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Optical properties of poly (disilanyleneoligothienylene )s and their doping
characteristics
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Department of Electronic Engineering, Faculty of Engineering, Osaka University, 2-1 Yamada-oka, Suita,
Osaka 565-0871, Japan

A. Naka and M. Ishikawa
Department of Chemical Technology, Kurashiki University of Science and the Arts, 2640 Nishinoura,
Tsurajima-cho, Kurashiki, Okayama 712-8001, Japan
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Optical absorption spectra, photoluminesce(ieie), Stokes shift, and electroluminescer{gs.) in
poly(disilanyleneoligothienylens have been found to be dependent on the length of
oligothienylene units. The color of EL changes from green to red with increasing length of
oligothienylene from three to seven thiophene rings. Their stability is much higher than
polysilanylene and increases with increasing length of oligothienylene and€ggydoping.
Photoconductivity is strongly enhanced and PL is remarkably quenchedQgaaoping, which

were discussed by the photo-induced electron transfer between aromatic units in these polymers and
Ceo- © 1999 American Institute of Physids$S0021-897€09)01501-1

I. INTRODUCTION cence in polydisilanyleneoligothienylens (PDSIOT) de-

di t I the length of oligothienyl .
Conducting polymers with highly extendeg-electron pencing strongly on The fength of olgothienylenes

systems in their main chains have attracted much interest
from both fundamental and practical viewpoints, because of
their novel physical phenomena and various new functional!- EXPERIMENT

applications, such as insulator-metal transition upon doping,  ppsiOT, the molecular structures of which are shown in
batteries? electrochromisni, electroluminescent (EL) Fig. 1, were synthesized by the method already repdfted.
devices!® Recently, we reported on quenching of photolu-That is, for example, PDSIOT with pentathienylene, poly-
minescence(PL) and enhancement of photoconductivity (gjsjlanylenepentathienylenewvas prepared by crossconden-
(PO of conducting polymer upog, doping? _ sation of the di-Grignard reagent produced from
On the other hand, polysilanes, which are considered tqQ 2_pig5'-bromo-2,2-bithien-5-y)tetraethyldisilane  with
be one-dimensional systems due to the delocalizationr of 2,5-dibromothiophene in the presence of thélljicatalyst.
orbitals along the Si backbone, have also attracted much afpege polymers thus obtained are soluble in common or-
tention, because of their various interesting phenomena su@hnic solvents such as chloroform and tetrahydrofuran, but
as doping effect$, thermochromisni, photoconductive re-  the solubility decreased markedly with increasing the num-
sponse with large hole mobility and large nonlinear opticalper of thienylene rings per disilanylene unit.
effects. We have also reported that PL was quenched upon Thin films of these polymers were formed on quartz
Cgo doping in polysilanes with aromatic moieties in the sidepjates and ITQIn-Sn-oxide-coated glass plates with a sheet
chain? Detection of electroluminescence in polysilanes WaSesistance of 1@/ by a spin coating method for measure-
also reported on** o ) ments. Absorption and PL were measured utilizing spectro-
Therefore, polymers  containing silanylene  andphotometer Hitachi 330 and spectrophotometer Hitachi
m-conjugated electron systems in their main chain are intere_2000, respectively. EL devices with the structures of
esting from both scientific and practical points of view. Re-MgIn/PDSIOT/ITO were fabricated by vacuum deposition of
cently, we reported the unique properties of fgdigilanyle-  \jgin onto thin polymers films on ITO. EL measurements
neoligophenylens (PDSIOB, the backbone main chain \yere also carried out by the method already repoffetf.

structures of which consist of disilanylene and oligophe-ppotoconductivity and their doping effects were also studied
nylene units. Optical, electrical, electrochemid@}, doping

and lasing properties of PDSIOP have been discussed.
In this article, we report the novel optical and electrical
properties such as photoluminescence and electrolumines- / \\ / ?4H9\ -I
Si
3Also at Institute for Fundamental Chemistry, 34-4 Takano-nishihiraki-cho, S /m \ CI)4H9 /QJ n

Sakyo-ku, Kyoto 606-8103, Japan; electronic mail: yoshino

@ele.eng.osaka-u.ac.jp PDSIOT
Y0On leave from Department of Thermophysics, Uzbek Academy of Sci-
ences, Katartal 28, Chilanzer C, Tashkent 700135, Uzbekistan. FIG. 1. Molecular structures of PDSIOT.
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FIG. 2. Absorption spectra of PDSIOT as a function of oligothienylene Figure 3 shows the typical cyclic voltamogram of
length. PDSIOT (m=7) in TBABF,/PC. The top of valence band
(HOMO) was determined from the observed threshold poten-
tial of the electrochemical oxidation in the cyclic voltamo-

. . . i ram. The electronic energy schemes in these polymers
;n;a;lg?grgﬁéga:I%%?,Zg:,:g;:l?or?ple with Xe are lamp IIghtgvaluated utilizing the absorption edges and the threshold in

. ' . cyclic voltamogram are indicated in Fig. 4. As evident in this
Electrochemical measurement such as cyclic VOItammeﬁgure the bottom of conduction barfdUMO) of PDSIOT

try andin situ spectral change upon electrochemical dopingbecon’]es lower in energy with increasing length of thie-
were carried out with three electrodes system Comaimn%ylenes On the other hand, lowering of HOMO with the
working electrode with sample, a platinum counter electrode[-ength o'f thienylene is much ’Iess

2Pd ?etsrg\t/)irt rlgl;ﬁ:sggﬁjrileci:aot(rj;ﬂLr;rt(:]beogteewo%g Asgézunon Corresponding to these red shifts of the band gap, the PL
y peaks also exhibit redshifts with increasing the number of

%%pﬁmgﬁrzgﬁztrig ;ntlclilztlr?g Htgflgg l;)uc;[?en[t)iiglt(ei HB- thienylene rings as shown in Fig. 5. Figure 6 shows the de-
' pendence of the band gap and the energy of the PL peak on
the number of thienylene rings. It should be mentioned that
lll. RESULTS AND DISCUSSION the PL intensity decreases with increasing the number of
Figure 2 shows the absorption spectra of PDSIOT withthienylene rings. The Stokes shift of PL peak from the ab-
various lengths of thienylene rings. As evident from thesesorption edge was also dependent on the number of thie-
figures, the absorption edge shifts to longer wavelength witlnylene rings, as shown in Fig. 7. That is, the Stokes shift
increasing the number of thienylene rings in the main chaindecreases with increasing the number of thienylene rings.
From the analysis of the absorption spectral edge correFhe Stokes shift in polythiophene fitthis small in compari-
sponding to highest occupied molecular orbittllOMO)—  son with PDSIOT as also evident in Fig. 7. These results
lowest unoccupied molecular orbitalLUMO) gap of suggest that the optical properties of PDSIOT in the visible
PDSIOT, using the relationship oh¢X )2 vs hv (a: ab-  range are determined by the oligothienylene moieties in the
sorption coefficient under the assumption of direct transi- main chain.
tion, the band-gap energies of PDSIOT were evaluated as
2.2-2.8 eV depending on the number of thienylene length.

by the method already reportéd®!* Steady-state PC was
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FIG. 5. Photoluminescence spectra of PDSIOT as a function of oligothie-
FIG. 3. Typical cyclic voltamogram of PDSIOTmM=7). nylene length.
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FIG. 6. Dependence of the bandgap and the energy of the PL peak on the . ) ) .
number of thienylene rings. PT in this figure indicates polythiophene whichF!G: 8. Absorption and PL spectra of both oligothiophene and PDSIOT
includes large number of thienylene rings. containing the same oligothiophene in its structure.

The film of oligothiophene formed by spin coating is not evident in Fig. 10, green EL was realized with PDSiQ (
good enough quality for optical study. Therefore, the optical=3) with terthienylene and the emission peak shifted with
property of oligothiophene in solution was compared withincreasing the number of thienylene rings. PDSIOT with
those of PDSIOT in solution. Figure 8 shows the absorptiorsixthienylene exhibited EL of red in color as also evident in
and PL spectra of both oligothiophene and PDSIOT containFig. 10. These facts also clearly indicate that the optical
ing the same oligothiophene in its structure. It should beproperties are mostly determined by the length of oligothie-
noted that the absorption edge and the wavelength of Phylenes.
peak are different from those of PDSIOT with the same oli-  The stability of these polymers and their emission char-
gothiophene in its structure. It should also be mentioned thaacteristics are much higher than that of simple polysila-
the Stokes shift in PDSIOT was larger than that of the sam@ylenes. It should also be mentioned that the stability of
oligothiophene. This suggests that the Si atoms sandwichingiese polymers increases with increasing the length of olig-
oligothienylene influences on the electronic states of oligothothienylene. This may be explained by stabilization of short
ienylenes and the relaxation of the main chain upon excitaSi—Si bonds with side alkyl chains and by sandwiching be-
tion. tween aromatic molecular units. The absorption of short

Figure 9 indicates the absorption spectral change invavelength light by aromatic units such as oligothienylenes
PDSIOT (m=6) upon electrochemical doping. As evident in may also result in the increase of stability.
this figure, upon doping, absorption peaks evolve in the spec- The absorption spectrum of PDSIOT did not change
tral range longer in wavelength than the absorption edge, thamarkedly uporCg, doping, which suggests th@; is not an
is, in the energy range of the forbidden gap, which can beffective dopant for PDSIOT in the ground state. However,
interpreted by the formation of polaronic state as the case ghe stability was still enhanced upon introduction@, in
most conjugated polymers such as polythiophene. Theséese polymers. The increased stability to light irradiation
spectral change upon doping supports the interpretation thaponCg, doping suggests that the photoexcited species were
the optical property of these polymers are determined by théilled by Cgp, resulting in the suppression of photoinduced
oligothienylene units in the main chain. degradation.

It should also be mentioned that strong EL was also  The effects 0fCq, doping in PDSIOT under dark condi-
demonstrated utilizing these polymers as emitting layer irfions are small. However, optical properties are influenced
the EL device with a structure of Mgin PDSIOT/ITO. As
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FIG. 7. Dependence of Stokes shift of PL peak from the absorption edge oRIG. 9. Change of the absorption spectrum of PDSI@iF(®6) takenin situ
the number of thienylene rings. PT in this figure indicates polythiophene. during electrochemicgb-type doping.
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Upon irradiation of light with a photon energy exceeding

the band-gap energy of PDSIOMEDS), 2.5 eV, the inter-
strongly by Cgo doping. For example, the PL intensity of band optical transition will create excitons in PDSIOT. When
PDSIOT (m=5) excited by violet light at 450 nm changed excitons migrating along the main chain of PDSIOT encoun-
markedly uponCg, doping as shown in Fig. 11. Though the ter with Cg, electrons are transferred @y, resulting in
wavelength of the emission peak did not change markedlydissociation of excitons and hence quenching of PL and also
its intensity decreased drastically with increasi@g, con-  enhancement of PC due to migration of remaining positive

centration. carriers on the polymer chain as schematically shown in Fig.
As shown in Fig. 12, PC of PDSIOTn{=5) was en- 13.
hanced significantly upofg, doping. The photoconduction We have already reported that in polysilanes with satu-

response at the photon energy corresponding to the band-gested hydrocarbon side chains, PL quenching was not clearly
energy of PDSIOT was notably enhanced by the introduction

of a small amount o¢y. This observation of enhancement

of PC in PDSIOT uporCg, doping can also be explained by

photoinduced charge transfer from the excitons in PDSIOT

to Cgg by formation of stablecgol. The remaining positive
carriers on the main chain of PDSIOT contribute to enhanced \_C?__i N
photoconductior}? 19

The HOMO of PDSIOT is lower than the LUMO of : 35 eV
Cso, as shown in Fig. 13. Therefore, electron transfer from
PDSIOT toCyg is difficult in the ground state which is con- | Agl 25eV 036V Hu
sistent with the small changes in the absorption spectrum in T\ *
PDSIOT byCgq doping under dark conditions. Y 0.82 eV | 1.8eV

1 A
m=5 20 )
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FIG. 11. Dependence of photoluminescence intensity of PDSi@F §)
on the concentration 0€4,. Inset shows photoluminescence spectra of FIG. 13. Schematical explanation of photoinduced charge transfer between
PDSIOT (m=5) with Cg, doping. PDSIOT andCgg.
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