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Optical properties, spectral narrowing of photoluminescence
and blue electroluminescence of poly  (phenylene pyridine ) derivatives
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Department of Chemistry, National University of Singapore, 119260, Singapore

(Received 24 April 2000; accepted for publication 8 June 2000

Optical properties of polphenylene pyridinge derivatives, poly2,5-dialkoxy-1,4phenylene-
alt-2,5-pyriding (PHONPY23, such as optical absorption, photoluminescen¢d), and
electroluminescencéeL), have been studied. The electronic energy structures of PHONPY25 have
been determined by optical and electrochemical measurements. Strong PL with high quantum
efficiency has been clarified in the films, and spectral narrowing has been observed by pulse
excitation of a nitrogen laser. Intense blue EL has also been demonstrate200@American
Institute of Physicg.S0003-695(00)04031-§

The use ofm-conjugated conducting polymers as func- were synthesized by a method reported elsewhefese
tional materials has attracted much attention from the poinpolymers, the molecular structures of which are shown in the
of view of basic science and applications, because of theinset of Fig. 1, have 2,5-dialkoxy-1,4-phenylene and 2,5-
high processability, stability, and promising electrical andpyridine in a monomer unit. The polymers are soluble in
optical propertie$:> Among various conducting polymers, common organic solvents such as chloroform.
alkyl- or alkoxy-substituted polymers, such as g8l Thin films of the polymers were formed on quartz plates
alkylthiopheng®  poly(9,9-dialkylfluoren¢  (PDAPF),*>  and In-Sn-oxidgITO)-coated glass plates with a sheet resis-
poly(p-phenyleng (PPP derivative® and poly2,5-dialkoxy-  tance of 10Q/0J by a spin-coating method for measure-
p-phenylene vinylené® are the most attractive materials, ments. Absorption and PL were measured at room tempera-
because of their high solubility in common organic solventsture in an evacuated quartz vessel using a Hewlett Packard
their fusibility at relatively low temperatures, and their high HP8452A spectrophotometer and a Hitachi F-2000 spectro-
luminescent quantum efficiency. photometer, respectively.

Utilizing conducting polymers with relative large band Electrochemical measurements, such as cyclic voltam-
gap, polymer blue light-emitting diodgsED) could be re- metry, were carried out with a three-electrode system con-
alized. We have demonstrated the blue LEDs by utilizingsisting of a working electrode with the sample, a platinum
PDAF® PPP derivativé, or polyacetylene derivatifeas counter electrode, and a silver reference electrode in an elec-
emission layer. trolytic solution of tetrabutylammonium tetrafluoroborate/

On the other hand, alternating copolymers with a Coup@cetonitrile using a Hokuto Denko HB-105 function genera-
of m-conjugated segments in each monomer unit of polymetor and the HA-105 potentiostat.
main chain are expected to possess unique characteristics and PL quantum efficiency was measured by a system con-
functionalities. Recently, such an alternating copolymer withsisting of an Ar” laser, a mechanical light chopper, an inte-
2,5-thienylene and 1,4-phenylene units, namely, regioregulz@rated sphere with photodiode, and a lock-in amplifier.
poly(3-butyl-2,5-thienylenelt-1,4-phenyleng was synthe- For the PL measurements at high excitation intensities,
sized and demonstrated the solubility in common solvent§ve used a laser beam with 600 ps pulses with the energy per
and the green electroluminescent propertfedlternating
copolymers synthesized by the modified synthetic process 1.2

should also have a possibility to demonstrate the blue lumi- 1 ] PHO4PY25
nescent properties. 2 : ——— PHO8PY25
In this letter, we report the optical properties, : 08t p\ PHO12PY25
such as photoluminescend®L) and spectral narrowing, S 06f —-—- PHO16PY25. \
and the electroluminescent properties of alternating co- §o.4‘-
polymer poly2,5-dialkoxy-1,4-phenylenak-2,5-pyriding 3
(PHONPY25. 8 %%
In this study, we used four kinds of PHONPY25 with < 0f =
different alkoxy side chain lengttn=4, 8, 12, 16, which Y S T T T S
300 400 500 600 700 800
Wavelength (nm)
dpresent address: Inner Mongolia Nationality Normal College, Tong Liao,
Inner Mongolia, China. FIG. 1. Absorption spectra of PHOnPY25. Inset shows the molecular struc-

YElectronic mail: yoshino@ele.eng.osaka-u.ac.jp ture of PHONPY25.
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FIG. 2. PL spectra of PHOnPY25. L L L
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pulse ranging from 1 to 110J, provided by a nitrogen laser,
the Wavelength of which v.vas.337.1 nm. The pump Ia‘Serll;H012PY25 thin film. The excitation pulse energies were 4i3,58.6(ii),
beam was focused by a cylindrical lens onto the PHONPY2310 2;jii), respectively. Inset shows the emission peak intensity dependence
film and the emission from the side of the film was detectechn the excitation intensity in PHO12PY25 thin film.
by a photonic multichannel analyz&€PMA-11, Hamamatsu

Photonics Co. ¢ btained at | itation intensiti h ¢
LEDs with the structure of ITO/PHONPY25/Al were SPECtum obtained at low excitation intensities changes a

fabricated by vacuum deposition of Al onto thin polymer high excitation intensities to a much narrower and stronger

films on ITO glass substrates. Electrical properties such agmission hand peaked at 460 nm with the spectral width of 5

current—voltage characteristics and electroluminescence™ The emission spectral narrowing is accompanied with a

(EL) spectrum were measured at liquid nitrogen temperatur@on“”ear amplification as illustrated in the inset of Fig. 3,

(77 K) using conventional methods, which were described irfhe PL intensities of which are subtracted by the linearly

detail previously? increasing factor of PL intensities. As apparent in Fig. 3, the

Figure 1 also shows the absorption spectra ofsharp peak starts. to bq observed at the input energy of ?O
PHONPY25. As evident from this figure, the absorption/J/Pulse and the intensity of the peak at 460 nm changes its
edges and peaks are almost the same for all of thdependence on exglta}uon. |n-tenS|ty to superlinear. The spec-
PHONPY25. That is, the absorption edge is not influenced by@lly narrowed emission is '”t_efPfetfd to be caused due to
the length () of the substituted alkoxy moieties. From an the amplified spontaneous emissibrt*enhanced by the op-
analysis of the absorption spectral edge corresponding to tHi¢a! waveguiding in the polymer film at this stage. It should
highest occupied molecular orbiiOMO)—the lowest un-  @lS0 be noticed that nitrogen laser are available as a short
occupied molecular orbital gap of the PHONPY25, using the?ulse excitation source and that the simple measurement sys-
relationship bvx «)? vs hw (a: absorption coefficienth: ~ tems with nitrogen lasers might be appropriate for such op-
Planck’s constanty: frequency under the assumption of di- tical measurements.
rect transition, the band gap energies of PHOnPY25 are In the case of LEDs utilizing PHONPY25 as emission
evaluated as 3.0 eV, which are independent of the alkoxyayers, thatis, with a structure of ITO/PHONPY25/Al, strong
substituent length. The interchain interaction might be quitélue EL was observed. The LEDs exhibit typical rectifying
small in the case of the polymers. characteristics. That is, in this case, ITO and Al layers act as

The top of the valence band, that is, the HOMO, washole and electron injecting electrodes, respectively. The
determined from the observed threshold potential of the elec€mission intensity starts to increase at around 15 V. The
trochemical oxidation in the cyclic voltammogram of driving voltages tended to increase with increasing polymer
PHONPY25. The threshold potentials of PHONPY25 are egthickness. The emission intensity increased monotonically
timated to be about 1.3 eV below the work function of silver. With increasing injection current.

When the PHONPY25 films were excited by violet light
at 385 nm from a Xe lamp, which was corresponding to the y

IG. 3. Optical emission spectra at different excitation pulse energies in

absorption peak wavelength, strong blue PL was observed. - F ;',}“.;\ PHO4PY25

The spectra of PHONPY25 are shown in Fig. 2. The peak '§0-8 L : \".‘:\ o PHOSPY25

wavelengths are located at 430—-440 nm for PHO4PY25, s F ; A

PHO8PY25, and PHO12PY25, and at 500 nm for 06} i N PHO12PY25

PHO16PY25. PL quantum efficiencies of the polymer films %0 4 ; f \\\\.—-—-- PHO16PY25

are evaluated to be about 20%, when the laser line at 363.7 S I h ‘\\

nm of an Ar' laser is adopted as an excitation source. Such Eoot RN

efficiency is comparable with previously reported efficiency o ¥ “‘5::\,5\\\

of blue luminescent conducting polyméfs. L Sl =
400 500 600 700

When the excitation intensity of the nitrogen laser pulse
was increased, the emission spectra of PHO12PY25 film
changed as shown in Fig. 3. It is seen that the broad PL FIG. 4. EL spectra of PHONPY25 at 77 K.

Wavelength (nm)
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By applying a positive bias voltage of, for example, 20 E. M. Conwell, inHandbook of Organic Conductive Molecules and Poly-

V to the PHONPY25 LEDs, a bright blue emission was ob- mers edited by H. S. Nalw@Wiley, New York, 1997, Vol. 4, Chap. 1,
. . . . . p. 1.

tam_ed_’ the EL spectra of which is shown in Fig. 4. The 2Handbook of Conducting Polymersdited by T. A. Skotheim, R. L.
emission peak wavelengths of PHONPY25 are around 430—Ejsenbaumer, and J. R. Reynoldarcel Dekker, New York, 1998
440 nm, which coincide with those of PL. 3Y. Ohmori, M. Uchida, K. Muro, and K. Yoshino, Jpn. J. Appl. Phys., Part

Although some alternating copolymers have already 2 30 L1938(199D. .

. . M. Fukuda, K. Sawada, and K. Yoshino, Jpn. J. Appl. Phys., P&8,2

been known as EL material§ such blue luminescent alter- 11433 (1989.
nating copolymers with high quantum efficiencies have °y. ohmori, M. Uchida, K. Muro, and K. Yoshino, Jpn. J. Appl. Phys., Part
hardly been reported. It should be emphasized that alternat-2 30, L1941 (1991, _
ing copolymers, such as PHONPY25, could be candidates Ofl\?ll.glgamaguchl, H. Sawada, J. Kyokane, and K. Yoshino, Chem. Lett., 527
blue luminescent materials for organic blue LEDs and blue7y. Hamaguchi and K. Yoshino, Jpn. J. Appl. Phys., Pag® L1478
lasers. Detailed studies are now in progress to clarify the (1994.
emission mechanism of PHONPY25. 8M. Hamaguchi and K. Yoshino, Jpn. J. Appl. Phys., ParB® L712

. . ) (1995.
In conclusion, the optical properties of PHONPY25, suche,, Hirohata, K. Tada, R. Hidayat, T. Masuda, and K. Yoshino, Jpn. J.

as absorption spectra, PL, spectral narrowing and EL, wereappl. Phys., Part 36, L302 (1997.
studied. The electronic energy structures of PHONPY25 wer&S. C. Ng, J. M. Xu, H. S. O. Chan, A. Fuijii, and K. Yoshino, J. Mater.

; ; ; Chem.9, 381(1999.
determined by optical and electrochemical measurements, S - Ng. H-F. Lu, H. S. O. Chan, A. Fuji, T. Laga, and K. Yoshino,

Spectral narrowing of PL was observed from PHONPY25 agy. mater. (to be publishex
films by the pulse excitation of the nitrogen laser. Intense?Mm. N. Shkunov, R. Gterbacka, A. Fuijii, K. Yoshino, and Z. V. Vardeny,

blue EL was also demonstrated in the LEDs of PHONPY25, APl Phys. Lett.74, 1648(1999. , _
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