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ABSTRACT: A novel diblock copolymer, poly(ethylene oxide-b-sebacic acid) (PEO-b-PSA), was prepared
by polycondensation. Its self-assembly in water via a microphase inversion resulted in narrowly distributed
stable polymeric nanoparticles with a size of ∼70 nm. Such formed nanoparticles had a core-shell
nanostructure with the insoluble hydrophobic PSA blocks as the core and the soluble hydrophilic PEO
blocks as the protective shell. The core was degradable, and its degradation led to the disintegration of
the nanoparticle. The structure of the nanostructure and the degradation kinetics were investigated by
a combination of static and dynamic laser light scattering. Our results indicated that the degradation
was a first-order reaction, and the degradation rate increases with the dispersion temperature.

Introduction

The potential use of polymeric particles as drug
carriers has attracted much attention, because drugs
can be released in a controllable fashion and the particle
size can be regulated to target different organs.1-10

Moreover, these particles can be made in different
dosage forms, including intravenous and oral routs, to
increase drug’s bioavailability and reduce some associ-
ated adverse effects. It was shown that a decrease of
the particle size could reduce the irritant reaction at
the injection site.11 Narrowly distributed polymeric
nanoparticles in the size range 10-100 nm are ideal for
intravenous injection, and they can easily pass through
the narrowest blood capillary with a diameter of ∼4
µm.12

It is nature to seek a biodegradable and biocompatible
polymer as a drug carrier because its absorption by body
can avoid the removing, often surgically, of an implanted
drug releasing device.13-17 Polyanhydride as a biode-
gradable polymer has been widely used due to its
biocompatibility.18-23 Previously, we have shown that
surfactant could be used to prepare polysebacic anhy-
dride (PSA) nanoparticles stable in aqueous solution.
However, the nanoparticles stabilized by surfactant
molecules are sensitive to the ionic strength and pH,
which are not suitable for some biomedical applications.

On the other hand, extensive fundamental studies
have shown that block and graft copolymers could form
polymeric micelles via a self-assembly in selective
solvents.24-27 In biomedical applications, poly(ethylene
glycol)-coated nanoparticles have attracted a particular
attention since PEG is nontoxic and has a low protein
adsorption and cell adhesion.28,29 The most important
is that the internal use of PEG in the human body has
been approved by the Food and Drug Administration
(FDA).30 In this study, we combined polyanhydride and

poly(ethylene glycol) into a novel biocompatible and
biodegradable diblock copolymer, poly(ethylene oxide-
b-sebacic acid) (PEO-b-PSA), and successfully micron-
ized this water-insoluble polymer into polymeric nano-
particles stable in water via a microphase inversion. The
structure and degradation of such formed PEO-b-PSA
nanoparticles were investigated by a combination of
static and dynamic laser light scattering (LLS).

Experimental Section

Sample Preparation. Poly(ethylene glycol) methyl ether
(Mn ) 5000 and Mw/Mn ∼ 1.3) was vacuum-dried. Sebacic acid
was recrystallized three times from ethanol. Acetic anhydride
was purified by distillation. Tetrahydrofuran (THF) and
chloroform were refluxed and distilled over calcium hydride.
Toluene and n-hexane were predried over 4 Å molecular sieves
and distilled. Ethyl ether was refluxed and distilled over
sodium wire. Other reagents were used as received without
further purification. Poly(ethylene oxide-b-sebacic acid) (PEO-
b-PSA) was synthesized by melt polycondensation of sebacic
acid and poly(ethylene glycol) methyl ether. The synthesis is
outlined as follows.

Refluxing of sebacic acid in acetic anhydrides resulted in a
mixture of anhydride oligmers. The resultant oligmers were
recrystallized from toluene and washed with n-hexane. The
polymerization of these oligmers and poly(ethylene glycol)
methyl ether was conducted in a glass tube ∼35 cm3 with a
nitrogen inlet at 180 °C under 0.01 mmHg. Note that the PEO
macromonomer has only one reacting end group. The resultant
low molar mass was collected under vacuum in a liquid
nitrogen trap. The resultant diblock copolymer was purified
by precipitation in dry ether from chloroform solution and
washed with cold water. The average molar mass of poly-
(ethylene oxide-b-sebacic acid) used in this study was 2.52 ×
104 g/mol, and the polydispersity index is less than 1.5. The
compositions of poly(ethylene oxide-b-sebacic acid) were esti-
mated by 1H NMR and FT-IR. The NMR spectra were recorded
in CDCl3 on a Bruker DPX-300 (300 MHz) spectrometer, while
the FT-IR spectra were recorded on a Nicolet Impact 420FT-
IR spectrometer.

The self-assembly of poly(ethylene oxide-b-sebacic acid) was
induced by adding a 1 mL solution of PEO-b-PSA in THF
dropwise into 99 mL of deionized water under ultrasonifica-
tion. As expected, THF quickly mixed with water. The water-
insoluble PSA blocks collapsed and aggregated to form a core,
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while the water-soluble PEO blocks formed a protective shell.
Such formed nanoparticles were stable in water over months.
The small amount (1%) of THF introduced in the preparation
was removed under a reduced pressure, which had no effect
on the particle size and stability. The pH of the dispersion was
adjusted by NaOH. In a typical degradation experiment, a
proper amount of the dust-free NaOH aqueous solution was
in situ added into a 2 mL dust-free dispersion.

Laser Light Scattering (LLS). A modified commercial
LLS spectrometer (ALV/SP-125) equipped with an ALV-5000
multi-τ digital time correlator and a solid-state laser (DPSS,
out power ) ∼400 mV at λ ) 532 nm) was used. In static LLS,
the angular dependence of the excess absolute time-average
scattered intensity, i.e., Rayleigh ratio Rvv(q), of a dilute
dispersion can lead to the weight-average molar mass Mw, the
second virial coefficient A2, and the root-mean-square z-
average radius 〈Rg

2〉z
1/2 (or simply as 〈Rg〉),31 where q is the

scattering vector. In dynamic LLS, the Laplace inversion of a
measured intensity-intensity-time correlation function G(2)-
(t,q) in the self-beating mode results in a line-width distribu-
tion G(Γ).31,32 For a pure diffusive relaxation, (Γ/q2)qf0,cf0 leads
to the translational diffusion coefficient D or further to the
hydrodynamic radius Rh via the Stocks-Einstein equation.
Both Rvv(q) and G(2)(t,q) were simultaneously measured during
the degradation. The detail of LLS theory can be found
elsewhere.31,32 Both the PEO-b-PSA nanoparticle dispersion
and NaOH aqueous solution used in LLS were clarified
respectively by 0.8 and 0.1 µm Millipore filters to remove dust.

Results and Discussion
Figure 1 shows a typical 1H NMR spectrum of the

PEO-b-PSA block copolymer. The peak at 3.65 ppm is
a typical NMR signal for the methylene protons on PEO,
indicating that PEO was successfully copolymerized
with PSA. The peaks at 2.44, 1.65, and 1.32 ppm are
attributed to the methyl protons of PSA. By taking the
area ratio of the methylene protons of PEO to that of
PSA, we estimated weight percentage of PEO (wt %) in
the copolymer to be 19.7%, and the copolymer has an
average molar mass of 2.54 × 104 g/mol. The typical IR
anhydride double peak of PEO-b-SA was appeared at
1809 and 1741 cm-1.

Figure 2 shows a typical Berry plot of the PEO-b-PSA
nanoparticles in water at 25 °C, which incorporates the
angular and concentration dependence of Rayleigh ratio
Rvv(q) on a single grid. The extrapolation of [KC/Rvv-
(q)]1/2 to C f 0 and q f 0 leads to Mw. The slopes of
[KC/Rvv(q)]1/2

Cf0 vs q2 and [KC/Rvv(q)]1/2
qf0 vs C respec-

tively lead to 〈Rg〉 and A2. Figure 3 shows a typical
dynamic LLS result, which reveals that the nanopar-

ticles in water at 25 °C are very narrowly distributed
with an average hydrodynamic radius 〈Rh〉 of ∼70 nm,
calculated from f(Rh) by ∫0

∞f(Rh)Rh dRh.
Table 1 summarizes all light scattering results for the

PEO-b-PSA nanoparticles in water, where the average
number (Nagg) of the copolymer chains inside each
particle and the average particle density 〈F〉 were
estimated from Mw,particle, Mw,chain, and 〈Rh〉. The ratio
of 〈Rg〉/〈Rh〉 ∼ 1.0 is slightly higher than 0.774 predicted
for a uniform nondraining sphere, indicating that such
formed nanoparticles are partially draining, because of
the hydrophilic PEO blocks.33 The fact that 〈F〉 is much
lower than ∼1.0 g/cm3 expected for a bulk polymer also
indicates that the nanoparticle contains loosely ag-
gregated chains and contains a lot of water in its
hydrodynamic volume. On average, each PEG chain

Figure 1. Typical 1H NMR spectrum of poly(ethylene oxide-
b-sebacic acid) in CDCl3.

Figure 2. Typical Zimm plot of PEO-b-PSA nanoparticles in
aqueous solution at 25 °C, where C ranges from 4.05 × 10-6

to 1.14 × 10-5 g/mL, K is a constant for a given solution and
temperature, and k is a constant to spread the plot.

Figure 3. Typical hydrodynamic radius distribution f(Rh) of
PEO-b-PSA nanoparticles in aqueous solution at 25 °C, where
C ) 1.14 × 10-5 g/mL.

Table 1. Static and Dynamic Laser Light Scattering
Characterization of PEO-b-PSA Nanoparticles in Water

at 25 °Ca

Mw,particle
(g/mol)

A2 (mol
cm3/g2)

〈Rh〉
(nm)

〈Rg〉/
〈Rh〉 Naggregation

〈F〉
(g/cm3)

2.6 × 107 -3.0 × 10-4 70 1.0 1.1 × 103 3.1 × 10-2

a Relative error: Mw, (5%; 〈Rg〉, (8%; and 〈Rh〉, (2%.
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occupies a surface area of ∼19 nm2 on the periphery of
the nanoparticle, which agrees well with the average
size of the PEO blocks in water.

Figure 4 reveals [Rvv(q)]t/[Rvv(q)]0 decreases during the
degradation. It is known that Rvv(q) ∝ CMw. In principle,
the decrease of [Rvv(q)]t/[Rvv(q)]0 can be related to the
decrease of either Mw or C or both. However, the inset
in Figure 4 shows that there was no change in 〈Rh〉, i.e.,
no change in Mw. Apparently, there is a contradiction
because the degradation should lead to a decrease in
the particle size. The constant particle size actually
reveals that the degradation of each particle is so fast
that LLS can only “see” the remaining particles during
the degradation, not those degraded products with a
lower molar mass, because the scattered light intensity
is proportional to the square of molar mass. Therefore,
the decrease of [Rvv(q)]t/[Rvv(q)]0 actually reflects the
decrease in the number of the nanoparticles, i.e., the
decrease of the relative concentration (Ct/C0). A combi-
nation of static and dynamic LLS results reveals that
the degradation of these nanoparticles are not simul-
taneous, but in a one-by-one fashion.

The data can be well fitted by [Rvv(q)]t/[Rvv(q)]0 ) e-kt,
indicating that degradation follows a first-order kinetics.
It is clear that pH can greatly affect the degradation
rate. Adjusting pH, we can control the degradation from
a few hours to a few days or even longer. Figure 5
indicates that of the degradation is also influenced by
temperature. The degradation rate increases with the
temperature. The least-squares fitting of each set of “Ct/
C0 versus t” leads to degradation rate constant k. The
inset shows a typical Arrhenius plot for the degradation,
i.e., k ∝ e-Ea/RT. On the basis of this plot, we were able
to estimate the activation energy (Ea) of the degradation
to be 44 kJ/mol.

In summary, a novel poly(ethylene oxide-b-sebacic
acid) (PEO-b-PSA) diblock polymer has been synthe-
sized. The self-assembly of this water-insoluble diblock
copolymer can lead to narrowly distributed nanopar-
ticles stable in water via a microphase inversion. The
PEO-b-PSA nanoparticles have a core-shell structure
with the core and the shell respectively made of the
insoluble/degradable PSA blocks and the PEG blocks.
The degradation of the core leads to the dissolution of
the nanoparticles. The degradation of each PEO-b-PSA
nanoparticle is too fast to be observed in laser light

scattering. Our results reveal that the degradation
follows a first-order kinetics, and the degradation rate
can be regulated by pH and temperature. The activation
energy of the degradation is 44 kJ/mol. This study
provides a foundation for further biomedical applica-
tions of this novel copolymer.
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