and 2.17 eV, witlo low energy excited states. We suggest that the nonconju-

vibronic structure typical of PPVs and PPV oligomers. Thegated segments and the methoxy groups have effectively

absolute PL efficiency was measured by the methods desonfined the excitons to single chromophores; this slower

scribed in Ref. 10. The PL efficiency is defined as component is likely due to small variation in the chro-
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