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Abstract

Light emission from tetrahydrofuran solutions of a liquid crystalline polyacetylene, poly(11-{[(4-heptoxy-4-bipheny-
lyl)carbonyl]oxy}-1-undecyne), is investigated in the electrical field. The field exerts little effect on the photoluminescence of the
polymer solution with a low concentration (1.03 x 10 ~* M). The photoluminescence of a concentrated solution (113 x 10 =% M)
is, however, noticeably quenched under an electrical field with a field strength of >3 x 10° V m~!. When the field strength is
increased to >3.67 x 10° V m !, the bimodal emission spectrum of the solution changes to a monomodal one. Thus, both the
emission intensity and spectral profile of the photoluminescence of the concentrated solution can be tuned by the electrical field,
which is probably caused by the aggregate dissociation and mesogen realignment induced by the external stimulus. © 2001

Elsevier Science B.V. All rights reserved.

Keywords: Photoluminescence; Electric field; Polyacetylene

1. Introduction

Electrical field is one of the most convenient tools of
manipulation and is an indispensable part of modern
devices of high technology. The alignment of mesogenic
molecules by electrical field, for example, forms the
basis of liquid crystal optical display systems [1-3].
Light emitting materials have high potential for a wide
variety of technological applications [4-9], and it is of
considerable interest to control the optical property by
electrical means. We have recently developed a group of
new substituted polyacetylenes that are both liquid
crystalline and light emitting [10—18]. In this report, we
demonstrate that the spectral profile and emission in-
tensity of the photoluminescence of one of such poly-
acetylenes, poly(11-{[(4"-heptoxy-4-biphenylyl)carbonyl]
oxy}-l1-undecyne) (1) can be modulated by externally
applied electrical field.
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2. Experimental details

The synthetic experimental details and full character-
ization data of 1 have been reported elsewhere [14,16].
Two polymer solutions with distinctly different concen-
trations (1.03 x 10~* and 113 x 10~* M) were pre-
pared by dissolving accurately weighed amounts of the
polymer in spectroscopic grade tetrahydrofuran. The
molar concentration was calculated on the basis of the
molecular mass of the repeat unit of 1. The solution
was placed in a 1-mm quartz cell sandwiched with a
pair of ITO electrodes, to which dc fields of different
strengths were applied. A 325-nm line from an Om-
nichrome helium—cadmium laser was used as the exci-
tation source. The photoluminescence spectra of the
polymer solutions were measured on a Spex-500M
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Fig. 1. Normalized emission spectra of a THF solution of 1 in the
electrical fields. Concentration: 1.03 x 10~ % M; excitation wave-
length: 325 nm; excitation power: ~1 mW.
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Fig. 2. Normalized emission spectra of a THF solution of 1 in the
electrical fields. Concentration: 113 x 10 ~—* M; excitation wavelength:
325 nm; excitation power: ~ 1 mW.

spectrofluorometer at room temperature in the quartz
cell.

3. Results and discussion

Fig. 1 shows the luminescence spectra of the solution
of 1 with a low concentration (1.03 x 10 =% M). Upon
photoexcitation at 325 nm, the polymer solution emits
a deep blue light. Little change is observed in the
emission spectrum when an electrical field of 1.33 x 10°
V m~! is applied to the polymer solution. The spec-
trum remains unchanged even when the field strength is
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Fig. 3. Effect of field strength on the integrated intensity of photolu-
minescence of THF solutions of 1.

increased to as high as 4 x 10° V m~!. Clearly the
electrical field has no any effect on the spectral profile
of the dilute polymer solution.

While the dilute solution exhibits only one emission
peak at ~ 383 nm, the polymer solution with a high
concentration (113 x 10=% M) shows an additional
peak at ~ 404 nm (Fig. 2). When an electrical field is
applied to the concentrated solution, the emission spec-
trum gradually blue shifts. The spectral shift undergoes
a large change at a field strength of 3.67 x 10° V. m !,
where the two peaks merge into one at ~ 389 nm. The
new peak still blue shifts with the further increase in the
field strength but the extend of the shift is marginally
small.

The integrated intensity of the emission from the
dilute solution monotonically decreases as the field
strength increases (Fig. 3). The emission from the con-
centrated solution is weaker and shows a complex
pattern with the change in the field strength. The
intensity increases in the low field strength region (<
3x10° V. m~"'), rapidly drops in the medium region
(3-3.33 x10° V m~"), and slightly decreases in the
high region (>3.67 x 10° V m~"). It is noteworthy
that the rapid drop in the integrated intensity coincides
with the rapid growth of the lower-energy emission
peak shown in Fig. 2.

In dilute solutions, luminescent chromophores are
separated far apart by the solvent molecules and experi-
ence little intermolecular interaction; light emitted from
such isolated species is usually called “monomer’ emis-
sion [19]. As the concentration increases, the chro-
mophores are brought in contact and the
intermolecular interaction intensifies [20]. The chro-
mophores may cluster or aggregate in a quasi-parallel
fashion and the luminescence from such aggregated
species are often referred to as “dimer” emission
[19,21].
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An externally applied electrical field may not alter
the intermolecular interaction of the isolated chro-
mophores, accounting for the nil effect of the field on
the spectral profile of the emission from the dilute
solution. The electrical field may partially separate the
charges of the excitons and reduce the chances for the
photogenerated electrons and holes to recombine, hence
weakening the monomer emission.

The concentrated solution exhibits one emission peak
at ~ 383 and another at ~ 404 nm; the former is
clearly associated with the monomer emission, while the
latter may be related to the dimer emission because it is
not observed in the emission spectra of the dilute
solution. The aggregates (dimers) may partially quench
the emission from the isolated chromophores
(monomers) [19], and the integrated intensity of the
emission from the concentrated solution is thus lower
than that from the dilute solution.

When an electrical field is applied to the concentrated
solution, polarization of the chromophores takes place.
It is known that the induced dipole moment u is
proportional to the field strength E, i.e., 4 = aE, where
o is the polarizability of a mesogenic pendant or a
conjugated segment in a polymer chain. In the low
fields, the dimers may partially separate. The field-in-
duced aggregate dissociation should weaken the
quenching effect; in other words, the emission intensity
becomes stronger as the dimer separation progresses.
When the field strength is increased to 3 x 10° V. m~—1,
the strong field may render the chromophores partially
charged. The repulsion and attraction of the charged
species may now well separate the dimers to a larger
extend, thus blue shifting the emission spectrum. The
charged species may effectively neutralize the charges of
the excitons and hence considerably reduce the intensity
of the light emission. When the field strength reaches
3.67 x 10° V. m~!, the aggregate dissociation and the
chromophore reorientation processes may approach
completion, creating an equilibrium state in which the
chromophores partially overlap in the three-dimen-
sional space with their long axes aligning along the
direction of the applied field, as schematically illus-
trated below. Further increase in the field strength may
not alter the intermolecular interaction to a great ex-
tend, accounting for the small change in the spectral
profile and emission intensity in the high fields.
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In a control experiment, we applied ac fields (50 Hz)
of different strengths to the polymer solution but ob-

served no changes in the photoluminescence. This
shows the overwhelming importance of the directional-
ity over the strength of the field and supports the
proposed mechanism involving the directional aggregate
dissociation and chromophore alignment induced by
the dc field.

In summary, in this study, we succeeded in tuning the
wavelength (color) and intensity (brightness) of the
light emitted from a solution of a liquid crystalline
polyacetylene by electrical field. Of particular interest is
the quenching of the light emission by the external field.
We are currently working on the optimization of the
field quenching process, with the aim of developing an
optical switching system, whose emission can be
sharply, completely, and repeatedly quenched by the
application of an electrical field of low voltage.
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