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ABSTRACT: The objective of this work is to demonstrate that 

conjugated polymer:fullerene hybrid nanoparticles encapsulated in the 

hydrophobic cores of triblock copolymer micelles may successfully act 

as spatially confined donor−acceptor systems capable of facilitating 

photoinduced charge carrier separation. To this end, aqueous 

dispersions of poly[2-methoxy-5-(2-ethylhexyloxy)-1,4-phenylene-

vinylene] (MEH-PPV) nanoparticles were first prepared by solubiliza-
tion of the polymer in the cores of poly(oxyethylene)−poly(oxy-
propylene)−poly(oxyethylene) triblock copolymer, Pluronic F-127 

micelles. A number of significant optical spectroscopic changes were 
observed on transfer of the conjugated polymer from a nonaqueous 

solvent to the aqueous micellar environment. These were primarily 

attributed to increased interchain interactions due to conjugated 

polymer chain collapse during encapsulation in the micellar cores.  
When prepared in buffer solution, the micelles exhibited good long-term collodial stability. When MEH-PPV micelles 

were blended by the addition of controlled amounts of [6,6]-phenyl-C61-butyric acid methyl ester (PCBM), the observed 
correspondence of photoluminescence emission quenching, quantum yield decreases, and emission lifetime shortening 
with increasing PCBM concentration indicated efficient photoinduced donor-to-acceptor charge transfer between MEH-
PPV and the fullerenes in the cores of the micelles, an assignment that was confirmed by transient absorption 
spectroscopic monitoring of carrier photogeneration and recombination.  

  INTRODUCTION  
Hybrid materials that combine semiconducting conjugated 

polymers with either inorganic (nanoparticles or semiconductor 

quantum dots) or organic (polymers or small molecules) 

components as nanocomposites are important candidates for 

applications ranging from sensing to optoelectronics and energy 

conversion.
1−3

 For example, nanocomposites based on conjugated 

polymers and colloidal quantum dots are key candidates for 
applications in bulk heterojunction solar cells, photodetectors, and 

light-emitting diodes.
4−6

 With respect to the photovoltaics 

application, nanocomposites of conjugated polymers and the 

electron acceptor [6,6]-phenyl-C61-butyric acid methyl ester 

(PCBM) have also shown significant promise.
7,8

 Future 

development and optimization of these hybrid materials will 

require a deeper understanding of the critical processes, such as 

light absorption, energy transfer, and charge transfer, which occur 
in such systems.  
One possible way to facilitate these studies may be to create 

model systems, composed of the relevant material building 

blocks arranged in a controlled manner, which are amenable to 

 
 
detailed experimental investigations. In this regard, there is 

significant current interest in studying nanoparticles of 
conjugated polymer-based nanocomposites because they 
present systems in a state intermediate between that of a small 

number of molecules and a bulk material.
9,10

 As such, 

nanoparticles of these hybrid materials may offer the 
functionality that is available from bulk materials while 
providing reduced heterogeneity of properties as well as 
attractive strategies for the formation of active layers and 

heterojunctions in practical devices.
11,12

 In this context, 

formation of composite nanoparticles of poly[2-methoxy-5-(2-
ethylhexyloxy)-1,4-phenylenevinylene (MEH-PPV) or poly(3-
hexylthiophene-2,5-diyl) (P3HT) with PCBM, by reprecipita-
tion of the materials from a good solvent into water, followed 
by characterization of their structural and photophysical 

properties, along with demonstration of photoinduced charge 

 

  



 

transfer, has already been reported.
13,14

 Further, preliminary 

applications of such nanoparticles to fabrication of bulk 
heterojunction photovoltaic devices have also been re- 
 

ported. 
 

An alternative synthetic approach to the controlled formation of 

nanoparticles of nanocomposites is to exploit the tendency of 

amphiphilic block copolymers to self-assemble into nano-sized 

micelles, the interiors of which may be used to spatially localize 

or encapsulate selected molecules, polymers, or 
 

particles. For example, diblock copolymer micelles have 
 

been employed as tools for the rational control of energy transfer 

processes involving metallic nanoparticles and dye molecules by 

spatial engineering of donor and acceptor 
 

locations and separations. Importantly, the use of block  

copolymer micelles as hosts for emissive conjugated polymers, 

with exciting applications to fluorescence-based cellular imaging 

and biosensing, has also recently been reported.
21,

 
22
 In addition, 

the self-assembly of micellar aggregates has been successfully 

used a vehicle for the encapsulation and controlled positioning of 

both semiconductor quantum dots and full-erenes, 

respectively.
23,24

 At the next level of structural complexity, co-

organization of both conjugated polymers and quantum dots has 

been achieved using the amphiphilic block copolymer assembly 

approach, with preliminary evidence of electronic energy transfer 

interactions being presented, while the incorporation of micellar 

assemblies consisting of conjugated diblock copolymers linked 

with PCBM derivatives 
 

into prototype photovoltaic devices has also been reported. 
 

In this paper, we report on the preparation of stable aqueous 

dispersions of conjugated polymer nanoparticles based on the 
well-known polymer MEH-PPV and the characterization of the 

structural and photophysical properties of these particles both 
in the pure form and when blended by addition of known 

amounts of PCBM. To this end, MEH-PPV nanoparticles were 
prepared using a micellization approach by solubilization of 

the conjugated polymer in the hydrophobic cores of triblock 
copolymer micelles based on the commercial surfactant 

Pluronic F-127 (hereinafter referred to as F-127). This 
amphiphilic triblock copolymer consists of poly(ethylene 

oxide) (PEO) and poly(propylene oxide) (PPO) blocks with a 

PEO−PPO−PEO structure.
27
 F-127 exhibits complex phase 

behavior with the potential to self-assemble into polymeric 

micelles with various morphologies depending on solvent 

quality, polymer concentration, and solution temperature.
28
 

We find that although MEH-PPV is completely insoluble in 

water, the polymer can be dispersed in aqueous micellar media 
formed using F-127. The resulting homogeneous dispersions, 

with no observable precipitation, suggested that the emissive, 
hydro-phobic conjugated polymer material was successfully 

encapsu-lated within the hydrophobic interiors of the self-
assembled F-127 nanostructures. This approach permitted 

detailed assess-ment of the photophysical properties of the 

micelle-encapsulated MEH-PPV chains in the absence and 
presence of added PCBM molecules. 

  EXPERIMENTAL METHODS 
 

Materials. Poly[2-methoxy-5-(2-ethylhexyloxy)-1,4-phenylene-

vinylene] (MEH-PPV) with a weight-average molecular weight of 250 000 

g/mol was purchased from American Dye Source, Inc. [6,6]-Phenyl-C61-

butyric acid methyl ester (PCBM), with a molecular weight of 910.88 
g/mol, was purchased from Solenne B.V., Groningen, The Netherlands. 

Pluronic F-127 (Mw ≈ 12 600), chloroform (spectrophotometric grade, 

≥99.8%), phosphate buffered saline 

 

(PBS) tablets, and tetrahydrofuran (CHROMASOLV for HPLC, 

99.9%) were purchased from Sigma-Aldrich, Inc. Deionized water 

(>16.1 MΩ�cm, Milli-Q, SMillipore Corp.) was used for all 

aqueous solutions.  

Preparation of Micelles. Micelles were formulated using a modified 

literature process.
29
 MEH-PPV solution was prepared by dissolving it into 

chloroform in a sealed glass bottle while heating to 60 °C and stirring 
vigorously for 2 h. The solution was allowed to cool to room temperature 

with stirring overnight. The resulting solution was transparent. An 

appropriate volume of this solution, containing 10 µg of MEH-PPV, was 

mixed with 30 mg of F-127 in 400 µL of chloroform. The chloroform was 

evaporated to dryness by N2 gas flow. Deionized water (1 mL) or PBS 

buffer solution (0.1 M, pH 7.4; 1 mL) was added to the vial, and this was 

shaken vigorously for 3 min using a vortex stirrer to create an aqueous 

dispersion of self-assembled MEH-PPV micelles with a concentration of 

30.01 mg/mL. To prepare PCBM-doped micelles, 10 mg PCBM was first 
dissolved into 100 mL of chloroform under stirring for 1 h to make a 

PCBM solution with a concentration of 0.1 mg/mL. PCBM micelles were 

synthesized by dissolving 30 mg of F-127, 10 µg of MEH-PPV, and 

different amounts of PCBM (3, 6, 9, 12, 15, and 25 wt % PCBM or ca. 0.8, 

1.7, 2.5, 3.3, 4.1, and 6.9 × 10
3
 mol % PCBM, respectively) in 400 µL of 

chloroform. The chloroform was evaporated to dryness by N2 gas flow. 
Deionized water (1 mL) was added to the vial, and this was shaken 

vigorously for 3 min using a vortex stirrer to create an aqueous dispersion 

of self-assembled MEH-PPV:PCBM nanomicelles. 

 

Physical Characterization. Dynamic light scattering (DLS) and 
zeta-potential measurements were carried using a Zetasizer Nano ZS 

system (Malvern Instuments, Ltd., UK). DTS Application 5.10 

software was employed to analyze the data obtained. Transmission 

electron microscopy (TEM) images of MEH-PPV micelles were 

acquired using a FEI Tecnai G2 20 Twin microscope (FEI, Inc.). 

Samples were prepared by dropping 20 µL of micelle suspension onto 

Formvar-coated copper grids, waiting for 1 min, and wicking away 

excess liquid using filter paper (1001-125; Whatman, Inc.). Each grid 

was gently rinsed once with deionized water and left to air-dry. 
 

Optical Spectroscopy. To minimize artifacts, such as optical 
scattering, scattering, saturation, or reabsorption, dilute samples (<0.1 

AU) were used to measure absorption and photoluminescence spectra. 

UV−vis absorption spectra were acquired using a double-beam 

spectrophotometer (V-650; Jasco, Inc.). Water or solvent was used as 

a reference. Photoluminescence spectra were acquired using a 

QuantaMasterTM 40, (PTI, Inc.), equipped with a pulsed Xe short arc 

discharge lamp and Czerny-Turner monochromators. Photolumines-

cence quantum yields were determined by using the same fluorometer 

equipped with an integrating sphere (Labsphere, Inc.). A black light 

illuminator (Gel Logic 200; Kodak, Ltd.) was used when recording 

true-color emission photographs (Lumix DMC-TZ30; Panasonic, 

Corp.) Transient absorption measurements were undertaken using a 

home-built system: a nitrogen laser (GL-3300; PTI, Inc.) coupled with 

a dye laser (GL-301; PTI, Inc.), equipped with Coumarin 102 dye, 

provided pump excitation at 460 nm. A 150 W tungsten lamp (PTI, 

Inc.) was used as the probe source. Input pulses (1 Hz) were provided 

by a function generator (TG330; Thurlby Thandar Instruments, Ltd.). 

The optical signal was detected using a silicon diode-based system 

which was connected to a module for signal filtering and amplification 
(Costronics Electronics, Ltd.). Signal acquisition was managed by a 

digital oscilloscope (TDS 2022; Tektronix, Inc.). Fluorescence 

lifetimes were measured by time-correlated single photon counting 

using an FS900 CDT spectrometer (Edinburgh Instruments, Ltd.) and 

a liquid nitrogen cryostat (Oxford Instruments, Lts.) connected to an 

ITC-2 controller. Samples were excited at 470 nm using a picosecond 

pulsed diode laser source. The data acquired from this instrument 

were fitted using analysis software (Fluofit, 4.6; PicoQuant, GmbH). 

For both types of transient measurements, all samples were rigorously 

deaerated prior to data collection. 
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Figure 1. (a) Absorption spectra of an MEH-PPV solution in chloroform (black line) and of the corresponding conjugated polymer 
nanomicelles prepared in water (red line). The dashed green line is an absorption spectrum of empty F-127 micelles. (b) Intensity-
normalized excitation and emission spectra of a MEH-PPV solution (dashed lines) and of MEH-PPV micelles (solid lines). Insets: 
photographs of MEH-PPV emission from a chloroform solution and a micellar suspension under black light illumination. (c) Emission 
spectra of MEH-PPV in chloroform solution (black line) and in aqueous nanomicellar suspension (red line). (d) Number-average 
hydrodynamic size distribution of MEH-PPV micelles. Inset: transmission electron micrographs of a typical MEH-PPV micelle. 

  RESULTS AND DISCUSSION  
MEH-PPV and PCBM in Micellar Media. MEH-PPV 

chains were dispersed in micellar media by exposing the 

polymer to water in the presence of F-127 triblock copolymer 

surfactant. The resulting aqueous dispersions were stable and 

clear (not turbid) and presented a characteristic pink color 

associated with light absorption by the conjugated polymer. 

Typical absorption spectra measured for a solution of MEH-

PPV in chloroform (black line), an aqueous dispersion of 

MEH-PPV with F-127 (red line), and an aqueous dispersion of 

F-127 (green dashed line) are shown in Figure 1a. The MEH-

PPV/chloroform solution spectrum exhibited an absorption 

maximum at 498 nm ascribed to intrachain π−π* transitions 
along with a shoulder at ca. 560 nm assigned to optical 

absorption by aggregate species.
30−34

 This absorption max-

imum was significantly red-shifted, to 512 nm, and slightly 

broadened in the presence of F-127 in water. Corresponding 

photoluminescence excitation spectra and emission spectra 

measured for MEH-PPV in organic solvent solution and in 

aqueous dispersion with F-127, respectively, are shown in 

Figure 1b. The observed excitation spectral changes were 

consistent with those noted above for the absorption spectra. 

The MEH-PPV/chloroform solution emission spectrum 

exhibited a characteristic vibronic progression with peaks 

located at ca. 560, 600, and 660 nm arising from the S1 → S0 

0−0 singlet electronic transition of MEH-PPV with 0−1 and 
0−2 vibronic replicas and with a possible small contribution 

due to emission by aggregate species at wavelengths near the 

0−2 emission band.
31,35,36

 In contrast, the emission spectrum 

measured for MEH-PPV in the presence of F-127 in water 

exhibited a significant spectral red-shift (e.g., 0−0 emission 

band shifted to ca. 592 nm) and peak broadening along with an 

increase in the relative peak intensities at the red end of the 

emission spectrum. Reflecting these spectral changes, both 

 
chloroform solutions and aqueous dispersions exhibited 

fluorescence emission with distinctly different, characteristic 
colors under black light illumination (see Figure 1b, inset).  
These spectral changes were attributed to increased 

interchain interactions due to conjugated polymer chain 
collapse during encapsulation into hydrophobic F-127 micellar 
cores, resulting in a change in the polarizability of the 
environment around each polymer chain segment and in the 
formation of a fraction of red-shifted aggregate species with 

energetic disorder.
13,35−37

 In the latter circumstances, 

following photoexcitation, multistep energy transfer would be 
expected to cause a red- shift of the photoluminescence 
spectrum as compared to that of the polymer in a good solvent, 
and this phenomenon has been often observed, for example, 

following formation of thin films.
38
 In concert with this 

observed red-shift in emission, a pronounced decrease in 
photoluminescence quantum yield (PL QY) was measured 
following formation of the MEH-PPV micelles (chloroform 
solution PL QY: 0.27; micelle dispersion PLQY: 0.15) (see 
Figure 1c). This observation was also consistent with polymer 
chain aggregation in the condensed phase.  
Dynamic light scattering (DLS) methods were employed to 

measure the hydrodynamic size distributions of the F-127-

solubilized MEH-PPV dispersions in water. The measured data 

indicated a z-average particle diameter (dz) for the micelles of 61 

nm (polydispersity index, PDI: 0.3) and a number-average particle 

diameter (dn) of 21 nm (see Figure 1d). For reference, a number-

average particle diameter of 21 nm was also obtained for F-127-

only micelles (see Figure S1, Supporting Informa-tion). A 

representative transmission electron microscopy (TEM) image of 

a MEH-PPV micelle is shown in Figure 1d, inset. The zeta 

potentials of the micelles were also measured and were found to 

be approximately 0 mV, with a conductivity of ca. 3 mS/cm, in all 

cases (see Figure S2a). Therefore, the aqueous solubilization of 

the MEH-PPV by F-127, giving rise to 

  



 
aggregation of conjugated polymer chains, was 
demonstrated to be feasible.  
To provide additional benchmark information, PCBM 

micelles were prepared by exposing the molecules to water in 

the presence of F-127 surfactant. The resulting aqueous 

dispersions were stable and clear (not turbid). The 

spectroscopic properties PCBM in organic solvent of solution 

and in aqueous medium were measured and compared. Typical 

absorption spectra measured for a solution of PCBM in 

chloroform (black line), an aqueous dispersion of PCBM with 

F-127 (red line), and an aqueous dispersion of F-127 (green 

dashed line) are shown in Figure 2a. The PCBM solution 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. (a) Absorption spectra of PCBM solution in chloroform 

(black line) and of the corresponding PCBM nanomicelles prepared in 

water (red line). The dashed green line is an absorption spectrum of 

empty F-127 micelles. Inset: number-average hydrodynamic size 

distribution of PCBM micelles. (b) Intensity-normalized excitation 

and emission spectra of the PCBM micelles. 

 

spectrum exhibited optical absorption mainly in the near-UV 
region with only weak absorption in the visible region (absorption 
peak at 326 nm with a weak tail extending toward the red). These 
observations are consistent with reported solution optical 

absorption spectra of the parent molecule, C60, and reflect the fact 

that the high symmetry of the C60 molecule causes transitions in 

the visible region to be symmetry-forbidden while higher energy 

transitions are fully allowed.
39−41

 In contrast, the absorption 

spectrum measured for an aqueous dispersion of PCBM with F-
127 exhibited greater absorption in the visible region (350−700 
nm), with an absorption peak at 329 nm, consistent with 

observations made for thin films of PCBM.
42,43

 An apparent weak 

absorption tail that extended as far as 800 nm was not thought to 
be due to light scattering or other measurement artifacts; such 

spectral features have previously been reported for C60 thin 

films.
44,45

 In addition, photoluminescence excitation and emission 

spectra measured for PCBM in aqueous dispersion with F-127 are 
shown in Figure 2b. The emission spectrum exhibited a band with 

maximum at ca. 700 nm which has previously been assigned to 

emission from the S1 singlet excited state of C60.
46
 The 

 
corresponding excitation spectrum closely resembled the 

measured absorption spectrum. Overall, the previous studies, 

cited above, which described the contrasting optical properties 

of isolated fullerene molecules in solution with fullerene films, 

assigned the increased light absorption exhibited by fullerene 

films in the visible region to the presence of intermolecular 
charge transfer (CT) transitions. This suggested that the 

increased optical absorption observed herein for aqueous 

dispersions of PCBM with F-127 can be assigned, by analogy, 

to increased intermolecular interactions that occur between 

aggregated PCBM molecules following their encapsulation 

into hydrophobic F-127 micellar cores, consequently resulting 

in a measurable CT absorption.  
Dynamic light scattering methods were employed to 

measure the hydrodynamic size distributions of the F-127-
solubilized PCBM dispersions in water. The measured data 

indicated a z-average particle diameter, dz, of 29 nm (PDI: 

0.05) and a number-average particle diameter, dn, of 22 nm 
(see Figure 2a, inset). The zeta potentials of the micelles 
were also measured and were found to be approximately 0 
mV, in all cases (see Figure S2b).  

MEH-PPV:PCBM Hybrids in Micellar Media. To explore 
the feasibility of hybrid MEH-PPV:PCBM nanostructures, 

MEH-PPV and PCBM were exposed to water in the presence 

of F-127 surfactant. The spectroscopic properties of MEH-

PPV:PCBM hybrids (25 wt % PCBM) in aqueous micellar 

medium were then measured and directly compared with 

MEH-PPV micelles. Typical absorption spectra measured for 

MEH-PPV-only (black line) and MEH-PPV:PCBM (red line) 

aqueous micellar dispersions are shown in Figure 3a. Both 

spectra exhibited the characteristic absorption profiles 
associated with micellar MEH-PPV while, in addition, the 

MEH-PPV:PCBM absorption spectrum exhibited obvious 

additional optical absorbance at wavelengths below 400 nm 

due to PCBM.  
Hydrodynamic size distribution data were measured for the 

F-127-solubilized MEH-PPV:PCBM (25 wt %) dispersions in 

water and indicated a z-average particle diameter, dz, of 40 

nm (PDI: 0.3) and a number-average particle diameter, dn, of 
21 nm (see Figure 3b). The zeta potentials of the micelles were 
also measured and were found to be approximately 0 mV, in 
all cases (see Figure S2c). Some representative TEM images 
of the micelles are shown in Figure 3c−e. The typical size was 
ca. 40 nm, similar to the z-average particle size. Importantly, 
pinpoint-like regions of high contrast (dark clusters in the 
image) were observed in all images of PCBM-doped micelles, 
consistent with sequestration/aggregation of water insoluble 
PCBM molecules as a PCBM-rich phase in the hydrophobic 
cores of the F-127 micelles.  
The colloidal stability of the micelles in a range of 

environments was also studied. As determined by DLS 

measurements, MEH-PPV:PCBM (25 wt %) micelles showed 

a clear size stability with a number-average hydrodynamic 

diameter of 21 nm, over the pH range 2.0−12.0 in water (see 
Figure 4). Likewise, the zeta potentials measured for the 

micelles appeared to be stable, at approximately 0 mV, at each 

pH value (see Figure 4). These data indicated that medium pH 

did not affect the micelles; i.e., apparently, no degradation or 
aggregation occurred under these condition, consistent with 

observations reported for empty F-127 micelles.
47,48

 The 

stability of the MEH-PPV:PCBM (25 wt %) micelles was also 

studied as a function of storage duration (see Figure S2d). The 

dispersions appeared to be quite stable, with no significant 
  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. (a) Absorption spectra of MEH-PPV micelles (black line) and MEH-PPV:PCBM (25 wt %) micelles (red line) prepared in water. 
(b) Number-average hydrodynamic size distribution data measured for the MEH-PPV:PCBM (25 wt %) micelles in water. (c−e) 
Transmission electron micrographs typical MEH-PPV:PCBM (25 wt %) micelles. 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4. Number-average hydrodynamic size (red triangles) and zeta 

potential (empty blue circles) values measured for aqueous MEH-

PPV:PCBM (25 wt %) micelles over the pH range 2.0−12.0. 

 

observable time-dependent changes in hydrodynamic 
diameter, when micelles were stored as dispersions in PBS 

buffer solutions over 7 days.
49 

 
MEH-PPV:PCBM Micellar Hybrids: Varying PCBM 

Concentration. In order to better understand the properties of 
these novel hybrid MEH-PPV:PCBM nanostructures, a range of 

MEH-PPV:PCBM micelles that were doped with progressively 

greater amounts of added PCBM (0−25 wt %) were prepared in 

water. Photoluminescence spectra measured for aqueous MEH-

PPV:PCBM micelles as a function of the amount of added PCBM 

(0−25 wt %) are shown in Figure 5a. A decrease in emission 

intensity was found to occur with increasing PCBM concentration 

with emission quenching of approximately 21, 26, 31, 34, 42, and 

68% being observed at added PCBM concentrations of 3, 6, 9, 12, 

15, and 25 wt %, respectively. A similar systematic trend was 

observed during measurements of photoluminescence quantum 

yield data for aqueous MEH-PPV nanomicelles as a function of 

the amount of added PCBM (0−25 wt %) (see Figure 5b). 

Specifically, the measured fluorescence quantum yields were 

found to take values of 0.15, 0.13, 0.11, 0.10, 0.09, 0.08, and 0.04 

at added PCBM concentrations of 0, 3, 6, 9, 12, 15, and 25 wt %, 

respectively. Importantly, dynamic light scattering measure-ments 

carried out on these hybrid micelles indicated a clear size stability 

with a number-average hydrodynamic diameter of 22 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. (a) Photoluminescence emission spectra measured for 

aqueous MEH-PPV:PCBM nanomicelles as a function of the amount 

of added PCBM (0−25 wt %). (b) Photoluminescence quantum yields 

measured for aqueous MEH-PPV:PCBM nanomicelles as a function 

of the amount of added PCBM (0−25 wt %) (red dots) and number-

average hydrodynamic sizes of aqueous MEH-PPV:PCBM micelles 

as a function of the amount of added PCBM (0−25 wt %) (blue 

triangles).(c) Intensity-normalized emission spectra overlaid to show 

spectral changes that arise with increasing PCBM concentrations. 

 
 



 

nm being observed over the dopant concentration range 
(see Figure 5b). 
 

Photoluminescence decay data were also measured using the 

time-correlated single photon counting technique (see Figure 6a). 

Excited state lifetimes were extracted from the decay traces 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6. (a) Photoluminescence decays measured for MEH-PPV 

micelles (pink line) and MEH-PPV:PCBM micelles (15 wt %; blue 

line) prepared in water; instrument response function (black line). (b) 

Transient absorption spectra recorded at 5 and 10 µs after 460 nm 

pulsed excitation of aqueous MEH-PPV:PCBM (15 wt %) micelles.  
(c) Transient absorption decays recorded at 840 nm after 460 nm 
pulsed excitation of aqueous MEH-PPV micelles (black line) and 
MEH-PPV:PCBM (15 wt %) micelles (red line), respectively. 
Inset: power law fitting of the transient decay measured for the 
MEH-PPV:PCBM (15 wt %) micelle. 
 
 
using commercial software by fitting the measured photo-
luminescence decay traces with double-exponential functions. 
Photoluminescence lifetimes were estimated by weight-
averaging the decay components. The weight-averaged photo-
luminescence lifetime estimated for aqueous MEH-PPV 
micelles was 0.83 ns while the photoluminescence lifetime 
estimated for aqueous MEH- PPV:PCBM (15 wt %) micelles 
was observed to decrease to 0.35 ns, further illustrating the 
effect of added PCBM on the photophysical properties of the 

conjugated polymer. The photoluminescence radiative (kr) and 

nonradiative (knr) rate constants were estimated by combining  
the quantum yield (ϕ), where ϕ = kr/(kr + knr), and 
fluorescence lifetime (τ) data, where τ = (kr + knr)

−1
, 

specifically, by using the formulas kr = ϕ/τ and knr = 1/(τ − 

 
kr). Values for the radiative and nonradiative rate constants 
estimated in this manner for aqueous MEH-PPV micelles 

were 1.8 × 10
8
 s

−1
 and 3.7 × 10

8
 s 

−1
, respectively, while 

the corresponding values estimated for aqueous MEH-

PPV:PCBM (15 wt %) micelles were 2.1 × 10
8
 s

−1
 and 2.7 

× 10
9
 s

−1
, respectively.  

The observed correspondence of photoluminescence emis-sion 

quenching, quantum yield decreases, emission lifetime shortening, 

and increased nonradiative rate with increasing PCBM 

concentration was attributed to nonradiative quenching of MEH-

PPV excited states by photoinduced electron transfer from MEH-

PPV donors to PCBM acceptors colocalized in the hydrophobic 

cores of the F-127 micelles. In this regard, e>cient photoinduced 

donor-to-acceptor charge transfer between MEH-PPV and 

fullerenes in thin films has also been previously studied in detail 

and formed the basis for early bulk heterojunction organic 

photovoltaic devices, with quenching of donor conjugated 

polymer fluorescence being a strong indicator of such a 

process.
50−55

 However, energy transfer quenching may constitute 

an alternative, competing pathway for nonradiative decay of the 

MEH-PPV excited states. While Förster energy transfer is 

expected to be negligible in this system, given the small overlap 

between the PCBM absorption and MEH-PPV emission spectra, 

PCBM and MEH-PPV molecules may well be in close enough 

contact to facilitate Dexter energy transfer. In this regard, since 

the electrons that would be expected to be present in the charge-

separated states have been detected during electron spin resonance 

measure-ments, it appears that although polymer-to-PCBM 

energy transfer is potentially a competing mechanism, charge 

transfer  
is the dominant relaxation pathway.  
A further indication of the colocalization of 

MEH-PPV and PCBM molecules within the hydrophobic 

interiors of the F-127 micelles may be found by considering 

subtle changes that arise in the photoluminescence emission 

spectrum of micellar MEH-PPV as a function of added PCBM 

(see Figure 5c). With increasing PCBM concentration, the 

MEH-PPV emission spectrum is slightly blue-shifted (by 4 

nm), and the vibronic structure is changed. The former changes 

were previously reported during studies of aqueous MEH-

PPV: PCBM nanoparticles prepared by a reprecipitation 

process and were attributed to a reduction in MEH-PPV chain 

conjugation length due to steric effects caused by the presence 
of PCBM that resulted in polymer chain conformations with 

increased kinking and bending of the backbones.
13
 In addition, 

the presence of PCBM was thought to reduce interchain π-

stacking interactions thereby limiting exciton transport due to 

compartmentalization of the polymer chains, preventing 

excitons from reaching low-energy sites. The latter changes in 

vibronic structure are consistent with the changing aggregation 

state of the conjugated polymer chains as interchain 

interactions diminish with increasing PCBM concentrations, a 

decreasing intensity of the 0−1 vibronic peak relative to the 0− 
0 peak occurs.

13
 

Finally, the dynamics of charge carrier photogeneration and  
recombination in aqueous MEH-PPV:PCBM micelles was 

explored using transient absorption spectroscopic methods.
58,59

 

Transient absorption spectra recorded at 5 and 10 µs after pulsed 
460 nm excitation of aqueous MEH-PPV:PCBM (15 wt %) 

micelles are shown in Figure 6b. A broad photoinduced transient 

absorption that extended from 530 to 970 nm was observed. The 

maximum difference in optical density ( OD) was centered at 
approximately 840 nm. This spectral feature, 

  

 
56,57 



 

which was in good agreement with transient spectroscopic data 

previously reported for PPV/acceptor systems, was assigned to 

optical absorption by hole polarons trapped on the MEH-PPV 

chains following rapid (at time scales below that of the 

measurement system temporal resolution) photoinduced electron 

transfer from MEH-PPV to the PCBM electron  

acceptors.  

The decay dynamics of the transient absorption signal were 

measured at 840 nm for both MEH-PPV micelles and MEH-

PPV:PCBM (15 wt %) micelles in water (see Figure 6c). The 

magnitude of the polaron signal observed for MEH-PPV micelles 

was significantly smaller than that observed for MEH-PPV:PCBM 

micelles, consistent with very low charge photo-generation in the 

undoped micelles in the absence of electron acceptors. For the 

MEH-PPV:PCBM micelles, two phases of recombination 

dynamics were evident: a fast phase from 500 ns to10 µs and a 
slow phase from 10 µs into the ms time regime. This biphasic 

behavior was very similar to that reported previously for MDMO-

PPV:PCBM blend films.
63
 The fast phase was assigned to 

recombination of free polarons that were generated when the 

density of photogenerated polarons exceeded the density of 

localized states.
64
 The slow phase was fit to a power law decay ( 

OD ∝ t‑α where OD is the change in optical density, t is time, and 

α = T/T0 where T is the temperature and T0 is characteristic 

temperature of the distribution of charge traps; here, α = 0.59) and 
was assigned to bimolecular recombination of dissociated 

polarons in the presence of an exponential tail of intra-band-gap 

localized (trapped) states (see Figure 6c, inset).
59
 The extracted 

value of α was higher than that observed for MDMO-PPV:PCBM 

blend films (α = 0.4; where MDMO-PPV denotes poly[2-

methoxy-5-(3′,7′-dimethyloctyloxy)-1,4-phenylenevinylene]), 

indicative of a relatively low level of deep traps for the MEH-

PPV:PCBM  
micelles. Very  similar  behavior  has  previously  been 
reported for a variety of other conjugated polymer:PCBM 
films based on, e.g., poly(3-hexylthiophene) and other 
polythio-phenes and, most recently, a number of novel MEH-

PPV oligomers and a related copolymer.
66−

 
72
 In addition, 

Durrant and co-workers have shown that the exponent (α) in 
such power-law decays is dependent upon the polymer film 
morphology and the film processing conditions, with values of 
α ranging between 0.3 and 0.7 being attributed to variations in 
trap density.

70,71
 Overall, this transient spectroscopic data 

provided strong confirmation of the nonradiative quenching of 
MEH-PPV excited states by photoinduced electron transfer 
from MEH-PPV donors to PCBM acceptors colocalized in the 
hydrophobic cores of the F-127 micelles. 

  CONCLUSION  
In this work, aqueous dispersions of conjugated polymer 

nanoparticles based on MEH-PPV were prepared by 

solubilization of the polymer in the hydrophobic cores of F-

127 micelles. Absorption and photoluminescence excitation 

and emission spectral changes were observed on transfer of the 

conjugated polymer from a nonaqueous solvent to an aqueous 

micellar environment and were attributed to increased 

interchain interactions due to conjugated polymer chain 

collapse during encapsulation in the hydrophobic micellar 

cores. When prepared in buffer solution, the micelles exhibited 

good long-term collodial stability. When the MEH-PPV 

micelles were blended by the addition of controlled amounts 

of PCBM, the observed correspondence of photoluminescence 

emission quenching, quantum yield decreases, and emission 

 
lifetime shortening with increasing PCBM concentration 

indicated efficient photoinduced donor-to-acceptor charge 

transfer between MEH-PPV and the fullerenes in the cores of 

the micelles. This assignment was subsequently confirmed by 

transient absorption spectroscopic measurements that demon-

strated that the MEH-PPV:PCBM micelles acted as spatially 

confined donor−acceptor systems capable of successfully 

facilitating photoinduced charge carrier separation. 
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