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The modulation of photoluminescence of conducting polymers using Au colloids was studied for poly(3-
hexyl thiophene) (P3HT) and poly(2-methoxy-5-(2-ethyl)(hexyloxy) 1,4-phenylenevinylene) (MEHPPV).
The extent of modulation can be explained by the extinction of Au colloids and quantum yield of polymer
solution. Two types of Au colloids were investigated: nanocluster (~100 nm) and nanoparticles (~5 nm).
The addition of the Au nanocluster into either one of the polymer solutions (0.08 wt.%) increases the
photoluminescence (PL) of each polymer due to the scattering effect from the Au surface plasmon res-
onance. In contrast, the addition of Au nanoparticle which surface plasmon resonance comes from the
absorption component causes a PL quenching. We have observed the PL intensity remains unchanged
for P3HT but decreases for MEHPPV. The low quantum yield characteristic of P3HT has stronger polymer
interactions than that of MEHPPV, this reduces energy transfer to Au nanoparticles, then dissipates fur-
ther into heat with no decrease in PL. The polymer interactions are minimized using a dilute polymer
solution (1.48 x 10~> wt.% for MEHPPV and P3HT respectively). In this case, the nonradiative decay rate of
Au colloids becomes dominant, the decrease of PL is observed for both polymers. The photoluminescence
of conducting polymer can be modulated by controlling the interactions among polymers and Au colloids.
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1. Introduction

Conducting polymers have attracted a great deal of attention
because of their potential for fabricating large area and flexi-
ble electronics such as in polymer light-emitting diodes (PLED).
Improving the fluorescence intensity of these conducting polymers
has become a very important issue in the field of PLED. Recently,
localized surface plasmons excited on metal particles have come
under intense scrutiny, because they greatly enhance local elec-
tromagnetic field near the surfaces of particles. Surface-enhanced
Raman scattering (SERS), in particular, exploits such large local
fields, e.g., in the study of molecules [1-5] or polymers [6] adsorbed
on metal nanoparticles or on rough surfaces of Au, Ag, and Cu.
However, in contrast to the inelastic Raman process, the details of
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the role that surface plasmons play in photoexcited fluorescence
involving surface plasmons and emitter (e.g. dyes [7-12], semi-
conductors [13-15], and conducting polymers [16]) is still under
debate. A competition exists between the enhancement of a local
field and the energy transfer from the excited emitter to the metal
particles or film. This phenomenon is complex and requires fur-
ther investigation by experimentation and detailed analysis. The
interplay is expected to depend strongly on the size and shape of
the metal and emitter. However, experimental reports from many
different particle arrangements vary widely in terms of reported
fluorescence enhancement or quenching and are not always accom-
panied by fully transparent physical arguments. Although organic
elements are very important materials in the fabrication of light
emitting diode (LED), there are few discussions in the literature
regarding the photoluminescence (PL) phenomena between the
conducting polymers and their surface plasmon resonances [16].
Instead, many reports focus on the optical properties between dyes
and metals [7-12].

Here we report the PL properties of conducting polymers that
include Au colloids. Previous reports suggest the enhancement
of fluorescence intensity strongly depends on the quantum effi-
ciency (QE) of the dye molecule [11,12]. We have found the similar
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phenomena observed in conducting polymers. We also find that the
surface plasmon coming from the dominant scattering component
or absorption component has a very different influence on the PL
intensity of polymer. When the plasmon resonance arises from the
scattering component, the PL of conducting polymer is enhanced.
In contrast, the absorption component does not enhance PL. Our
experimental results are consistent with the theory proposed for
dye molecule with nanostructured metal [9,11,12]. We have found
that the control of plasmon resonance frequency of metal colloids
to match with the emitting range of polymer and the quantum effi-
ciency of polymer are especially important to realize an efficient
enhancement in polymer fluorescence.

2. Experimental

All inorganic chemicals were purchased from Acros Chemi-
cals (Belgium) and used without further purification. We modified
O'Brien’s method [17] to synthesize Au nanoparticles. A gold
nanoparticle precursor solution was prepared by dissolving 0.03 g
HAuCly-3H,0 in 1-2ml of tri-n-butylphosphine. A reaction flask
containing 6 g trioctylphosphine oxide (TOPO), 3 g hexadecylamine,
and 0.1g NaBH, was heated to 190°C under Ar environment.
The precursor solution was injected quickly into a reaction flask
and the temperature was also kept at 190°C for 30min. The
nanoparticles were precipitated out by adding methanol (20g)
then redissolved in toluene. The morphology of Au nanoparticles
can be controlled by the injection volume of tri-n-butylphosphine.
For example, 2 ml of tri-n-butylphosphine resulted in clusters of
Au nanoparticles, and 1ml of tri-n-butylphosphine resulted in
isolated Au nanoparticles. The P3HT and MEHPPV were ordered
from Aldrich Chemical Company (U.S.A.). The P3HT was dis-
solved in toluene to make a 0.08 and 1.48 x 10> wt.% respectively.
The MEHPPV was also dissolved in toluene to make a 0.08 and
1.48 x 10~°> wt.% respectively. The Au nanoparticle was added into
the polymer solutions (P3HT or MEHPPV) to make the Au con-
centrations 3.06 x 1074, 1.22 x 1073, 3.67 x 103, 6.11 x 103, and
8.56 x 10~3 wt.% respectively. The extinction spectra of the solu-
tion were studied by using HEAIOS-vy, Thermo Spectronic Company
(US.A.). The PL spectra of the solutions were studied by using
LS55, PerkinElmer Company (U.S.A.). The exciting wavelength of
PL was 400 nm. The morphology of Au nanoparticle was studied
by transmission electron microscopy (TEM), JEM-1230, JOEL Com-
pany (Japan). Time-resolved PL spectroscopy was performed with
a time-correlated single photon counting (TCSPC) spectrometer
(Picoquant, Inc.). A pulse laser (375 nm) with an average power
of 1 mW operating at 40 MHz with duration of 70 ps was used for
excitation.

Quantum yields of the polymers (P3HT and MEHPPV) with
Au clusters or Au nanoparticles were determined relative to
4-(dicyanomethylene)-2-methyl-6(p-dimethylamino-styryl) 4H-
pyran (DCM, laser grade, Exciton) in methanol according to the
following equation[18]:

Q= Qoew (1= ) (M) (ng;) (1)

where the quantum yield Qpcy for DCM in methanol is taken as
0.44[19],1is the integrated intensity of sample over the wavelength
region of 500-700 nm, Ipcy is the integrated intensity of DCM in
methanol over the wavelength region of 500-700 nm, Apcy is the
DCM absorbance at 400 nm (exciting wavelength), A is the sam-
ple absorbance at 400 nm, n is the refractive index of toluene used
in sample, and npcy is the refractive index of methanol used in
DCM.
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Fig. 1. Extinction spectrum of isolated Au nanoparticles, the inset shows the TEM
of isolated Au nanoparticles.

3. Results and discussion

Two types of Au colloids were used in this study: nanoparticles
and nanoclusters. The Au nanoparticles are isolated particles having
sizes that range from 5 to 20 nm and exhibit surface plasmon res-
onance at 520 nm (Fig. 1). The Au clusters are the aggregates of Au
nanoparticles with sizes larger than 50 nm (Fig. 2). When the inter-
particle distance is comparable to or less than the particle size, the
interactions between particles play a significant role in the opti-
cal response [20-22]. The Au nanoparticles attract each other by
dipole-dipole interactions when they near each other. Often these
interactions are interpreted using electrostatic concepts, where
the interaction of parallel collinear dipoles typically leads to red-
shift of the plasmon wavelengths, while parallel but noncollinear
dipoles produce blue-shift plasmon wavelengths [20,21]. From var-
ious theoretical and experimental results [20-22], the full width
at half maximum (FWHM) of the extinction peaks increase when
the metal nanoparticles aggregate. In our experiments, the surface
plasmon resonance of Au clusters is red shifted from Au nanoparti-
cles to ~600 nm (Fig. 2). Blue-shifted plasmon wavelengths of the
noncollinear dipoles were not observed. The broad 600 nm peak
may result from the noncollinear dipole peak overlapping with the
collinear dipole peak.
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Fig. 2. Extinction spectrum of Au clusters, the inset shows the TEM image of Au
clusters.
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We investigated the effects of the surface plasmon of Au clus-
ters or Au nanoparticles on the PL intensity of conducting polymers.
For the P3HT solution containing Au colloids, the concentration
of the P3HT was kept at 0.08 wt.% in toluene and the concentra-
tions of Au clusters or Au nanoparticles were varied at 3.06 x 1074,
1.22 x 1073, 3.67 x 1073, 6.11 x 1073, and 8.56 x 103 wt.%, respec-
tively. The PL intensity of P3HT solution containing Au clusters
increased three fold over that of the pure P3HT solution (Fig. 3(a)).
However, the PL intensity of P3HT did not increase when we
added the isolated (unclustered) Au nanoparticles into the solu-
tion (Fig. 4(a)). Similar experiments were also done for MEHPPV.
To our surprise, the addition of clusters or Au nanoparticles into
the MEHPPV did not provide the same results as the P3HT. PL
quenching was observed when the concentration of Au nanoparti-
cles was increased (Fig. 4(b)). The PL intensity of MEHPPV increases
initially but decreases to original intensity at certain Au clus-
ter concentrations (Fig. 3(b)). We will explain the phenomenon
why the PL enhancement of the P3HT is much stronger than
that of MEHPPV in the presence of Au clusters and why the PL
quenching is observed in the polymer solution containing Au
nanoparticles for MEHPPV but not for P3HT in the following sec-
tions.

From the models proposed for the behaviors of fluorescence
molecules with metal nanostructure systems [9,11-12,23-26],

(a) 260
240
220
2004
1804
160
140
1204
100
804
604
40
204
0

PL intensity

L) 1 L) T
500 550 600 650 700
wavelength (nm)

PL intensity
n
=]
<

T . T T T K L v i
500 550 600 650 700
wavelength (nm)

Fig. 3. PL spectra of high concentration (0.08 wt.%) of (a) P3HT solution and (b)
MEHPPV solution with or without Au clusters. The black curves represent pure P3HT
and MEHPPV respectively (B). The concentration of Au clusters in each sample is
3.06 x 10~4%(@),1.22 x 103%(A),3.67 x 103%(¥),6.11 x 10-3%(+ ),8.56 x 10-3%
().
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Fig. 4. PL spectra of high concentration (0.08 wt.%) of (a) P3HT solution and (b)
MEHPPV solution with or without Au nanoparticles. The black curves represent pure
P3HT and MEHPPV respectively (W). The concentration of Au nanoparticles in each
sample is 3.06 x 1074% (@), 1.22 x 1073% (A ), 3.67 x 10-3% (¥ ), 6.11 x 1073% (+ ),
8.56 x 10-3% ().

three major electronic plasmon resonance effects are expected for
conducting polymer containing nanoparticles. First, the strengths
of the local excitation fields are increased by the morphology
and dielectric properties of Au nanoparticles through the excita-
tion of electronic plasmon resonances. This enhancement can be
explained by the metal particles ability to concentrate the intensity
of local excitation. The local field induces an absorption enhance-
ment for the polymers [11]. Second, the polymer excited state
would also have an additional nonradiative decay channel when
the polymer is near the nanoparticles. This damping effect arises
from the out of phase dipolar component of the induced macro-
scopic polarization in the nanoparticle, as well as from the higher
order, nonradiating induced multi-poles because the nanoparticles
are in the near field of the polymer dipoles [27]. The third effect is
that the nearby metal can increase the intrinsic radiative decay rate
of the polymer fluorophore. The radiative yield and the lifetime of
the fluorophore in the absence of a metal surface are described by
Qo=T"[(I" +knr) and (I" + knr)~! respectively, where Qg, I" and kp;
are the radiative yield, radiative decay rate, and nonradiative decay
rate, respectively. It follows that the radiative rate can be increased
by the addition of a new rate I, in the presence of a nearby metal
surface, and the metal surface also causes the fluorophore to have
another quenching effect, k. In this case the radiative yield and
lifetime of the fluorophore near the metal surface can be described



294 L-S. Liu et al. / Journal of Photochemistry and Photobiology A: Chemistry 199 (2008) 291-296

by the following equations [9,12,23,25]:

(I' + I'm)
= 2
Qm (I' + I'm + knr + km) 2)
Tm=(F+Fm+kr1r+km)_l (3)

As the value of I'y increases to exceed that of kn, the radiative
yield increases while the lifetime decreases. Therefore, the emis-
sion dipole in the polymer will induce a macroscopic polarization
in the nanoparticles (or clusters) which becomes large near the fre-
quency of the electronic plasmon resonances. The in-phase dipolar
component of this response increases the total emission dipole,
resulting in a concomitant increase in the radiative emission rate.
This electromagnetic interaction reflects the coupling of polymer
dipole to the macroscopic dipole in the nanoparticle and then to
the emitted radiation field.

The extinction coefficient of metallic colloids consists of two
components, absorption and scattering [28]. The relative contribu-
tion from absorption and scattering depends on the type of metal,
the size and the morphology of the colloids. The extent of the
plasmon that can radiate into the far-field is characterized by the
scattering component of the extinction [22,26]. Oscillating charges
on the colloid surfaces induced by the incident light can radiate the
energy as a far-field electromagnetic wave. Therefore, the scatter-
ing component will enhance fluorescence, while the absorption of
the colloids will quench fluorescence [22,26]. Unlike the extinction
of nanoparticles which is dominated by the absorption component,
the increased extinction of aggregated colloids at long wavelengths
is dominantly by the scattering component [22]. This implies that
the enhanced fluorescence will occur as interacting colloids dis-
play a longer wavelength extinction. It was previously reported
that aggregated colloids can display broadband and highly con-
fined near field intensity enhancements comparable to isolated
spheres [29,30]. They attribute an increase of emission intensity
of fluorophore to an increase in the absorption efficiency caused
by the field enhancements [30]. From Fig. 1, the peak of the extinc-
tion spectrum (530 nm) of Au nanoparticles mainly comes from the
absorption component [28]. The addition of Au nanoparticles may
cause the PL intensity of polymer quenching or non-enhancement.
The PL intensity of P3HT remains almost the same regardless the
concentration of Au nanoparticles (Fig. 4(a)). However, the PLinten-
sity of MEHPPV is quenched by the addition of Au nanoparticles.
The extent of quenching increases with the concentration of Au
nanoparticles (Fig. 4(b)). On the other hand, the peak at 600 nm
in Fig. 2 mostly comes from the scattering component which will
enhance the PL intensity of polymer (Fig. 3). When the extinc-
tion peak of Au particles is tuned to match with the emitting
range of conducting polymers, a surface plasmon resonance effect
exists. The role of this resonance is to amplify the electromag-
netic intensity at the location of the conducting polymers, at both
the fluorescence and the incident frequencies. Because plasmon
and fluorescence emitting frequency are matched, the amplified
electromagnetic intensity of emitting light is much stronger than
that departed from the frequency. Another contributor to this phe-
nomenon is that matching the surface plasmon with emitting
frequency induces an increase in the radiative rate of conducting
polymer. Given the above reasons, amplified fluorescence intensity
can be observed in the far-field.

The ratio of the fluorescence intensity observed from conducting
polymers near Au colloids surfaces to that from pure conducting
polymers can be described by the product of two terms as shown
in below [9,12,23-26]:

Y ~ |L(wex)*Z(wem ), (4)

where the first term |L(wex )| describes the absorption enhance-
ment which is proportional to the local field intensity of incident
light. This term is the enhancement of local electromagnetic field
intensity that approaches to the nanosized Au colloids at the excita-
tion frequency wex. It represents that the ability of the Au colloids
concentrate the electromagnetic field when the excitation wave-
length becomes resonant with the surface plasmon of the Au
colloids. The second term Z(wex) describes the relative radiative
yield of the excited conducting polymer containing Au colloids.
The radiative decay rate of the coupled system consisting of Au
colloids and conducting polymers is proportional to the square of
the local field enhancement factor |L(wem)|?, at the fluorescence
frequency wem [31]. In the coupling between the polymer dipole
and the Au colloid, the Au colloid can radiate a photon before the
excitation is dissipated by nonradiative pathways within the poly-
mer. In the absence of metal colloids, the radiative yield is given as
Qo =TI"|(I" + k). The radiative yield is given by Eq. (2) in the pres-
ence of the Au colloids. The presence of a nearby metal surface
increases the radiative rate by adding a new rate I, but the metal
surface also causes the fluorophore to have another quenching non-
radiative effect, k. The former enhances the radiative yield and
the latter causes the quenching. If the polymer has a high quantum
yield, the quantum yield cannot be substantially increased with the
additional radiative decay rate. In this case, where energy transfers
to the Au colloids, dissipation dominates, and Z(wem ) Will be less
than one. In contrast, the Z(wem) will be as large as 1/Qq in the
low quantum yield polymer [32]. This suggests that the PL inten-
sity of polymers with low fluorescence can be increased if they are
positioned near the Au colloids.

The regioregular P3HT, in which the alkyl side groups are
attached to the third position of the thiophene rings in a head-
to-tail stereoregular order, forms thin film with nanocrystalline
lamellae [33-39], resulting in relatively high hole mobilities of
0.1 cm?2/V's [35]. Charge carriers in the regioregular P3HT lamellae
become delocalized over several polymer chains, which is consis-
tent with the high hole mobility that has been studied by linear and
nonlinear optical spectroscopies in detail [35-39]. Several groups
have found evidence that photoexcitation in PPV polymers pro-
duces mainly intrachain singlet excitons [40-44]. Greenham et al.
[40] found a consistent relationship between the radiative lifetime
and PL quantum yield, and PL decay time for the films of several
PPV derivatives, including MEHPPV, leaving no room for significant
branching to an interchain species. Stagira et al. [41] reported that
most of the photogenerated singlet excitons (intrachain) in the PPV
film recombine to form light, and rare excitons relax to charge trans-
fer state to transfer other chains (interchain). Rughooputh et al. [45]
found that two coexisting phases are P3HT polymer in solution and
in microcrystalline aggregates. Here we assume that some of P3HT
polymer chains aggregate in the solution, allowing for interchain
interactions. On the other hand, only intrachain interactions are
present in the MEHPPV. It is possible that the excitons of pure P3HT
excited by light could transfer from one chain to another chain eas-
ily and result in a lower quantum yield as compared with that of
pure MEHPPV. The quantum yield of each sample is summarized
in Table 1. The quantum yield of MEHPPV (0.42) is higher than that
of P3HT (0.23). The results are consistent with literature data of
0.1-0.7 [46-48]. Since the interaction of MEHPPV polymer chains is
weak, the dipole in the polymer chain can recombine without much
energy transferring from one chain to another. With the addition of
Au nanoparticles into the MEHPPV, many dipoles in MEHPPV chains
induce nanoparticles electric plasmon resonances into heat dissi-
pation rather than re-radiative light. The value of k; may be very
large and as a result, the large value kp, in Eq. (2) reduces the quan-
tum yield of MEHPPV. Therefore, the quantum yield of MEHPPV
decreases from 0.42 to 0.31 with the addition of Au nanoparticles
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Table 1
Exciton lifetime and quantum yield of conjugated polymers with or without Au
colloids

Sample? Lifetime (ns) Quantum yield
P3HT 0.75 0.23
P3HT + Au nanocluster 0.60 0.57
P3HT + Au nanoparticles 0.74 0.22
MEHPPV 0.53 0.42
MEHPPV + Au nanocluster 0.45 0.58
MEHPPV + Au nanoparticles 0.46 0.31

2 The concentration of polymer is all kept at 0.08 wt.%. The concentration of Au
colloid is all kept at 3.67 x 10~3 wt.%.

(Table 1). On the other hand, the interaction between P3HT poly-
mer chains is strong and the dipoles in P3HT chains are largely
unaffected by the Au nanoparticles. The value of ky, coming from
the adding of Au nanoparticles is unlikely to increase. The quan-
tum yield of P3HT remains almost the same (from 0.23 to 0.22,
Table 1) after the addition of Au nanoparticles. For the Au nan-
oclusters added polymer systems, because the quantum yield of
P3HT is small, the amount of k,; is commeasurable to I'g. The
I'm term in Eq. (2) dominates when [, is much larger than kp
in P3HT system and the Z(wem) is larger than one. From Table 1,
the quantum yield of P3HT increases from 0.23 to 0.57 with the
addition of Au nanoclusters. The quantum yield of MEHPPV also
increases from 0.42 to 0.58 with the addition of Au nanoclusters.
The increasing of quantum yield of P3HT is much larger than that of
MEHPPV. This implies that the term Z(wem ) for MEHPPV is smaller
than that of P3HT when the Au nanoclusters are added into each
polymer. Thus, the clusters can increase the PL intensity of P3HT
three fold, but marginally enhance the PL intensity of MEHPPV. The
exciton lifetime of P3HT and MEHPPV with either Au nanocluster
or nanoparticles are measured by time resolved PL and the results
are also included in Table 1. The exciton lifetime of both polymers
were decreased by adding Au nanoclusters which is directly related
to an increase in I'y,. However, the addition of Au nanoparticles to
the polymer solution exhibited different lifetime for different poly-
mers. The absorption effect of Au nanoparticles and the energy
transfer from MEHPPV to Au nanoparticles increased the kn, and
thus the lifetime of MEHPPV was decreased. In contrast, the life-
time of the P3HT system remained similar. The interaction between
P3HT polymer chains is greater than that between Au nanoparticles.
Thus, the energy cannot be transferred from P3HT to Au nanopar-
ticles and has no subsequently increased k.

Two effects of surface plasmon on fluorophore: one is the
energy, transferring from the metal particles to fluorophore, which
causes the PL intensity enhancement of the fluorophore; the other
is the energy, transferring from the fluorophore to the metal par-
ticles, which causes the PL intensity quenching of the fluorophore.
Although the scattering effect of Au nanocluster causes the increase
of PL intensities of both P3HT and MEHPPV (Fig. 3), the PL inten-
sity of polymer also is affected by its quantum yield. Because the
quantum yield (Table 1) of MEHPPV (0.42) is higher than that of
P3HT (0.23), the scattering effect of Au nanocluster on conjugated
polymer which causes the PL intensity enhancement of P3HT is
higher than that of MEHPPV (Fig. 3). Therefore, the energy transfer-
ring from Au nanocluster to P3HT is higher than that to MEHPPV.
To prove the differences in PL phenomena between MEHPPV and
P3HT s due to the different quantum yield of each polymer, we tried
to control its quantum yield by adjusting the polymer concentra-
tion. As the polymer concentration is diluted, its quantum yield is
increased and interaction between the polymer chains decreases.
The dilution also increases the free volume between polymer chains
and the transfer of excited electrons between the polymer chains is
diminished. Thus, the dipole will be confined in one polymer chain

without any transformation. This allows us to increase the quantum
yield by diluting the polymer concentrations. The concentrations of
MEHPPV were diluted and kept at 1.48 x 10~ wt.% in toluene. The
quantum yield is calculated according to Eq. (1) by using DCM dye
as a standard and it is increased to 0.84. The quantum efficiency
of many organic molecules can be close to 100% in dilute solu-
tions. There have been reported on laser emission from MEHPPV
diluted solution (the quantum yield is about 1) and from the diluted
blend film of MEHPPV and polystyrene, where the polymer chains
are isolated [49,50]. The higher efficiency of the radiative recom-
bination will be when the polymer molecules are more separated
spatially in the more dilute solution [49]. The concentrations of Au
nanoparticles clusters in the polymer solution were 3.06 x 1074,
1.22x 1073, 3.67 x 1073, 6.11 x 103, and 8.56 x 103 wt.% respec-
tively as before. The PL results are shown in Fig. 5(a). We observed
the PL quenching phenomena as we using high quantum yield
of dilute MEHPPV solution. The quantum yield of MEHPPV with
the addition of Au nanoclusters (3.67 x 10-3%) is 0.57. Most MEH-
PPV chain is surrounded by solvent molecules (toluene) before the
adding of Au colloids. However, after the adding of the Au nanoclus-
ters, the environment of each MEHPPV chain will be surrounded
by many Au colloids. Although the scattering effect of Au nanoclus-
ters cause the PL intensity enhancement, each polymer chain is
surrounded by Au colloids, most of dipoles in the MEHPPV chains
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caninduce the nanoparticles to form plasmon resonances, and then
further dissipate into heat. Energy transfer from polymer to Au nan-
ocluster is higher than that from Au nanocluster to polymer, thus
the PL intensity is quenched. Therefore, we expect the ky, in Eq. (2)
of dilute MEHPPV is larger than that of high concentration MEHPPV
(0.08 wt.%), thus ky, is larger than I'y,. From Eq. (2), the ratio, Qm,
decreased as we diluted the MEHPPV concentrations and accord-
ingly, we found the PL quenching phenomena (Fig. 5(a)). The result
is agreed with literature. If the fluorophore has a high quantum
yield, the additional radiative decay rate (/') cannot substantially
increase the quantum yield. Thus, the energy transfer quenching
to the metal will dominate [9]. The same experiment was done
for the P3HT system and the quenching effect was also observed
(Fig. 5(b)). The quantum yield of dilute P3HT (1.48 x 10~>%) is 0.82
that is decreased to 0.58 after the addition of Au nanoclusters
(3.67 x 1073%). As described above, the PL quenching phenomena
could be seen both from the increasing of quantum yield of P3HT
and mismatching the emitting range with the plasmon resonances.

4. Conclusion

We have studied the optical relationship between conducting
polymers and Au colloids. Two mechanisms, surface plasmons res-
onance and energy transfer from conducting polymer to Au colloids,
control the PL property of polymer. The addition of Au nanoparticle
colloids into the polymer solution increases the absorption rate and
the emitting rate of conducting polymer. When the emitting fre-
quency of the conducting polymer matches the electric plasmons
scattering frequency of Au nanocluster colloids, the emitting inten-
sity of the conducting polymer is enhanced. In contrast, quenching
of the conducting polymer emission is observed when the energy
from the conducting polymer is absorbed by Au nanoparticle col-
loids, without radiating into far-field. Therefore, we can modulate
the PL intensity of conducting polymer by adjusting the polymer
concentration, adjusting the morphology of the colloids or by using
the combination of both factors.
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