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ABSTRACT: Materials that can respond to multiple
stimuli, such as temperature and pH changes, are of con-
siderable interest for applications in drug delivery sys-
tems. Notably, a,b-[poly(2-hydroxyethyl)-DL-aspartamide]
is a potentially useful material for such applications. This
study investigated the temperature and pH responsiveness
of polymers structurally similar to a,b-[poly(2-hydrox-
yethyl)-DL-aspartamide], namely, poly(a,b-N-substituted-
DL-aspartamide)s, in aqueous media. These polymers were
derived from polysuccinimide (PSI), which was first syn-
thesized via acid-catalyzed bulk polycondensation of L-
aspartic acid (L-ASP) in the presence of 85% o-phosphoric
acid under N2. Two primary amino alcohols, 4-aminobuta-
nol (4AB) and 6-aminohexanol (6AH), were then respec-
tively utilized to modify PSI to form poly (a,b-N-
substituted-DL-aspartamide)s via aminolysis. Different
ratios of these two amino alcohols were used to modify

the polymer to produce a series of copolymers with lower
critical solution temperatures ranging from 53–28�C when
dispersed in aqueous media. Moreover, the properties of
the poly(a,b-N- substituted-DL-aspartamide)s in aqueous
solution were affected by pH changes. The morphology of
the particles formed by these amphiphilic polymers was
observed using scanning electronic microscopy and trans-
mission electronic microscopy, and the particles were
found to be polymersomes with shell and hollow core
structures and diameters of 0.5–1 lm. Other properties of
this series of self-assembly copolymers were also charac-
terized. VC 2011 Wiley Periodicals, Inc. J Appl Polym Sci 125: 133–
144, 2012
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INTRODUCTION

External stimuli,1–3 such as light,4 electrical current,5

chemicals,6 temperature,7–11 and pH,12,13 can trigger
distinct and sudden changes in the shape, solubility,
or self-assembly mode in ‘‘intelligent’’ or ‘‘smart’’
polymers.1–3 These materials can be used in drug
delivery, biosensors, and tissue engineering.14–16 To
develop these applications, the relationship between
the structure and properties of environmental sensi-
tive materials must be investigated comprehensively.
Many such studies have been conducted in recent
years.17–22 Materials that respond to single, dual, or
multiple stimuli have been designed via graft modi-
fication or copolymerization of hydrophilic and
hydrophobic segments.10,23–26 For example, tempera-
ture-sensitive materials, such as mPEG-PLGA9, poly

(N-vinyl caprolactone),27,28 poly (NiPAAm),28 poly
(siloxy ethylene glycol),28,29 poly (N-vinyl isobutyra-
mide),30 and polyphosphazene,31,32 can change from
transparent to opaque and even be precipitated out
as temperature increases. The temperature of the
transition is called the lower critical solution temper-
ature (LCST); this transition is due to the imbalance
of the intermolecular forces between the polymer
and the solvent and between the polymer molecules.
On the basis of free energy theory (DG ¼ DH �
TDS), the enthalpy term (DH) dominates below the
LCST, whereas the entropy term (DS) dominates
above the LCST.31–41 At low temperature,10 H-bond-
ing interactions between polar groups and water
lead to good solubility of the polymers. The water
surrounding the nonpolar groups is in a low
entropic state relative to free water, leading to an
entropic penalty. As the nonpolar surface area of the
polymer increase, this entropic penalty increases,
causing the LCST to decrease. That is, favorable
interactions below the LCST via hydrogen bonding
between the amide groups in polymers and water
molecules lead to dissolution of polymer chains.
Above the LCST, hydrogen bonds are broken, and
water molecules are expelled from the polymer,
resulting in polymer precipitation.16,42
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The pH sensitivity of polymers has been deter-
mined to be the result of the interaction between the
negatively charged groups of the polymer/solvent
and the positively charged groups of the solvent/
polymer. Polymers containing ionizable functional
groups with a positive or negative charge that can
change their charges according to pH are called pH-
sensitive polymers.16,43,44 Most pH-sensitive polymers
contain ionizable functional groups, such as poly-
(methacrylic acid)43 and poly(acrylic acid) (PAA),44 or
are polyelectrolytes, such as poly (L-histidine),45 poly-
(silamine)16,46 and poly(4-vinyl pyridine) (P4VP).18

Generally, these polymers have separable acidic (e.g.,
a carboxylic acid or sulfonic acid) and alkaline groups

(e.g., ammonium salts) or separable proton acceptors
and proton donors.18 Electrostatic repulsion results in
an increase in the hydrodynamic volume of the poly-
mers or hydrogen bonding forms between block poly-
mers and the environment as the pH changes in the
milieu, causing swelling or shrinkage of the poly-
mer’s conformation and thus affecting the solubility
of the polymer.12,13,43–49 For example, the imidazole
ring of poly (histidine) has one electron pair on an
unsaturated nitrogen that renders poly(histidine)
amphiphilic by protonation-deprotonation.45 The sol-
ubility of a material depends on the pH.45

Among the temperature- and pH-sensitive poly-
mers, PNiPAAm-PAA,10 poly(N,N-dimethylaminoethyl

Scheme 2 Synthesis scheme of poly(a,b-N-substituted-DL-aspartamide)s.

Scheme 1 Synthesis scheme of PSI.
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methacrylate),18 poly(N-acryloyl-N-propylpipera-
zine),23 and poly(dichlorophosphazene),50 (c-PGA)-b-
P(NiPAAm)51 have both pH- and temperature-sensi-
tive properties. However, most stimuli-responsive
polymers are not biodegradable, and some are even
toxic.52–56 The development of biodegradable and

biocompatible stimuli-responsive polymers has
become increasingly important in recent years.9,52–59

Therefore, searching for biodegradable/biocompatible
materials with indications of temperature and pH
sensitivity is a reasonable task in the development
process. Poly(amino acid)s, such as poly(c-glutamic
acid) (c-PGA), and poly(aspartic acid) (PASP), which
have amide linkages and are thus peptides, are com-
pletely biodegraded by hydrolysis and are biocom-
patible.52–56,58–65 Although, c-PGA and PASP were
studied a couple of decades ago,65 modified c-PGA
and PASP have been characterized only recently. For
example, poly(a,b-N-substituted c-glutamine)s52 and

Figure 1 H1NMR (500 MHz, DMSO-d6) spectra of the PSI obtained from bulk thermal polycondensation.

Figure 2 FTIR of PSI compared with the Fig. 6 and the
difference can be distinguished between PSI and 1� amino
alcohol modified PSI. [Color figure can be viewed in the
online issue, which is available at wileyonlinelibrary.com.]

TABLE I
GPC Results (Mn(g/mol), Mw (g/mol), MP (g/mol), PdI)

and DSC (Tg (�C), Tm (�C), DH (J/g)) and
TGA (�C) of PSI

PSI

Mn 2763 Tg 47.84
Mw 5230 Tm 110.86
MP 4587 DH 152.1116
PdI 1.89 TGA 400

MP, The peak of molecular weight.
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poly(N-substituted a/b-asparagine)s53 are both tem-
perature and pH responsive, as well as being biode-
gradable and biocompatible. Applying their unique
physicochemical properties in drug and gene delivery
systems has garnered considerable attention.52–56,58–60

However, large-scale production of poly(a,b-N-substi-
tuted c-glutamine)s involves complex technical and
economic problems. One basic requirement for pro-
duction of a drug delivery carrier or biomaterial is
simple and low-cost production.56,66

Therefore, this study focused on further develop-
ment of PASP-related materials. First, L-aspartic
acid, which can be obtained either through chemical
or biochemical processes66 was used as the starting

material to produce poly(succinimide) (PSI) by ther-
mal bulk polycondensation.67,68 The PSI was then
modified by grafting different ratios of primary
amino alcohols, 4-aminobutanol (4AB) and 6-amino-
hexanol (6AH), onto the succinimide ring to obtain
novel poly(N-substituted a/b-aspartamide)s. The
copolymers obtained contained both hydrophilic and
hydrophobic segments together with ionizable
groups. These copolymers formed self-assembled
aggregates in an aqueous solution, and their proper-
ties changed in response to temperature or pH

Figure 3 GPC diagram of PSI measured in DMF contain-
ing 20 mmol L�1 LiBr (Waters USA). [Color figure can be
viewed in the online issue, which is available at
wileyonlinelibrary.com.] Figure 4 DSC diagram of PSI in the heating process

20�C/min. Tg, Tm can be found. [Color figure can be
viewed in the online issue, which is available at
wileyonlinelibrary.com.]

Figure 5 TGA diagram of PSI, the decomposition temperature can be found from the diagram. [Color figure can be
viewed in the online issue, which is available at wileyonlinelibrary.com.]
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changes. The relationships between their properties
and structure are discussed.

EXPERIMENTAL

Materials

L-aspartic acid (reagent grade, purity �98%) (Sigma,
USA) was used as received. Eighty-five percent
o-phosphoric acid (Showa, Japan), 4-aminobutanol

(98% purity, Sigma-Aldrich, USA), 6-aminohexanol
(97% purity, Sigma-Aldrich, USA), and N,N-dime-
thylformamide (DMF) (Riedel de Haen, Germany)
were dried over a Molecular Sieve 1A prior to use.
Phosphotungstic acid n-hydrate crystals were from J.
T. Baker, Japan, and carbon-coated copper grid (200
mesh) was from Agar Scientific, England.

Poly(succinimide) synthesis (see Scheme 1)66

L-ASP(1) (20 g, 0.1504 mol) and 85% o-phosphoric
acid (2 g, 17.34 mmol) were mixed in a three-necked
round-bottom flask equipped with a mechanical
stainless steel stirrer and an N2 inlet and were heated
to 200�C under an N2 atmosphere. After 30 min, the
reaction mixture changed to a mixture of light-yellow
powder and clumps. The reaction mixture was kept

Figure 6 FTIR diagram of PSI and polymer A–F. The dif-
ference can be distinguished at three peaks shown in dia-
gram. [Color figure can be viewed in the online issue,
which is available at wileyonlinelibrary.com.]

Figure 7 H1NMR (500 MHz, DMSO-d6) of poly(a,b-N-substituted-DL-Aspartamide).

TABLE II
GPC (Mn (g/mol), Mw (g/mol), MP (g/mol), PdI) of

poly(a,b-N-substituted-DL-aspartamide)s

Mn Mw MP PdI

Polymer B 3806 6288 5582 1.64
Polymer C 3764 6251 5392 1.66
Polymer D 3789 6259 5562 1.65
Polymer E 4826 9629 7583 1.97
Polymer F 4764 9399 7540 1.97
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at 200�C for 32 h. The product was washed with
water (200 mL) for three times and followed by meth-
anol (200 mL) for one time and then dried at 80�C
under reduced pressure to yield PSI (2).

Synthesis of poly(a,b-N-substituted-DL-
aspartamide)s (see Scheme 2)53

Synthesis of (4) was carried out using PSI (1 g, 10.3
mmol) and an excess amount of a mixture of various
amino alcohols (20.3 mmol) (molar ratio of PSI: a
mixture of 1� amino alcohol ¼ 1 : 2) at 50�C in anhy-
drous DMF under N2 atmosphere for 4 h.

Upon completion of the reaction time, the prod-
ucts have been recovered by precipitation in ethyl
ether, centrifuged, treated several times with ace-
tone, dried under vacuum and purified by dispers-
ing the dried products with R.O. water and then
loading into a dialysis bag (MWCO 1000) to dialyze
against a large amount of R. O. water; the water was
changed daily for 1 week. The final product was
obtained after lyophilization. The primary amino
alcohols 4AB and 6AH were used as nucleophiles in
the reaction. The following polymers with different
amounts of 1� amino alcohol were synthesized: poly-
mer A, 40% (8.12 mmol) 4AB and 60% (12.18 mmol)
6AH; polymer B, 30% (6.09 mmol) 4AB and 70%
(14.21 mmol) 6AH; polymer C, 25% (5.075 mmol)
4AB and 75% (15.225 mmol) 6AH; polymer D, 20%
(4.06 mmol) 4AB and 80% (16.24 mmol) 6AH; poly-

mer E, 15% (3.045 mmol) 4AB and 85% (17.255
mmol) 6AH; and polymer F, 10% (2.03 mmol) 4AB
and 90% (18.27 mmol) 6AH.

Sample preparation and characterization

Poly(a,b-N-substituted-DL-aspartamide)s were added
to PBS (1% w/v) under sonication for 10 min to
obtain clear solutions. Solutions with different pH
values were prepared by adjusting the pH with
dilute H3PO4 and dilute NaOH solutions, and the
phase transition temperature was then determined
using a UV–visible (Hitachi U-3300, Japan) spectro-
photometer in a temperature-controlled water bath
(Firstek). The 1H-NMR spectra were obtained using
a Varian Unity Inova 500 NMR. The molecular
weight of the polymers was estimated by gel perme-
ation chromatography (Waters, USA) in DMF con-
taining 20 mmol/L LiBr. The Tg was measured
using a DSC (Perkin-Elmer, USA) equipped with

Figure 8 DSC diagram of poly (a,b-N-substituted-DL-Aspar-
tamide) (polymer F) in the heating process 20�C/min. [Color
figure can be viewed in the online issue, which is available
at wileyonlinelibrary.com.]

TABLE III
Tg (�C) of Polymer B–F Measured by DSC

Polymer Tg (
�C)

Polymer B Polymer C Polymer D Polymer E Polymer F

28.64 26.04 28.37 34.33 36.53

Figure 9 Effect of temperature on UV–Visible transmit-
tance of 1% (w/v) of PBS of polymer B. The measurement
was performed at 500 nm from 15 to 50�C. [Color figure
can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]

Figure 10 Effect of temperature on light transmittance of
1% (w/v) PBS of polymer (A–F) on the heating process.
The measurement was performed at 500 nm. [Color figure
can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]
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75% ethylene glycol aqueous solution or a liquid
nitrogen cooling system. The size and zeta-potential
were measured using a Malvern Zetasizer (Nano ZS)
at a 1% (w/v) concentration. The pKa value of each
sample was found by acid–base titration of buffer so-
lution. A fluorescence probe was used to determine
the critical micelle concentration of the polymers.
Transmission electronic microscopy was conducted
using a JEOL JEM-2100 (HT). Samples were prepared
by dropping 1% sample solution onto 200 mesh car-
bon-coated copper grid, and then the grids were
dried in a vacuum oven at room temperature. Stain-
ing of the sample was conducted using 5% phospho-

tungstic acid (PTA) solution on a dried grid, and
grids expose to PTA were dried in a vacuum oven.

RESULTS AND DISCUSSION

Figures 1 and 2 shows the 1H NMR and FTIR spec-
tra of PSI prepared by acid-catalyzed bulk thermal

TABLE IV
The LCST (�C) of Polymer B–F in 1% (w/v) PBS
Determined by UV–Visible Spectrophotometer

4-aminobutanol content (%) LCST

30 53
25 40
20 37.5
15 32
10 28

Figure 11 Relationship between content of 3a (4-amino-
butanol) in 4(poly (a,b-N-substitute-DL-aspartamide)s and
LCST. [Color figure can be viewed in the online issue,
which is available at wileyonlinelibrary.com.]

Figure 12 Effect of temperature on light transmittance of 1% (w/v) PBS with different pH of polymer B–F on the heating
process. The measurement was performed at 500 nm. [Color figure can be viewed in the online issue, which is available
at wileyonlinelibrary.com.]
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polycondensation. The signals at 2.5–2.8 and 3.0–3.3
were assigned to methylene protons, and 5.0–5.4 ppm
represents the methine protons of the succinimide
repeating units of PSI. The peaks at 6–7 ppm were
assigned to the olefin protons of the fumaramic acid
end group and the fumaramide units, and the peaks at
8–10 ppm were assigned to the amide protons of the
branched and/or opened amide groups, respectively.

The values of Mw, Mn, MP, and PDI of the synthe-
sized PSI were determined by GPC (Table I). Results
from the DSC and TGA measurements, including Tg,
Tm, DH, and decomposition temperature, are given
in Table I and Figs. 3–5.

The succinimide units of PSI are easily attacked
by 1� amino alcohol to undergo aminolysis. The
FTIR spectra (Figs. 2 and 6) of PSI and polymer B
showed new bands at 1545 cm�1 (amide), 1649 cm�1

(amide), and 3100 cm�1 (AOH) after aminolysis.
From the FTIR spectra, poly (a,b-N-substituted-DL-
aspartamide)s can be distinguished from PSI.

The chemical structures of the synthesized poly-
(a,b-N-substituted-DL-aspartamide)s was examined
by FTIR and 1H NMR (Figs. 6 and 7). The peaks
(Fig. 7) were d 1.2–1.6 (br, CH2CH2CH2), 2.9–3.1 (br,
NHCH2CH2), 3.3–3.6 (br, C(NO)CH2CHC (NO)),
4.2–4.8 (br, C(NO)CH2CHC(NO), CH2OH), 7.5–8.5
(br, NH). The grafting ratio of 1� amino alcohol to
PSI was 100% as determined using the peaks at 5.0–
5.4 ppm (Fig. 1) and 4.2–4.8 ppm (Fig. 7). The peak
at 5.0–5.4 ppm disappeared after grafting (Fig. 7).

The values of Mw, Mn, MP, and PDI of the final
synthesized poly (a,b-N-substituted-DL-aspartamide)s
were determined by GPC (Table II). The glass transi-
tion temperatures (Tg) of polymers B–F are shown in
Figure 8 and Table III. These data indicate that poly-
mers B–F would be in a rubber-like state at body
temperature (36.5–37.5�C).
Figure 9 shows the temperature dependence of the

light transmittance of poly (30% 4AB þ 70% 6AH)
aspartamide (polymer B) in PBS at different concen-
trations at 500 nm during the heating process. The
turbidity of 10% and 1% polymer B showed drastic
changes during the heating process, with the trans-
mittance decreasing markedly around the transition
temperature (LCST); however, the light transmittance
of 0.1% polymer B did not change, indicating that
the 0.1% concentration (w/v) was below the critical
aggregate concentration for the phase transition. The
LCST of the 10% polymer solution was 38�C, lower
than the LCST of the 1% polymer B, which was 42�C.
Solutions with higher concentrations typically have
lower LCSTs in this type of system.

Figure 13 Effect of LCST of different composition ratio of
polymer in different pH solution.

TABLE V
The LCST (�C) of Polymer B–F in Different pH
Determined by UV–Visible Spectrophotometer

pH
Polymer

B
Polymer

C
Polymer

D
Polymer

E
Polymer

F

9.45 53 40 37.5 35 30
7.45 53 40 37.5 33 30
6.70 53 40 37.5 32 28
5.23 43 33 33 30 27
2.40 18 20 20 27 13

Figure 14 The result of acid–base titration of 1% (w/v)
polymer solution in 0.1N HCl, titrated with 0.1N NaOH,
pKa value could be found from the midpoint of straight
line of each curve. [Color figure can be viewed in the
online issue, which is available at wileyonlinelibrary.com.]

Figure 15 LCST of 1% (w/v) poly(a,b-N-substituted-DL-
aspartamide)s, in PBS solutions with different 4AB/6AH
ratios at different pH. [Color figure can be viewed in the
online issue, which is available at wileyonlinelibrary.com.]

140 HSU, CHU, AND YANG

Journal of Applied Polymer Science DOI 10.1002/app



Figure 10 illustrates the phase transition of pol-
y(a,b-N-substituted-DL-aspartamide)s (polymers B–F)
prepared at a concentration of 1% (w/v) in PBS, and
data that represent lower critical solution tempera-
tures (LCSTs) are presented in Table IV. The phase
transition phenomena result from changes in solubil-
ity; i.e., polymers aggregate or disperse based on the
interactions of the molecular forces at temperatures.
Different composition ratios of 4AB and 6AH (poly-
mers A–F) produce different phase transition tem-
peratures (10–65�C). The LCST increases as the ratio
of more hydrophilic component, 4AB increases (see
Fig. 11). However, polymer A does not exhibit phase
transition phenomenon and does not have an LCST.
The LCSTs of polymers B, C, D, E, and F are 53, 40,
36, 32, and 28�C, respectively.

The phase transition temperature of polymers B–F
is affected by the pH of their aqueous environment:
the LCST decreases as the pH decreases (see Figs. 12
and 13 and Table V). However, between pH 9.40
and 6.70, the LCSTs of polymers B–F did not change
much because of the limited changes in the ioniza-
tion of the polymers at alkaline to neutral pHs. The
pKa values of polymer B–F were all at 7.0 (Fig. 14).
A general trend of increasing LCST with increasing
4AB, as seen from Figure 15, was observed, the only
exception being at pH 2.4. The LCST decreases
when the percentage of 4AB increases from 20 to
30%. This peculiar phenomenon is due to the fact
that the pKa of poly(a,b-N-substituted-DL-asparta-
mide)s which are 7.0 is much higher than pH 2.4,
resulting in lot of lack of ionization and reducing
the solubility. Therefore, at pH 2.4, the composition
ratio of 3a (hydrophilic) is higher; conversely, the
solubility is lower. The effect of pH on the transmit-
tance of the polymeric solutions was determined at
35�C using polymers C and D (Fig. 16). A clear
phase transition existed at roughly pH 6.7 and 7.45,
respectively. On the basis of the Henderson-Hassel-
balch equation, as the pH values are higher than
pKa, samples tend toward ionic phase, and it means

the dissolution of samples rise. These experimental
data clearly demonstrate the pH sensitivity of poly-
mers C and D. Figure 17 shows the changes in the
size of the aggregates in 1% (w/v) solutions of poly-
mers B to F in PBS in response to the pH change.
The zeta-potential of the polymeric particles (see
Table VI) can also explain this pH sensitivity. As the
solution is alkalized, electrostatic repulsion becomes
stronger due to the increasing negative charge
(hydroxyl groups) and leads to the distance between
aggregates becomes longer (Fig. 18). The behavior
explains why the size determined by DLS is so large
but the transmittance measured by UV–visible spec-
trophotometer is high. Conversely, the charges on
the polymers are all close to zero in strongly acidic
solutions; thus the electrostatic repulsion force dis-
appears, resulting in the coalescing of the polymers
into larger aggregates, in contrast to the behavior in
weakly acidic, neutral and alkaline solutions. In
brief, the electrostatic repulsion weakens at acidic
pH, the polymeric species collapse and form larger
aggregates, and the solutions become turbid.
The nature and the morphology of the micelles we

observed were elucidated by SEM and TEM. The
micelles were in the form of unilamellar bilayer pol-
ymersomes.69,70 The samples were prepared with 1%

Figure 16 Effect of pH on transmittance (500 nm) of 1%
(w/v) aqueous solution of polymer C and D at 35�C.
[Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]

Figure 17 Size of polymer B–F 1% (w/v) in PBS with dif-
ferent pH determined by Malvern Zetasizer at 25�C. Note:
The particle size range of Malvern Zetasizer is 0.6 nm–6 lm.
[Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]

TABLE VI
Zeta-Potential of Polymer B-F 1% (w/v) in PBS with

Different pH Determined by Malvern Zetasizer at 25�C

pH
Polymer

B
Polymer

C
Polymer

D
Polymer

E
Polymer

F

9.45 �15 �13.5 �10.5 �11.3 �10.8
7.45 �11.3 �9.6 �7.5 �7.4 �11.3
6.75 �6.9 �7.1 �6.9 �7.5 �9.5
5.06 �4.9 �5.4 �6.1 �6.9 �7.3
2.20 �1.39 �2.46 �1.65 �0.676 �1.89

The size range for zeta-potential of Malvern Zetasizer is
5 nm–10 lm.
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(w/v) polymer B and D in PBS. Many vesicle-like
hollow micelles were clearly identified by SEM (see
Fig. 19), and the diameters of polymersomes were
� 0.5–1 lm, which is in agreement with the size
measurements. TEM images (Fig. 20) clearly show
the morphologies of the self-assembled vesicles pre-
pared and indicate the formation of unilamellar
polymersomes with bilayer structures. The amides
and saturated hydrocarbons of the polymers were
negatively stained by PTA; therefore, the dark circle
of the shell can be directly observed. The amide
groups form the backbone of poly (a,b-N-substi-
tuted-DL-aspartamide)s.

Figures S1–S5 (see Supporting Information) and
Table VII show the diagrams for all series of poly
(a,b-N-substituted-DL-aspartamide)s and the CMC
values for all samples. All log C values of the CMCs
were between 0 and 1.5, and were 10 times higher
than those of most other polymeric micelles, which

are typically in the range of �2 to 3 of log C. The
trend for the CMC can be observed from Table VII;
the CMC decreased along with increasing content of
hydrophilic 4-aminobutanol chains. Because the cru-
cial factor in the formation of polymersome is the
hydrophilic interaction not the hydrophobic interac-
tion, more hydrophiles are conducive to form
polymersomes.

CONCLUSIONS

In this study, a series of novel polymers were charac-
terized, the intermediate, PSI and poly(a,b-N-substi-
tuted-DL-aspartamide)s were successfully synthesized
by acid-catalyzed bulk thermal polycondensation of
L-aspartic acid and aminolysis with the 1� amino alco-
hol, 4-aminobutanol, and 6-aminohexanol. The com-
positions, physical properties, and molecular weights

Figure 18 The scheme of zeta-potential and size change of 1% (w/v) polymer B–F in PBS respond to the pH change.

Figure 19 SEM micrograph of polymer B with vesicle-like microparticles (polymerosome) prepared by 1% (w/v) in PBS.

142 HSU, CHU, AND YANG

Journal of Applied Polymer Science DOI 10.1002/app



of PSI and poly(a,b-N-substituted-DL-aspartamide)s
were determined by 1H NMR, FTIR, FL, DSC, and
GPC. The poly(a,b-N-substituted-DL-aspartamide)s
showed pH and temperature responsiveness and
had phase transitions at different pHs and tempera-
tures. As the composition ratio of hydrophilic 4AB
increased, the LCST increased. Poly(a,b-N-substi-

tuted-DL-aspartamide)s in alkaline and neutral aque-
ous solutions tended to remain dispersion, whereas
these polymers began to aggregate in weakly acidic
solutions and congregated hugely in strongly acidic
state. Furthermore, the LCSTs of the polymers
decreased as the pH decreased below neutral.
Finally, these pH- and thermo-responsive polymers
can be used as potential candidates to apply in drug
delivery systems and in the biomedical field. The
proceeding Lab. work is going to demonstrate the
characteristics of self-assembly in aqueous solution
and the LCST can be applied in drugs that are
water-soluble or amphiphilic but a have short 12 cir-
culation half-life to achieve the goal of prolonging
drug release in the body.
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