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Optical properties of conducting polymers with Sn atoms in main chains, such as optical absorption,
photoluminescencéPL), and electroluminescence, have been studied. The electronic energy
structures have been determined by optical and electrochemical measurements. Strong PL with high
quantum efficiency has been clarified in the films, and photopumped multimode laser emission was
demonstrated from cylindrical microcavities formed by these polymers coated around optical fibers.
© 2004 American Institute of Physic§DOI: 10.1063/1.1667272

I. INTRODUCTION should also have anotherconjugated segment and a possi-
_ _ bility to exhibit unique luminescent properties.
The use ofm-conjugated conducting polymers as func- | this paper, we report the optical properties, such as

tional materials has attracted much attention from the poinphotoluminescencéPL), spectral narrowing of PL, the EL
of view of basic science and applications, because of theiproperties of Conducting po|yme|’s with Sn atoms in main

high processability, stability, and promising electrical andchains, and blue—green lasing action in a microring cavity by
optical properties. Among various conducting polymers, picosecond laser pulse excitation.

alkyl- or alkoxy-substituted polymers, such as {8l
alkylthiophene?  poly(9,9-dialkylfluoreng¢  (PDAP)3*
poly(p-phenyleng (PPP derivative® and poly2,5-dialkoxy-
p-phenylene vinylend’ are the most attractive materials, Two kinds of conducting polymers, pdliB,6-N-2-
because of their fusibility at relatively low temperatures,ethylhexylcarbazolytco-diphenylstannarie  (SnPhPVK,
solubility in common solvents, and their high luminescentand poly (9,9 -dihexylfluoreng-co-diphenylstannane (Sn-
guantum efficiency. PhFPV}, the molecular structures of which are shown in Fig.
Utilizing conducting polymers with relatively large 1, were studied in the present work. These polymers were
bandgap, polymer blue light-emitting diodésED)®~1° or  synthesized and purified by the method already descfibed.
polymer blue lasers could be realized. We have demonstratdd these polymersz-conjugations are regularly interrupted
the blue LEDs by utilizing PDAR,PPP derivativé,or poly-  along the backbone by Sn atoms, resulting in isolated chro-
acetylene derivativé as emission layers. Though red and mophores which emit blue light in color. These polymers are
green photopumped lasers with microcavities ofsoluble in common organic solvents such as chloroform and
m-conjugated polymers were demonstrated previously, blugoluene; the installation of a unit with a long Sn—C bond
region lasers have hardly been reported. length into a rigid polymer backbone reduces its rigidity, due
On the other hand, copolymers withmaconjugated seg- to the lower barrier to rotation about the Sn—C bonds in the
ment and hetero atoms, such as Si and Sn, which are thgolymer backbone, increasing its solubifify.
same group of carbon atom in each monomer unit of poly-  Absorption and PL spectra of polymer thin films pre-
mer main chains, are expected to possess unique charactpared by a spin-coating method were measured at room tem-
istics and functionalities. Recently, copolymers such agperature in an evacuated quartz vessel using a Hewlett Pack-
poly(disilanyleneoligophenylens’? and polydisilanylene- ard HP8452A spectrophotometer and a Hitachi F-4500
oligothienylengs'® were synthesized and demonstrated thefluorescence spectrophotometer, respectively. PL quantum
blue-to-red electroluminescefEL) properties, since Si in efficiency was measured by a system consisting of a me-
main chains interrupts the-conjugated chain and limit the chanical light chopper, an integrated sphere with a photodi-
m-conjugation length. Furthermore, they were highly solubleode, and a lock-in amplifier.
in common solvents and the high-quality thin films could be  EL devices with the structure of indium—tin—oxide
obtained in wet processes, because the long bond length b@TO)/polymer/aluminum(Al) were fabricated by vacuum
tween a hetero atom and a carbon atom reduces its rigiditgleposition of Al onto the polymer thin film on ITO-coated
Copolymers synthesized by the modified synthetic procesglass substrates. The active area of the EL devices was 4

II. EXPERIMENT
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) ) ) ) FIG. 2. Absorption spectra of SnPhPVK and SnPhFPV.
FIG. 1. Molecular structures of conducting polymers with Sn atoms in main
chains.

lll. RESULTS AND DISCUSSION

Figure 2 shows the absorption spectra of ShnPhPVK and
mn?. Electrical properties such as current-voltage characteroNPhFPV in thin films. The peak wavelengths of absorption
istics and EL spectra were measured using conventiond SNPhPVK and SnPhFPV were 372 and 398 nm, respec-

tively, which corresponds to the—#* transition of the poly-
mers. From an analysis of the absorption spectral edge cor-
responding to the highest occupied molecular orbital

methods.

Electrochemical measurements, such as cyclic voltam
metry, were carried out with a three-electrode system con ) i
sisting of a working electrode with the sample, a platinum(HOMO)—the lowest unoccupied _molecu;ar orbital gap of
counter electrode, and a silver reference electrode in an eleH1€ Polymers, using the relationshipy(k «)® vs hv (a: ab-

trolytic solution of tetrabutylammonium tetrafluoroborate/ SOTPtion coefficient, h: Planck's constamt, frequency un-
acetonitrile using a Hokuto Denko HB-105 function genera_der the assumption of direct transition, the bandgap energies
tor and the HA-105 potentiostat. of SnPhPVK and SnPhFPV is evaluated as 2.8 and 2.7 eV,

Time-resolved PL measurements were carried out utiliz/€SPECtively. .
ing a Ti—sapphire mode-lock laser pumped by a cw diode The top of the valence band, that is, the HOMO, was

laser as femtosecond pulse—laser system and a second ndgtermined from the observed threshold potential of the elec-

monic generator unit. The pulse—laser beam had a pu|st(_r’,ochemical oxidation in the cyclic voltammogram of the
width of about 100 fs and pulse rate of 82 MHz. PL was Polymers. Th_e threshold potentials of SnPhPVK and SnPh-
observed using a streak camera, the time resolution of whichPV are estimated to be about 0.9 and 1.1 eV below the
is about 15 ps. This measurement was carried out at rooyork function of S|.Iver, respectively. From the analysis of the
temperature in an evacuated quartz vessel. observed absorption spectral edge and the threshold poten-
For the PL measurements at high excitation intensities'fials of the electrochemical oxidation, the electronic energy
we used a Nd: yttrium aluminum garn@fAG) regenerative diagrams in these polymers were evaluated as shown in Fig.
laser amplifier producing 100 ps pulses with a repetition raté-
of 1 kHz. This laser light was frequency triplé855 nnj. |
The pump laser beam was focused by a cylindrical lens ont8Y light from a Xe lamp,
the polymer thin film, and the emission from the side of the
film was detected by a photonic multichannel analyzer

When the SnPhPVK and SnPhFPV films were excited
the wavelengths of which corre-

(PMA-11, Hamamatsu Photonics ¢dor the measurements
of spectral narrowing. Meanwhile, for the measurements of | CB \ ‘ CB \
LUMO
lasing, the pump laser beam was focused by a round lens
onto the polymer microring and detected by a spectrometer 2.8eV 2.7eV
with a CCD camera. The samples were held in a vacuum cell R e e Ag
to avoid degradation by irradiation and oxidation. IO 96V I
The optical fibers were drawn from silica fibers, which 1.1eV
were heated and softened with a high-temperature flame. HOMO
Then fibers with diameters of 15—1@0n could be obtained. Ve VB

To form microring cavities, optical fibers were dipped into
chlorobenzene solutions of these polymers. The thickness of

the polymer layer was roughly estimated to be less than 1
omm. FIG. 3. Electronic energy band diagrams of SnPhPVK and SnPhFPV.

SnPhPVK SnPhFPV
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FIG. 4. PL spectra of ShnPhPVK and SnPhFPV.

spond to the absorption peaks, strong PL was observed. TI’?éty’ as shown in the inset of Fig. 5. Because of higher PL

PL spectra of SnPhPVK and SnPhFPV are shown in Fig 4efﬁciency, spectral narrowing threshold was much lower than
The peak wavelengths were located at 482 nm for Siphpygnat of the polymers with Si atoms in main chafisThe
spectrally narrowed emission is interpreted to be caused due

and 476 nm for SnPhFPV. The emission colors were, there> H lified icda.210 b d by th
fore, almost blue region for these polymers. to the amplified spontaneous emis enhanced by the

PL quantum efficiencies of the polymer films are evalu-Optical waveguiding in thg §nPhFPV film.
ated as summarized in Table I, when the laser line at 400 nm " the case of LEDs utilizing SnPhPVK and SnPhFPV as

of a Ti—sapphire laser was adopted as an excitation source. §fnission layers, that is, with a structure qf ITQ/ponmgr/_AI,
should be noted that SnPhPVK demonstrated high efficienc;ftrong EL_ was obser\_/ed_. Th_e LEDs exhibit typical rectifying
39% (photon/photo in thin film. The efficiency is compa- Characteristics. That is, in this case, ITO and Al layers act as

rable with previously reported efficiency of blue luminescent!'0/€ and €lectron injecting electrodes, respectively. Each EL
conducting polymer&s-17 spectrum is shown in Fig. 6. The emission peak wavelengths

From time-resolved PL measurements, PL decay time a‘?f polymers coincide with those of PL. The current density

PL peak wavelength could be approximated by singleS voltage characteristic of SnPhPVK is shown in the inset

exponential deca? 1 (t) = I, exp(—t/7), wherel (t) is the PL of Fig. 6. The emission intensity starts to increase at around
intensity at timet, |4 are the initial intensities, andare the h ¢ lasi . h L
lifetime constants, respectively. The evaluated PL lifetime For the measurements of lasing action, the microring

constants of the polymers in films are also summarized iﬁ;tructu:ceshas ShOW*? n tlhe Inset Of. F'.g' 7 were usr?d. A spec-
Table I. As evident in this table, the polymer with longer trum of the microring lasaer emission on SnPhFPV was

lifetime exhibits higher PL quantum efficiency than the re-SnOWn in Fig. 7 as waveguided mode. The outer diameter of
sults we have already report&the the microring D was 9Qum. The bright blue—green striped

When the excitation intensity of Nd:YAG laser pulse at laser emission all around the ring cavity could be observed,

355 nm was increased, the emission spectra of the SnPhFFﬂ?d the spectral width of laser lines was 0.1 nm or less. The

film changed as shown in Fig. 5. It is seen that the broad PL
spectrum of SnPhFPV obtained at low excitation intensities

in Fig. 4 changes at high excitation intensities to a much 600
narrower and stronger emission band peaked at 500 nm with s
the spectral width of 5 nm. The emission spectral narrowing 10} . Em
is accompanied with a nonlinear amplification as illustrated 3 E
in the inset of Fig. 5. The sharp peak starts to be observed at \g : < 200
the input energy of about 2J/pulse and the peak intensity at 2 = §
500 nm changes superlinearly depending on excitation inten- § o5k 05— ;‘46/ PR
o ] i Voltage(V)
TABLE |. Peak wavelengths of absorption and PL, PL efficiencies, and PL ;: “\ —— SnPhPVK
lifetimes of conducting polymers with Sn atoms used in this study. ; ‘\\ """ SnPhFPV
Absorption PL efficiency 00 z L i S L
Polymer peak(nm) PL peak(nm) (photon/photop PL lifetime (ns) 400 500 600 700 800
Wavelength(nm)
SnPhPVK 348 482 39.2 0.63
SnPhFPV 378 476 24.3 0.44 FIG. 6. EL spectra of SnPhPVK and SnPhFPV. The inset shows the current

density vs voltage characteristic of SnPhPVK.
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