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Abstract: A novel class of monodisperse conjugated polymer nanoparticles have been readily prepared
by the facile reprecipitation of poly{1,3-bis[2-(3-alkylthienyl)]azulene} or poly{1,3-bis[2-(3-alkoxythienyl)]-
azulene}. The multicomponent poly(bithiophene-alt-azulene) macromolecules were efficiently self-assembled
into a wide range of size-tunable nanoparticles from a few tens to five hundred nanometers via the
hydrophobic and π-stacking effects in the mixed chloroform/methanol solutions. Electronically altered polymer
structures with different alkyl or alkoxy substitutes exhibited variable self-assembling behaviors to precisely
tune the size and the optical/electronic properties of nanoparticles. A strong size dependence of continuous
bathochromic absorption and significant enhanced emission were observed with the increase of particle
size. A linear relationship between the absorption or fluorescence intensities and the particle size was
demonstrated as well, and this is very useful to probe the intermolecular interactions and the size evolutions
of conjugated polymer nanoparticles. After the size-dependent optical and electronic properties are created,
they can be further optimized to improve the performance of materials prior to the use in novel organic
nanodevices in a cost-effective way.

Introduction

In the past decade, inorganic and organic semiconducting
materials, in particular, II-VI/III -V semiconductors and
π-conjugated polymers have been extensively investigated and
utilized for light-emitting devices, field-effect transistors, solar
cells, lasers, and photodetectors.1 Recent advances in the
successful synthesis or fabrication of miniaturized inorganic
semiconductors from micro- to nanoscale have spurred great
attention due to their unique size-dependent properties2 and
novel optoelectronic and biolabeling applications.3,4 Due to the
much more structural diversity and complexity of organic
molecules, the current tendentious extension of the research from
nanosized inorganic to organic semiconducting materials5,6 is

expected to create a wide range of new size-dependent properties
of organic nanoparticles for promising organic optoelectronic
devices in a cost-effective way. A few recent reports have been
initiating the investigations on the size-dependent properties of
small molecular semiconductors;7 however, there has been very
little success making the size-tunable conjugated polymer
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nanoparticles due to the difficulty of self-assembling the
currently available macromolecules.8 Therefore, it is very
challenging, but more ideal, to precisely control the size-
dependent properties ofπ-conjugated polymers for high potential
applications, due to their much better processing/mechanical and
readily tunable optoelectronic properties, as compared that of
the small organic molecules.

The electronic and optical properties of nanosized organic
semiconductors are fundamentally different from those of
nanosized inorganic semiconductors. The quantum size effect
of the inorganic nanoparticles becomes much stronger when the
particle size is comparable to or smaller than the Bohr radius
of the Wannier excitons. However, this is not expected in the
organic nanoparticles because of the much smaller radius of
the Frenkel excitons associated with the extendedπ-conjugation
systems,7,9 whose exciton size can be tuned by both the chemical
alteration of theπ-conjugated molecular structures and their
intermolecular interactions. It is known that the inorganic
nanoparticles are grown by the atom-by-atom addition via the
formation of strong ionic or covalent bonds. However, organic
nanoparticles are created by self-assembling the as-designed
molecular building blocks via the weaker intermolecular interac-
tions between adjacent molecules (than intramolecular covalent
bonds between the atoms of a molecule), such as hydrogen
bonding,π-π stacking, and hydrophobic interactions, which
are responsible for molecular ordering in soft materials.

Numerous attempts to generate inorganic nanoparticles have
succeeded,2 but there are only a few latter-day approaches to
organic nanostructures of well-defined structure and morph-
ology.5-7 Conjugated polymers, usually oil soluble, were
conventionally emulsified in oil-in-water droplets (physically
trapped in the self-assembled cavities with a large amount of
amphiphilic surfactants or stabilizers) for the formation of
nanoparticles with certain size,6a-d but this quick process has
poor control of particle morphology and intermolecular interac-
tions for tuning their properties. Recently, due to its easy and
versatile operation, the controllable aggregation/precipitation of
small organic molecules in the mixed good-poor or nonpolar-
polar solvents has become a popular technique for the surfactant-
free preparation of the self-assembled nanoparticles.10 Very few
cases for conjugated polymers were reported as well,6e but no
well-defined and excitonically coupled size-tunable nanoparticles
have been readily prepared by the intermolecular aggregation-
driven process. It is thus very important to design and synthesize
newπ-conjugated polymers that are capable of self-organizing
into finely dispersed nanostructures for precisely tuning polymer
properties and dramatically improving the performances of
organic devices.

Semiconducting azulene-containing conjugated polymers
were chosen and synthesized in this research due to the
longstanding interest of azulene to experimental and theoretical
chemists from its nonalternant aromatic structure and unusual
physical properties, including its anomalous fluorescence from

the second excited state to the ground state, in apparent violation
of Kasha’s Rule.11 The reported polyazulenes themselves have
very low solubility and more undesirable lost structural features
after polymerization or subsequent oxidation.12 Multicomponent
poly{1,3-bis[2-(3-alkylthienyl)]azulene} macromolecules func-
tionalized with different aliphatic tails can significantly improve
their stability and solubility in most organic solvents.13 In this
paper, different molecular recognition motifs for intermolecular
interactions, includingπ-π stacking and hydrophobic interac-
tions, were introduced into the functional macromolecular
building blocks, which efficiently self-assemble themselves into
well-defined nanoparticles for creating unique optical and
electronic properties in the mixed chloroform/methanol solvents.
Electronically altered poly{1,3-bis[2-(3-alkoxythienyl)]azulene}
macromolecules with alkoxy side chains exhibited better control
for the formation of monodisperse conjugated nanoparticles. We
note that there are scarcely any previous examples of conjugated
polymer nanostructures with such a high monodispersity in size
without the use of templates or surfactants. We have systemati-
cally prepared a series of size-tunable nanoparticles of conju-
gated polymers in a diameter of a few tens to five hundred
nanometers. This is an initial investigation on the size-dependent
optical and electronic properties of conjugated polymer nano-
particles with the continuous bathochromic absorption and
significant enhanced emission behaviors, which are drastically
different from those of the molecularly dispersed macro-
molecular building blocks in solutions. The creation of the new
optical and electronic properties of conjugated polymer nano-
particles is highly dependent on both the successful design and
synthesis of the new electronically alteredπ-conjugated mac-
romolecules and the better control of their excitonically coupled
π-π stacking organization via appropriate processing tech-
niques. The first example of organic light-emitting devices using
conjugated polymer nanoparticles has been successfully
demonstrated,6c and it is highly expected to utilize the new size-
tunable properties in the promising organic optoelectronic
applications with improved performance.

Experimental Section

Materials. Anhydrous iron(III) chloride (Aldrich, 99.99%), anhy-
drous methanol (Mallinckrodt Chemicals, AR), and tetrahydrofuran
(Aldrich, HPLC grade) were used as received. Chloroform was distilled
from calcium hydride prior to use. 3-Alkylthiophene, 3-alkyl-2-
bromothiophene, and 1,3-dibromoazulene were prepared as described
in the literature with minor modification.12,14

Synthesis. A series of 1,3-bis[2-(3-alkylthienyl)]azulene and
1,3-bis[2-(3-alkoxythienyl)]azulene monomers and a series of the
corresponding poly{1,3-bis[2-(3-alkylthienyl)]azulene} (1-4) (alkyl-
PTA) and poly{1,3-bis[2-(3-alkoxythienyl)]azulene} (5, 6) (alkoxy-
PTA) were synthesized.13 All the obtained conjugated polymers with
∼40-50 repeat units of their corresponding monomers are soluble in
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chloroform, tetrahydrofuran, and toluene. Model compounds 1,3-bis-
(2-thienyl)azulene (7), 1,3-bis[2-(3-methylthienyl)]azulene (8), 1,3-bis-
[2-(3-methoxythienyl)]azulene (9), and 1,3-bis[2-(3-n-hexoxythienyl)]-
azulene (10) were also prepared from the Grignard coupling of
1,3-dibromoazulene with 2-bromothiophene, 2-bromo-3-methylth-
iophene, 2-bromo-3-methoxythiophene, and 2-bromo-3-hexoxythiophene,
respectively.13

Preparation of Conjugated Polymer Nanoparticles.Conjugated
polymer nanoparticles of alkyl-PTA and alkoxy-PTA were prepared
by vigorously mixing a 2× 10-5 M polymer solution in chloroform
with methanol at an equal volume ratio. The mixed solution was left
at room temperature, and the aliquots of the solution were taken at
different time intervals for characterization. The SEM samples were
prepared by dispersing the suspension solution of polymer nanoparticles
on gold-coated glass slides followed by quickly removing the mixed
solvents with a piece of filter paper.

Characterization. Number-average molecular weights (Mn) were
determined by size-exclusion chromatography (SEC) equipped with an
HPLC pump and a UV-vis detector. UV-visible absorption spectra
were recorded with a Hewlett-Packard 8453 diode-array spectro-
photometer. Photoluminescence spectra were performed on a LS 55
PerkinElmer luminescence spectrophotometer. Size and morphology
of conjugated polymer nanoparticles were examined with a JEOL JSM
6700 field-emission scanning electron microscope (SEM). Size-
evolution of conjugated polymer nanoparticles was measured at 25°C
on a Brookhaven light-scattering instrument equipped with a BI-200SM
multiangle goniometer and a 35 mW He-Ne laser (vertically polarized
632.8 nm light). The sample cell containing 2× 10-5 M polymer
solution in chloroform was mounted in a temperature-controlled,
refractive index matched bath, which is filled with decahydronaph-
thalene. An equal volume of methanol (1:1 ratio) was then mixed into
the sample cell followed by the dynamic light-scattering (DLS)

measurement at different time intervals. The refractive index and the
viscosity of the mixed solvents were used according to the literature
values.15

Results and Discussions

The molecularly dispersed solution of C10H21-PTA or
C12H25O-PTA (Figure 1a) in chloroform is a very transparent,
yellowish solution. After mixing it with a poor solvent
(methanol), the sudden change of environment and the formation
of supersaturated polymer solution led to the subsequent growth
of conjugated polymer nanoparticles in the mixed solvents. The
time-dependent size evolutions of C10H21-PTA and C12H25O-
PTA nanoparticles were monitored by the DLS in the 1:1 mixed
solution of chloroform and methanol, as revealed in Figure 1b,c,
respectively. In the first minute, the particle size of C10H21-
PTA was reached at∼60 nm, and the particle size of C12H25O-
PTA was only∼23 nm. In the following 4 h, the resulting
uniform C10H21-PTA nanoparticles grew continuously from
∼60 to 400 nm in diameter. After that, much larger nanoparticles
(up to ∼500 nm) with a wider size distribution were formed.
However, the resulting C12H25O-PTA nanoparticles had a very
narrow size distribution during the entire growth process. Their
particle size was increased from∼30 to 100 nm in the first
2 h. After that, the particle size was retained with a small
increase from∼100 to 130 nm within the following 5 h. In
comparison, the particle size of C10H21-PTA was increased
dramatically with increasing time, while the particle size of
C12H25O-PTA was increased gradually. The similar size
evolutions of uniform conjugated polymer nanoparticles were
verified by the SEM observations in Figures 2 and 3. The size
of spherical C10H21-PTA nanoparticles was increased from
∼60, 120, 240, to 400 nm with the increase of time from 1, 10,
60, to 240 min, respectively. The sizes of spherical C12H25O-
PTA nanoparticles of∼30 and 100 nm were also obtained at
the reaction time of 1 and 120 min, respectively. It is noted
that 2× 10-5 M C10H21-PTA in chloroform was an optimized
concentration for the size-tunable preparation of C10H21-PTA
nanoparticles in the 1:1 mixed chloroform/methanol solvents.
Lower polymer concentration did not lead to the formation of

(15) Marcus, Y.SolVent Mixtures, Properties and SelectiVe SolVation; Marcel
Dekker: New York, 2002.

Figure 1. (a) Chemical structures of poly{1,3-bis[2-(3-n-decylthienyl)]azulene} (C10H21-PTA, Mn ) 25 800, repeat number of monomers) ∼45) and
poly{1,3-bis[2-(3-n-dodecoxythienyl)]azulene} (C12H25O-PTA, Mn ) 35 100, repeat number of monomers) ∼48). Time-dependent size evolutions of
conjugated polymer nanoparticles in the 1:1 mixed chloroform/methanol solutions containing (b) 1× 10-5 M C10H21-PTA and (c) 1× 10-5 M C12H25O-
PTA, respectively.
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C10H21-PTA nanoparticles, and higher polymer concentration,
such as>10-3 M, led to the significantly enhanced formation
rate of larger polymer nanoparticles with wider size distribution.
Meanwhile, 1:1 mixed chloroform/ethanol and dichloromethane/
ethanol solvents were also used, and the resulting particles were
not very uniform.

To correlate with the DLS and SEM observations, the kinetic
formation process of C10H21-PTA nanoparticles in the 1:1
mixed solvent of chloroform and methanol was further dem-
onstrated by the spectroscopic investigations, as revealed in
Figure 4a. After mixing methanol into the polymer solution in
chloroform, the maximum absorption wavelength (λmax) of the
C10H21-PTA backbones at∼400 nm remained essentially
unchanged, and the maximum absorption intensity was reduced
gradually. However, a newly formed peak was also clearly
shown in the time-dependent evolution process of the absorption
spectra of C10H21-PTA nanoparticles due to the intermolecular
interaction/aggregation between C10H21-PTA macromolecules
for the formation of conjugated polymer nanoparticles. The
newly formed peak in the range of 420-530 nm was red shifted
continuously due to the consecutive aggregation-driven growth
of conjugated polymer nanoparticles from small to large to
extend the delocalization of theπ-electron conjugation system.
Meanwhile, the maximum absorption intensity of the C10H21-
PTA backbones at∼400 nm was also continually reduced due
to the continuous consumption of free C10H21-PTA macro-
molecules in the mixed solvents. As shown in Figure 4b, the

position of the newly formed peak in the range of 420-
530 nm is strongly associated with the size of polymer
nanoparticles. The red shift value (∆λ) between theλmax for
the newly formed peak andλmax at ∼400 nm for the free
macromolecules in solution is used to express the aggregation
degree of C10H21-PTA. A linear relationship between the∆λ
and the size of C10H21-PTA nanoparticles confirmed the
continuous seeded growth of nanoparticles because there are
not much smaller nanoparticles formed in the same reaction
solution as observed by SEM.

The aggregation-driven growth of alkyl-PTA nanoparticles
is weakly affected in the mixed chloroform/methanol solvents
by using the different chain lengths of alkyl-PTA. In com-
parison between Figures 4a and 5a, the intermolecular aggrega-
tion-based consumption of free macromolecules with the longer
alkyl chains is only a little faster due to the relatively stronger
hydrophobic interactions between neighboring longer alkyl
chains, and the shorter chain length only led to a slower growth
of nanoparticles. The similar aggregation behavior was attributed
to the weak influence of alkyl substitution on its electronic
structure of conjugated polymer backbones, which is also
indicated by the identicalλmax at ∼400 nm for all the alkyl-
PTA with different lengths of alkyl chains (C4H9-, C7H15-,
C10H21-, and C14H29-) in chloroform. To the contrary of the
alkyl substitution of poly(bithiophene-alt-azulene), the alkoxy
substitutes have a large influence on its electronic properties
and further the formation process of nanoparticles. As shown

Figure 2. SEM images of C10H21-PTA nanoparticles prepared in the 1:1
mixed chloroform/methanol solvents in the time course of (a) 1 min,
(b) 10 min, (c) 60 min, and (d) 240 min.

Figure 3. SEM images of C12H25O-PTA nanoparticles prepared in the
1:1 mixed chloroform/methanol solvents in the time course of (a) 1 min
and (b) 120 min.

Figure 4. (a) Time-dependent evolution of the absorption spectra of
C10H21-PTA nanoparticles in the time course of the first 150 min after
mixing an equal volume of methanol with the chloroform solution of
molecularly dissolved C10H21-PTA. The absorption spectrum of the
molecularly dispersed C10H21-PTA in chloroform was recorded when time
is zero. (b) Time-dependent aggregation degree as a function of the size of
C10H21-PTA nanoparticles. For comparison, the absorption spectrum of
the corresponding monomer, 1,3-bis[2-(3-n-decylthienyl)]azulene (C10H21-
TA), in chloroform is also shown in (a) (dashed line), and the strong
absorption of C10H21-PTA at∼400 nm was due to the polymerization of
C10H21-TA to extend the delocalization of theπ-conjugation system.

Figure 5. Aggregation behavior of (a) C14H29-PTA and (b) C12H25O-
PTA with lengthy alkyl and alkoxy substitutes, respectively, in the 1:1 mixed
solution of chloroform and methanol.
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in Figures 4a and 5, the large red shift of∼65 nm in theλmax

of C12H25O-PTA as compared to that of C10H21-PTA in
chloroform indicates an electron donation of alkoxy groups
(C12H25O-) to the conjugated polymer backbones that is
stronger than that of the alkyl groups (C10H21-). As there is no
strong hydrogen bonding between conjugated backbones, the
real driving force for conjugative aggregation is believed to be
associated with theπ-π stacking of conjugated polymer
backbones in addition to the hydrophobic interactions between
neighboring side chains. As compared to the C10H21-PTA, this
strongerπ-π interaction between neighboring C12H25O-PTA
molecules may facilitate the quick nucleation and the subsequent
formation of a large number of smaller nanoparticles after
mixing with the poor solvent, methanol. The fast consumption
of free macromolecules (the quickly reduced concentration) in
solution further limits the growth of the smaller nanoparticles
into larger ones. In the time course of 150 min, the obtained
smaller polymer nanoparticles resulted in the smaller red shift
due to the smaller aggregation degree of conjugated polymers,
as shown in Figure 5b. Free C12H25O-PTA macromolecules
were almost depleted after 150 min because only very shallow
color remained in solution after high-speed centrifugation,
indicating the fast and dominant formation of smaller nano-
particles with a small red shift in the maximum absorption
wavelength, which is similar to that of the smaller C10H21-
PTA nanoparticles at their early period of growth, as shown in
Figure 4a.

Although the spectroscopic investigations provided the in-
formation of intermolecular interactions in the resulting non-
crystalline nanoparticles of alkyl-PTA and alkoxy-PTA, a
better understanding of the molecular stacking of conjugated
polymer backbones could be obtained from the crystallographic
structures of their corresponding monomers. However, most of
the monomers with longer side chain, such as C4H9-, C7H15-,

C10H21-, C14H29-, and C12H25O-TA, are liquid at room
temperature. Luckily, 1,3-bis[2-(3-n-hexoxythienyl)]azulene
(C6H13O-TA) is solid at room temperature and was crystallized
successfully in the mixed solution of dichloromethane and
hexane. The ORTEP drawing of the C6H13O-TA crystal-
lographic structure (Supporting Information) in Figure 6a shows
its favorable molecular configuration with a T-shapedπ-π
interaction between the thiophene moiety and the seven-
membered ring of azulene, which are from the neighboring two
macromolecular backbones, respectively. The T-shapedπ-π
interaction is also favored in some otherπ-conjugated systems,
like benzene dimers, and could be accounted by the aggregation-
driven growth of conjugated polymer nanoparticles.16 The
nearest distance from the C13 of thiophene to the five-membered
ring of azulene is 3.67 Å, as indicated in Figure 6a. As expected,
the ORTEP drawing of the 1,3-bis(2-thienyl)azulene crystal-
lographic structure (Supporting Information) in Figure 6b also
shows that the intermolecular dipolar interaction between two
neighboring azulene molecules (with a smaller face-to-face
distance of 3.452 Å) is due to the larger intrinsic dipole moment
(1.0 D) of azulene (with a electron-rich five-membered ring
and a electron-deficient seven-membered ring).11 The intermo-
lecular dipolar interaction effect between neighboring azulene
molecules in C6H13O-TA crystal is weakened by the bulky
alkoxy chains and their electronic donating properties. There
fore, the bathochromic shift of the conjugated polymer nano-
particles with the increase of the particle size was mainly
attributed to theπ-π interactions between the thiophene and
azulene moieties from the closely stacked, neighboring polymer
backbones because of the gradually increased excitonic coupling

(16) (a) Sinnokrot, M. O.; Valeev, E. F.; Sherrill, C. D.J. Am. Chem. Soc.2002,
124, 10887-10893. (b) Cozzi, F.; Annunziata, R.; Benaglia, M.; Cinquini,
M.; Raimondi, L.; Baldridge, K. K.; Siegel, J. S.Org. Biomol. Chem.2003,
1, 157-162.

Figure 6. ORTEP drawings of (a) 1,3-bis[2-(3-n-hexoxythienyl)]azulene and (b) 1,3-bis(2-thienyl)azulene.
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effect and the more extendedπ-electron delocalization among
more conjugated macromolecules. The red shiftedλmax arises
from theπ-π orbital overlap of the closely stacked/aggregated
polymer backbones in nanoparticles and is similar to the
previous observations of the aggregation states of small organic
molecules.7

The nonfluorescence of molecularly dispersed alkyl-PTA and
alkoxy-PTA in chloroform is attributed to the large torsional
angles and high rotational energy barriers between the neighbor-
ing chromophores. The crystallographic data show that the
dihedral angles between the five-membered ring of azulene and
the two adjacent thiophene rings are 40 and 44° in C6H13O-
TA, respectively (due to the steric effect of the bulky seven-
membered ring of azulene). In the alkyl-PTA and alkoxy-
PTA, the active intramolecular rotation of the peripheral
thiophene rings around the axes of the single bonds linked to
the central azulene ring and the free rotation of the alkyl side
chains in solution may effectively annihilate the excitons through
increasing the nonradiative decay rates, predominately by S2

f S1 internal conversion of azulene.11 However, for instance,
a dramatic change of fluorescence intensity of C10H21-PTA
nanoparticles was observed from the virtually no fluorescent
polymers in chloroform to their luminescent polymeric nano-
particles in the mixed chloroform/methanol solvents. The
aggregation-induced enhanced emission is caused by the
restricted intramolecular rotation of the bulky alkyl groups and
the restricted torsional motions of the molecules between the
central azulene ring and the peripheral thiophene moieties in
their aggregate form, which lead to the deactivation of non-
radiative decay.17 The time-dependent fluorescence spectra of
C10H21-PTA nanoparticles were investigated in the 1:1 mixed
solvents of chloroform and methanol, as shown in Figure 7a.
The fluorescence intensity increased significantly with the
increase of the particle size, and a linear relationship was further
analyzed between the particle size and the fluorescence intensity
of C10H21-PTA nanoparticles, exhibiting unique size-dependent

emission properties (Figure 7b). That is to say that the smaller
C10H21-PTA nanoparticles have weak fluorescence and the
larger C10H21-PTA nanoparticles have enhanced fluorescence.
This aggregation-induced emission from conjugated polymer
nanoparticles is further depicted by the fluorescence intensity
of other alkyl-PTA nanoparticles; however, only weak fluo-
rescence was observed due to the exclusive formation of smaller
C12H25O-PTA nanoparticles. In comparison with C10H21-PTA
nanoparticles, C10H21-PTA films were also prepared by drying
2 × 10-5 M C10H21-PTA in chloroform on glass substrate.
The obtained C10H21-PTA film only showed a very broad
absorption spectrum due to much more excitonically coupled
macromolecules in polymer film than that in polymer nano-
particles and a weak PL spectrum due to the strong re-absorption
by the film itself, which lack the information of intermolecular
interaction or aggregation.

Conclusion

A new class of monodisperse nanoparticles of conjugated
polymers has been readily prepared, and their particle size was
continuously tuned over a wide range from a few tens to five
hundred nanometers, which is similar to the as-reported size
evolution process of size-tunable inorganic nanoparticles, such
as CdSe. In this research, the multicomponent alkyl-PTA and
alkoxy-PTA were efficiently self-assembled at nanoscale by
the hydrophobic andπ-stacking effects in the mixed chloroform/
methanol solvents. The electronically tailored electronic struc-
tures of poly(bithiophene-alt-azulene) with different alkyl and
alkoxy substitutes exhibited a strong influence on the self-
assembling behavior for controlling the formation and the
properties of size-tunable nanoparticles of conjugated polymers.
A strong size dependence of continuous bathochromic absorp-
tion and significant enhanced emission (nonemissive, molecu-
larly dispersed conjugated polymers were aggregated into
luminescent organic nanoparticles) with the increase of particle
size were demonstrated. We envision that the successful
preparation of size-tunable organic nanoparticles can facilitate
the creation of a wide range of new size-dependent optical and
electronic properties, which can be further optimized to improve
performance of materials prior to the use in novel organic
nanodevices in a cost-effective way. This unique linear relation-
ship between the fluorescence (or absorption) intensity and the
particle size can be used as a sensitive probe to study the
intermolecular interactions and the size-evolution of conjugated
polymer nanoparticles.
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Figure 7. (a) Fluorescence spectra of C10H21-PTA nanoparticles in the
1:1 mixed solution of chloroform and methanol at variable time intervals,
excited at 370 nm. (b) Fluorescence intensity of C10H21-PTA nanoparticles
as a function of particle size. The maximum absorption wavelength of
C10H21-PTA nanoparticles (∼400 nm) was not chosen as the excitation
wavelength due to the small stock shift.

Growth of Size-Tunable Organic Nanoparticles A R T I C L E S

J. AM. CHEM. SOC. 9 VOL. 127, NO. 29, 2005 10355


