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This article reports the photo-(PL) and electrolumine-PPV thin film (80 nm thick). The absorption Ata.x= 442
scence (EL) properties of poly[2-(#butylphenoxy)-1,4- nm is ascribed to tha-7i transition of the backbone. PL
phenylenevinylene], BPO-PPV (Scheme 1). Although emission occurs ata. 500-650 nm with its maximum
luminescence properties of many derivatives of poly(1,44intensity being located at 538 nm corresponding to greenish
phenylenevinylene), PPV, have been reported Byamsl  yellow light. The PL spectrum was obtained at the excitation
otherg since the Cambridge groupfrst report on the EL  wavelength of 442 nm, and it exhibits multiple peaks arising
of PPV, electroluminescent properties of BPO-PPV has nofrom vibronic effect’®
been systematically reported yet, although there was a A light-emitting diode (LED) (device A) was constructed
presentation on the optical properties of BPO-PRWvas to have the configuration of ITO/PEDOT (30 nBRO-
hoped that the presence of bulky-ldutylphenlyoxy sub- PPV (80 nm)/Li:Al by spin coating of the two polymer
stituent will render the resulting polymer soluble in organiclayers consecutively onto an indium-tin oxide (ITO) coated
solvents and also improve EL performance owing toglass followed by vacuum deposition of Li:Al alloy contain-
increased interchain distance that in known to hinder théng 0.26% Li. Here, PEDOT stands for poly(2,3-ethylenedi-

formation of interchain excitoh. oxythiophene) doped with sulfonated polystyrene (Bayer,
o =10 Scm?), which was utilized in order to enhance hole
Results and Discussion injection and transport from the ITO anode and also to

improve interface contact. The second LED (device B) had

BPO-PPV was prepared at room temperature by Gilchthe configuration of ITO/PEDOT (30 nrBPO-PPV (80
polymerizatiofi of 1,4-bis(chloromethyl)-2-(4-butyl) phen-  nm)/BBOT (3 nm)/Alg (3 nm)/Li:Al. The 2,5-bis(5tbutyl-
oxybenzene in THF using potassiutrbutoxide. This benzoxazolyl) thiophene (BBOT) layer deposited by vacuum
compound was prepared by reacting 1,4-bis(hydroxymetheeposition, was employed as a hole blocker (HOMO: 6.29
y)-2-(4-t-butyl phenoxy)benzene with thionyl chloride. eV against vacuum levél)and the tris(8-hydroxyquino-
The bis-hydroxy compound could be obtained by redd€ing linate) aluminum (Alg) for an improved electron injection
diethyl 2-(4't-butylphenoxy) terephthalate with LIAIHBPO- and transport. Alghelps electron injection from the cathode
PPV was found to be soluble in common solvents such aslue to it's comparable LUMO level (2.84 é\tp the work
THF, methylene chloride, and chloroform. Its numberfunction (2.9 eV) of lithium®** Moreover, BBOT favors the
average molecular weight was determined td/he =32,20@lectron transport because of its slightly lower LUMO level
by gel-permeation chromatography using polystyreng(3.16 eV) than the LUMO level of AlgThe higher HOMO
standard. Its polydispersity index was 1.6.

Figure 1(a) shows the UV-Vis and PL spectra &RD- 10
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Figure 1. (a) Normalized UV-Vis and PL spectra of the thin

Scheme 1Synthetic routes to BPO-PPV. and (b) EL spectra of the devices.
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@) 12, device B. This result implies that the device stability is
Device B improved by the utilization of BBOT and Aldayers. As
/‘ alluded above, facilitated injection and transport of electrons
/ by the aid of the two layers together with an efficient hole
blocking by the BBOT layer improves the exciton formation
in the emitting layer of device B. Moreover, Figure 2(a)
shows that the current density and emitted light intensity
exhibit a parallel dependence on the applied electric field,
which implies an efficient utilization of injected carriers.
Finally, external quantum efficiencies, or the ratio between
the number of photons emitted and the number of electrons
N f injected, of the two devices are plotted against current
/ / density in Figure 2(b). The device As initial maximum
{20 external efficiency is 0.06% that decreases to 0.04% as the
s H current density increases, whereas the device B’s maximum
‘./‘ w_,x efficiency was higher (0.09-0.07%). Although we do not
0 tomsssmepouttionposs 0 have any information on the carrier mobilities of BPO-PPV,
the results of the present investigation suggest BRa-
PPV is a better hole transporter than electron transporter, as
(b) to be the case for PP¥and many of its derivativé$®
Wel®9 however, reported recently that attachment of proper
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E — In summary, this article describes the PL and EL proper-
f ties of a new soluble PPV derivativ8PO-PP\V. This
0011 polymer is found to be an emitter of greenish yellow light
and the LED devices fabricated with this polymer revealed
—&— Quantum Efficiency of device A external quantum efficiencies of. 0.05-0.1%. Although

»— Quartum Efficiency of device B the performance of the two devices described in this work

still requires a significant improvement to be of practical
importance, it is conjectured that better device structures and
fabrication methods would be able to provide us with a
strong possibility of developing devices base®&O-PPV

for practical applications.
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Current density (m/A/mm) Synthesis of the BPO-PPV polymer The BPO-PPV
Figure 2. Current-EL intensity-electric field and efficiency of the polymer was synthesized by the so-called Gilch-Wheel-
devices. wright polymerizatiof of 1,4-bis(chloromethyl)-2-(4t-butyl-

phenoxy)benzene3), which was prepared from 2-(&-
level (5.81 eV) of Alg than the HOMO level (6.29 eV) of butylphenoxy)terephthalic acid)(as described below.
BBOT effectively induce the formation of excitons mainly in  1,4-Bis(hydroxymethyl)-2-(4't-butylphenoxy)benzene (2)
the BPO-PPV layer due to the hole blocking ability of 2-(4'-t-Butylphenoxy)terephthalic acidl) (3.14 g, 0.01
BBOT. Since the HOMO and LUMO levels 8PO-PPV mol) was dissolved in dry THF (30 mL) taken in a 250 mL
determined by cyclovoltametyare 5.6 eV and 3.3 eV, two-necked round-bottomed flask fitted with a nitrogen
respectively, both electrons and holes injected are expectdzhlloon and a dropping funnel. The reaction mixture was
to be confined in the layer of BPO-PPV. cooled (0°C) while stirring in an ice-salt bath. Added BH
Figure 1(b) includes the EL spectra of the first and theTHF solution (2.58 g, 0.03 mol) drop-wise, over a period of
second devices, and they are very similar to the PL spectrumne hour, through the dropping funnel. The reaction mixture
of the BPO-PPV shown in Figure 1(a). This again tells us was further stirred at room temperature, for a period of 6
that the EL emission is from tH&PO-PPV layer. Figure 2  hours. Cooled the reaction mixture using ice-salt bath,
compares the electric field (E)current density (I) and destroyed the excess borane (if remaining any) by adding
electric field (E)- light intensity curves of the two devices. THF-water (20 mL, 1: 1 by vol.) mixture, slowly through
According to Figure 2(a), maximum intensity of emitted the dropping funnel. To this was then addeg;®; (10 g)

light was about 1&W (750 cdm?) at 1.18 MVcm® for the  and stirred well. Filtered the reaction mixture, collected the
device A and 98iW (3800 cdn¥) at 2.13 Mvcm® for the  filtrate and the crude product obtained on evaporation of the
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same was chromatographed to obtain pure product 1,4- Characterization and PL and EL properties. The

bis(hydroxymethyl)-2-(4t+butylphenoxy)benzene in the methods for the characterization of the polymer and measu-

solid form. Yield: 1.8 g (63%). rement of PL and EL properties are the same as described
IR, (KB, Vmax cnid): 3320 (O-H stretching), 2962 and earlier in detail by u¥®©

2870 (C-H stretching), 1610, 1575, 1508 (aromatic C=C
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