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中、英文摘要及關鍵詞(keywords)

我們利用 325nm 的 He-Cd 雷射做為激發光源，作用於奈米粒子摻雜於液晶材料中，觀測螢光光譜。隨

著摻雜奈米粒子的重量百分比濃度增加，螢光強度有先增強後衰減的趨勢。螢光強度的增強為摻雜奈

米粒子後，散射面積的增加，而後衰減的情形為奈米粒子產生聚集的現象。當掺雜的奈米銀粒子濃度

低時，液晶的螢光經由粒子的散射使螢光訊號增強，此為粒子之表面積效應所造成的結果。當濃度漸

漸增加，奈米粒子因為濃度過高而產生聚集的效應而此效應破壞了液晶排列的次序性以及聚集使奈米

粒子的表面積減少，所以使得螢光逐漸的減弱。我們改變液晶導軸與激發光偏振的相對方位，發現螢

光峰值強度會隨著角度增加而減弱，因液晶長軸與短軸對偏振光的吸收程度不同，而產生螢光強度的

差異。掺雜不同粒徑的奈米銀粒子，發現液晶的螢光訊號皆會隨著摻雜濃度有先上升後下降的趨勢。

螢光光譜、奈米粒子、液晶

The photoluminescence of nematic liquid crystals doped with silver nanoparticles has been investigated. The
peak intensity of photoluminescence varies with the concentration of doped silver nanoparticles. The peak
intensity of photoluminescence shows the enhancement effect in the range of concentration from 0% to1%
and the quenching effect in the range of concentration from 1%~4%. The photoluminescence can be enhanced
around 55% for silver nanoparticles with 88nm in diameter.

Key words: Photoluminescence, silver nanoparticles, nematic liquid crystals
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INTRODUCTION
The influence of nanoparticle on the optical phenomena has received much attention in the last decade [1–4].
An increase of luminescence intensity of dye molecules at the presence of metal nanoparticles has been
observed in the early 80’s [5–7]. Later, the enhancement and modification of the emission of dye molecules
and trivalent rare-earth ions adsorbed onto rough metallic surfaces has been the subject of intense interest
[8–11]. Noginov demonstrated that the efficiency of spontaneous and stimulated emission can be enhanced by
adding the solution of aggregated silver nanoparticles to the solution of rhodamine 6G dye [12]. More recently,
Hung reported the observation of an enhanced optical diffraction in cholesteric liquid crystals due to the
presence of silver nanoparticles [13]. In this work, we report the photoluminescence of nematic liquid crystals
doped with silver nanoparticles. The dependence of photoluminescence on the concentration of silver
nanoparticles has been performed. The enhancement of photoluminescence has been demonstrated by doping
nematic liquid crystals with an appropriate concentration of silver nanoparticles.

EXPERIMENTAL

The material investigated was pentyl-cyanobiphenyl (5CB) liquid crystals doped with silver nanoparticles.
The size of silver nanoparticles is approximately 88nm in diameter and the weight concentration of silver
nanoparticles ranges from 0~4.0%. The nematic liquid crystals doped with silver nanoparticles were
capillarity injected into the sample cell, which was assembled from a pair of glass substrates coated with
transparent indium tin oxide layers and spaced by a pair of 5.4-mm-thick Teflon sheets. The homogeneous
planar alignment of the nematic liquid crystals was achieved by spin-coating a thin layer of polyimide on the
inner surface of the front glass substrate, which was mechanically rubbed with a velvet cloth unidirectionally.
The helium-cadmium laser with the wavelength of 325nm was employed as the excitation beam operated at
an approximate power of 1 mw. The polarization of the excitation beam was maintained parallel to the
director of nematic liquid crystals. The spectra of photoluminescence were measured with Jobin-Yvon
T64000 spectrofluorometer at room temperature, as shown in Figure 1.

RESULTS AND DISCUSSION
The photo-induced luminescence of nematic liquid crystals was performed under the excitation of
helium-cadmium laser operated at 325 nm. The photoluminescence of pure nematic liquid crystals revealed a
purple-blue image, as shown in Figure 2. The photoluminescence spectrum of nematic liquid crystals without
doping nanoparticles was recorded from 350nm to 500 nm. The peak position of photoluminescence was
located at around 389 nm. In order to investigate the behavior of nanoparticles in the photoluminescence
of nematic liquid crystals, the dependence of photoluminescence on the concentration of silver nanoparticles
was performed. The photoluminescence spectra of nematic liquid crystals doping with various concentrations
of silver nanoparticles were recorded for the particle size of 88 nm in diameter, as shown in Figure 3. The
photoluminescence spectra of nematic liquid crystals in the presence of silver nanoparticles have the same
profile as the spectrum of pure nematic liquid crystals. The peak intensity of photoluminescence as a function
of concentration is shown in Figure 4. The peak intensity of photoluminescence increases with the increasing
concentration of silver nanoparticles in the range of concentration from 0%~1%. The peak intensity of
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photoluminescence reaches the maximum at the concentration of 1% and shows the enhancement of intensity
around 55%. The peak intensity of photoluminescence decreases with the further increasing concentration of
silver nanoparticles in the range of concentration from 1%~4%. The enhancement of the peak intensity of
photoluminescence is attributed to the effect of local surface plasmon resonance in the range of concentration
from 0%_1%. The local surface plasmon resonance effect of silver nanoparticles in the host of nematic liquid
crystals becomes more obviously as the concentration of silver nanoparticles increases in this range of
concentration. The decay of the peak intensity of the photoluminescence is attributed to the effect of energy
transfer between nematic liquid crystals and doped silver nanoparticles in the range of concentration from
1%~4%. The partial energy of nematic liquid crystals transferring to the silver nanoparticles results in the
reduction of photoluminescence intensity. The rate of energy transfer becomes higher as the concentration of
silver nanoparticles increases in this range of concentration. Thus, the peak intensity of photoluminescence
decreases with the increasing concentration of silver nanoparticles in the range of concentration from 1%~4%.

CONCLUSIONS
We have demonstrated that the photoluminescence of nematic liquid crystals can be enhanced by doping an
appropriate amount of silver nanoparticles. The photoluminescence depends on the concentration of doped
silver nanoparticles. The peak intensity of photoluminescence increases with the increasing concentration of
silver nanoparticles up to certain concentration, and then decreases as the concentration increasing further.
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Figure captions:
1. The experimental setup of the photo induced luminescence of nemalic liquid crystals measured with

Jobin-Yvon T64000 spectrofluorometer.
2. The image of purple-blue luminescence from nemalic liquid crystals under the excitation of 325 nm.
3. The photoluminescence spectra of nemalic liquid crystals doped with various concentrations of silver

nanoparticles (88nm in diameter) with
the director parallel to the polarization of excitation beam.

4. The peak intensity of photoluminescence as a function of concentrations of silver nanoparticles.
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Fig. 1
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Fig. 2
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Fig. 3
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Fig. 4
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