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pared by reversible addition-fragmentation chain transfer (RAFT) polymerization in DMF. The chain
transfer agent was obtained by modification of chitosan with 3-benzylsulfanyl thiocarbonylsulfanyl
propionic acid (BPATT) with 68% the degree of substitute. The graft polymerizations possessed
controlled/living characteristics. The behavior of the graft copolymer in aqueous solution was

g;;:gg;is: investigated by dynamic light scattering, transmission electron microscopy, and UV-visible spectropho-
RAFT tometer. N-Phthaloylchitosan-graft-(poly(N-isopropylacrylamide)-block-poly(acrylic acid)) copolymer
Stimuli-response (N-phthaloylchitosan-g-(PNIPAAm-b-PAA)) could assemble to micelles in aqueous solution in range of
Graft modification 200-300 nm with narrow size distribution, and the hydrodynamic diameter could be controlled depend-
Micelle ent on length of branch chains and temperature. The LCST values of micelle could be modulated from 34
to 40 °C by controlling the constitution of branch chains, pH, and concentration.

Crown Copyright © 2012 Published by Elsevier Ltd. All rights reserved.

1. Introduction by changing coil dimensions and solubility due to protonation

) ) ) o of the carboxylate groups (Millard et al., 2006). Combining PAA
Stimuli-responsive hydrogel, called smart hydrogel, exhibits 354 PNIPAAm can create systems responding to several external
Fhe unique property of undergoing an abrupt change in volume stimuli.  Poly(N-isopropylacrylamide)-block-poly(acrylic  acid)
in response to environmental changes. These smart hydrogels copolymer (PNIPAAm-b-PAA) was synthesized using PAA as
have future applicatigns in intelligent systems such as switches, a macromolecular chain transfer agent, which was obtained
sensors, actuators, bloreacto_rs, drug delivery systems, cell cul- from RAFT polymerization with 1-cyanoethyl 2-pyrrolidone-1-
ture systems and so on (Miyata, 2010). Among them, pH and  c3rhodithioate as chain transfer agent, in methanol using AIBN
temperature-responsive hydrogels have been widely studied, s initiator at 60°C (Schilli et al., 2004). Furthermore, PNIPAAm-
pecguse these two factors can be easily appllgd both in vivo and b-PAA block copolymer may form micelles or other aggregates
in vitro. For example, poly(N-isopropylacrylamide) (PNIPAAm) and depending on the solvent, temperature, pH, block lengths and salt
poly(acrylic acid) (PAA) have been intensively investigated for their concentration (Schilli et al., 2004).
stlmull-responswe properties. ) Chitosan is one of the most attractive materials derived from
~ PNIPAAm exhibits a lower critical solution temperature (LCST)  repewable resources. It shows significant pH-responsive behavior
In aqueous solution and a sharp fe"eTSIPIe phase. transition at as a natural weak base with many applications in medicine, cos-
32.8°Cin water. PAA responds to changes in pH and ionic strength metics, agriculture, biochemical separation systems, biomaterials
and drug controlled release systems (Chung, Liu, & Yang, 2010;
Kumar, Muzzarelli, Muzzarelli, Sashiwa, & Domb, 2004; Li, Wang,
Wu, Zhang, & Hu, 2010; Muzzarelli, 2009, 2011). Graft modifi-
o . cation is considered as a convenient and promising approach to
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E-mail addresses: wangzk@zju.edu.cn (Z. Wang), huql@zju.edu.cn (Q. Hu), expand the applicability of chitosan (Jayakumar, Pra.baharan., Reis,
Imy@zzu.edu.cn (M. Liu). & Mano, 2005). Based on the advantages and properties of chitosan
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and PNIPAAm-b-PAA, graft copolymer of chitosan and PNIPAAm-
b-PAA will possess nonlinear chemical structure and dual sensitive
properties.

Great progress has been made in the field of living radical poly-
merization (LRP). These methods could control the synthesis of
polymers with complex architectures and site-specific functional-
ity (Semsarilar & Perrier, 2010). Living polymerization of NIPAAm
has been achieved by LRP. Controlling the polymerization of AA
in aqueous medium is one especial challenge due to its very high
propagation rate constant in aqueous solution and rapid gel for-
mation rate (Ladaviere, Dorr, & Claverie, 2001). Polymerization of
AA in organic solvents is generally slow. In this case, PAA is usu-
ally obtained through the polymerization of acrylates and followed
by hydrolysis in the presence of trifluoroacetic acid (TFA). However,
chitosan is prone to degrade in the process of hydrolysis. Compared
with other living polymerization techniques, reversible addition-
fragmentation chain transfer (RAFT) polymerization of AA can be
carried out directly without protection of carboxyl group. Hua et al.
attached S-1-dodecyl-S'-(«, o’ -dimethyl-«/'’-acetic acid) trithiocar-
bonate to the chitosan chain, using them for chitosan-g-PAA (Hua,
Tang, Cheng, Deng, & Zhu, 2008) and chitosan-g-PNIPAAm (Tang,
Hua, Cheng, Jiang, & Zhu, 2008). The molecular weight and the poly-
dispersity index of branch chains were closed to the expected value,
indicating that the polymerizations had living characters.

In this research, we first report the synthesis and properties
of N-phthaloylchitosan-graft-(poly(N-isopropylacrylamide)-block-
poly(acrylic acid)) copolymer (N-phthaloylchitosan-g-(PNIPAAm-
b-PAA)) from the RAFT polymerization of AA and NIPAAm
(Scheme 1). Chitosan was modified with 3-benzylsulfanyl thio-
carbonylsulfanyl propionic acid (BPATT), an asymmetrical trithio-
carbonate, to serve as macromolecular chain transfer agent. The
advantage of this strategy is that the copolymer would have the
excellent control of branch structure and dual responsive proper-
ties.

2. Materials and experiments
2.1. Materials

Chitosan (degree of deacetylation=80%, viscosity-average
molecular weight =200 kDa, Aldrich) was dried in vacuum at 40°C
overnight before use. AA (AR, China National Pharmaceutical Group
Corporation) was distilled under reduced pressure and used imme-
diately. NIPAAm (97%, Aldrich) and 2,2-azobisisobutyronitrile
(AIBN, 98%, Aladdin) were recrystallized twice from hexa-
methylene and methanol, respectively. BPATT was synthesized
according to the related reference (Lai, Filla, & Shea, 2002).
1,3-Dicyclohexylcarbodiimide (DCC, 99%, Alfa Aesar) and 4-(N,N-
dimethylamino) pyridine (DMAP, 99%, Alfa Aesar) were used as
received. N,N-Dimethyl formamide (DMF) was distilled under
reduced pressure from calcium hydride and stored over molecular
sieves. All other reagents were of analytical grade and used without
purification.

2.2. Synthesis of N-phthaloylchitosan-BPATT

N-Phthaloylated chitosan was synthesized by two steps, accord-
ing to the previous literature (Kurita, Ikeda, Shimojoh, & Yang,
2007). In brief, chitosan reacted with excess O-pathalic anhy-
dride in anhydrous DMF and followed by hydrolysis to obtain
N-phthaloylchitosan. Then, the dried N-phthaloylchitosan (0.3 g,
1.1 mmol of C-6 hydroxyl), BPATT (0.31g, 1.1 mmol) and DMAP
(0.016g, 0.13 mmol) were dissolved in anhydrous DMF (50 mL).
After stirring for 1h, DCC (0.23 g, 1.1 mmol) was added to the
solution. The mixture was stirred for 48 h at room temperature

before it was poured into ice water. The chitosan macromolecu-
lar chain transfer agent (N-phthaloylchitosan-BPATT) was purified
by extraction with acetone and dried in vacuum at 40°C.

TH NMR (DMSO-dg): 8 (ppm)=7.6-8.0 (m, —CgH4— of N-
phthaloyl), 7.2-7.5 (m, —CgH5 of BPATT), 4.6 ppm (s, —CH,— of
benzyl), 2.8-5.2 (m, H-1-H-6 of pyranose). FTIR (KBr, cm~!):
3300-3590 (vo-u), 2930 (vc-g), 1772 and 1710 (phthalimido
groups), 1276 (vsc—o—c), 1138 (Vasc—o—c), 721 (8c—y of aromatic
ring).

2.3. Polymerization of N-phthaloylchitosan-graft-poly(acrylic
acid)

In a general procedure, N-phthaloylchitosan-BPATT (0.05g,
0.073 mmol of trithio groups) was dissolved in dry DMF (20 mL).
After dissolving completely, AIBN (0.0032 g, 0.02 mmol) and AA
(1.0 g, 13.9 mmol) were added. The reaction system was removed
oxygen with three freeze-pump-thaw cycles. The polymeriza-
tion proceeded at 80°C for specified time, and was terminated
by immersing into liquid N,. The N-phthaloylchitosan-graft-
poly(acrylic acid) copolymer (N-phthaloylchitosan-g-PAA) was
purified by pouring its DMF solution into 10-fold dichloromethane
to remove residual monomer, and dried in vacuum at 40°C to get
a yellow powder.

TH NMR (DMSO-dg): & (ppm)=12.3 (s, —COOH), 7.8-8.0 (m,
—CgH4— of N-phthaloyl), 7.1-7.3 (m,—CgHs of BPATT), 2.2 (s,—CH—
of PAA), 1.5and 1.7 (d,—CH,— of PAA). FTIR (KBr, cm~1): 3500-2500
(vo-n)-

2.4. Polymerization of N-phthaloylchitosan-g-(PNIPAAm-b-PAA)

In brief, N-phthaloylchitosan-g-PAA (0.3g, Mypaa=5335,
0.032 mmol of trithio groups) and dried DMF (15 mL) were stirred
magnetically in an ampoule. After dissolving completely, NIPAAm
(1.4g, 12.4mmol) and AIBN (0.0028 g, 0.017 mmol) were added.
After degassing by three freeze—-pump-thaw cycles, the reaction
was continued for determined time at 60°C. The reaction was
terminated by immersing the ampoule into liquid N,. The mixture
was then purified by precipitation with diethyl ether to remove
residual monomer, and dried in vacuum at 40°C. The conversion
of the monomer in solution for polymerization was determined
gravimetrically after dried completely.

TH NMR (DMSO-dg): § (ppm)=12.3 (s, —COOH), 7.9-8.0 (m,
—CgH4— of N-phthaloyl), 7.1-7.4 (m, —CgHs of BPATT and —NH—
of PNIPAAm), 3.8 (s, —CH(CHj3), of PNIPAAm), 2.2 (s, —CH— of PAA),
1.2-2.0 (m, —CH,— of PAA and —CH,—, —CH— of PNIPAAm), 1.0 (s,
—CHj3 of PNIPAAm). FTIR (KBr, cm~1): 1719 (vc—g), 1645 (v c—o of
amide), 1445 (8§ c—y of —CH3).

2.5. Measurement

TH NMR spectra were recorded at room temperature with a
Bruker spectrometer operating at 400 MHz by using DMSO-dg as
the solvent. Chemical shifts (§) are given in ppm using tetramethyl-
silane (TMS) as internal reference.

FTIR spectra were recorded on Nicolet 6700 at room tempera-
ture, the samples were prepared by the squash method with KBr.

The lower critical solution temperature (LCST) of graft poly-
mer was determined by UV-visible spectrophotometer (Shimadzu,
UV-2550PC) at wavelength of 500 nm. The LCST value of the copoly-
mer solution was defined as the temperature producing a 50%
decrease in transmittance. The temperature of the sample cells was
increased from 24 to 52°C.

The hydrodynamic diameters (D;) of the graft copolymer
micelles and the polydispersity index (PDI) were determined by
DLS (Delsa Nano C, Beckman Coulter) with a scattering angle of 165°
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Scheme 1. Schematic synthesis of N-phthaloylchitosan-g-(PNIPAAm-b-PAA) using RAFT technique.

at25°Cand 40°C. The solutions were prepared with 0.5 mg/mL and
filtered through nylon filters (pore size 0.45 pm).

TEM measurements were performed on an electron microscope
(JEM-1200EX, JEOL) with an acceleration voltage of 120 kV at room
temperature. Samples were prepared by placing a drop of the aque-
ous solution on a copper grid, which was covered with a perforated
polymer film and coated with carbon on both sides. The sample film
was thinned by blotting.

3. Result and discussion

In order to increase the solubility of chitosan, phthaloylation
may be regarded as the most effective method. Chitosan reacted
with PA resulted in partial O-phthaloylation, and the O-phthaloyl
group could be removed by hydrolysis for 5h in DMF containing
5% H,0. The degree of substitution of phthaloyl group was deter-
mined to be 97% by elemental analysis. In this research, the chitosan
macromolecular chain transfer agent was prepared through mod-
ification with BPATT. BPATT, an asymmetric trithiocarbonate, has
been already used as a chain transfer agent (CTA) for preparation
of well-defined, functional polymers containing AA, NIPAAm and
butyl acetate (BA) (Moad, Rizzardo, & Thang, 2006). In addition,
BPATT has the ability to generate different architectures, such as
hyper branch or star polymers, via the carboxylic group. Fig. 1b
shows the TH NMR spectrum of N-phthaloylchitosan-BPATT. The
new characteristic peaks at 7.2-7.4 ppm, 4.6 ppm were attributed
to phenmethyl protons in BPATT. FTIR spectrum (Fig. 2¢) also
confirms the structure of N-phthaloylchitosan-BPATT. The FTIR
spectrum of N-phthaloylchitosan-BPATT was no significant dif-
ference than that of N-phthaloylchitosan, probably attributed
to the absorption overlap of the trithiocarbonate (1062cm~1)
and chitosan (1077 cm~1). The characteristic peaks at 1276 cm™!
and 1138cm~! were assigned to the asymmetrical stretching
vibration and symmetrical stretching vibration of ester group.
These spectra analysis confirmed the successful synthesis of

N-phthaloylchitosan-BPATT. After the esterification between N-
phthaloylchitosan and BPATT, the degree of substitution was 68%
determined by 'H NMR spectrum, which meant the concentration
of trithio group was 1.46 mmol/g in N-phthaloylchitosan-BPATT.
Due to steric hindrance, it was inferred that the esterification
should be preceded at C-6 position.

AA was polymerized in present of N-phthaloylchitosan-BPATT
and AIBN. The polymerization was carried out in 20 mL DMF, in
which the RAFT agent was almost soluble. The graft copolymer
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Fig. 1. "H NMR spectra of N-phthaloylchitosan (a), N-phthaloylchitosan-BPATT (b),
N-phthaloylchitosan-g-PAA (c, t=2.5h) and N-phthaloylchitosan-g-(PNIPAAm-b-
PAA) (d, t=72h).
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The results of the RAFT polymerization of AA in DMF.

665

[M]o/[CTA]o [M]o (mol/L) Time (h) Conv.? (%) M theor ” (g/mol) Mhexp © (g/mol)
190 0.7 1 15 487 887
190 0.7 15 7.2 1267 1737
190 0.7 2 19.4 2936 3225
190 0.7 25 345 5002 5335
190 0.7 3 62.7 8859 9094
190 0.7 4 73.1 10,282 12,585

2 Monomer conversion was calculated according to the equation, Conv. (%)= Wp — Wy)/Wu x 100.
b The theoretical number-average molecular weight was calculated according to the equation, My, theor =Mm x Conv x [M]o/[CTA]o + Mcta.-
¢ The experimental number-average molecular weight was calculated by "H NMR spectroscopy in DMSO-dg.

structures were characterized by 'H NMR and FTIR spectra. Except
for the peaks of N-phthaloylchitosan, the characteristic peaks of
PAA were detected at 12.3 ppm, 2.2 ppm and 1.2-1.8 ppm, which
were assigned to protons of carboxyl group, methylene and methyl,
respectively (Fig. 1c). Compared with the FTIR spectrum of N-
phthaloylchitosan-BPATT, the absorption band between 2500 and
3500cm~! became wider indicating the formation of carboxyl
group, and the characteristic bond at 1720 cm~! (stretching of G=0)
enhanced in case of N-phthaloylchitosan-g-PAA. The results indi-
cated the formation of N-phthaloylchitosan-g-PAA using the RAFT
technique. The results of polymerization are summarily listed in
Table 1. The kinetic data given in Table 1 clearly indicated that N-
phthaloylchitosan-BPATT could allow an excellent control of AA
polymerization in DMF. With the BAPTT/AIBN ratio of 3.6 and the
AA/BAPTT ratio of 190, the first-order time-conversion displayed
an induction period of about 1 h. After the introduction period, the
RAFT equilibrium was established, and the reaction was depend-
ent on reaction time during the major part of polymerization. It
was obvious that the number-average molecular weight increased
linearly with polymerization time. The values of experiment molec-
ular weight were slightly larger than those of the theoretical, which
may be associated with the experimental error of the Conv. and the
difference of the methods of calculation. All the evidences proved
that the RAFT polymerization was well controlled in the process.
RAFT technique is considered as one of the most versa-
tile methods for synthesis well defined complex architectures,
such as block copolymer. In RAFT polymerization, the order of
constructing the blocks of a block copolymer should be very impor-
tant (Chong et al.,, 2003; Moad, Rizzardo, & Thang, 2009). The

propagating radical for the first formed block must be a good
homolytic leaving group with respect to that of the second block.
N-Phthaloylchitosan-g-(PNIPAAm-b-PAA) was synthesized using
N-phthaloylchitosan-g-PAA containing trithiocarbonate groups as
a macromolecular CTA, which was at a ratio of 1/74 or 1/126
compared to PAA block length. The polymerization of NIPAAm
usually carried out in pure water. Because N-phthaloylchitosan-
g-PAA could aggregate in pure water, the aggregation leads to a
full collapse of the block copolymers which results in a loss of
control (Millard et al., 2010). To avoid this loss, the polymeriza-
tion of NIPAAm was still carried out in DMF in our study. The
structure of finally graft copolymer was also confirmed by spec-
tral analysis. In TH NMR spectrum (Fig. 2d), several new peaks
at 1.1 ppm, 1.2-1.6 ppm, 2.3 ppm, 3.8 ppm and 7.0-7.5 ppm were
assigned to the characteristic resonances of PNIPAAm block. Fig. 3e
and f shows the FTIR spectra of N-phthaloylchitosan-g-(PNIPAAm-
b-PAA) obtained under special polymerization time. The spectrum
of N-phthaloylchitosan-g-(PNIPAAm-b-PAA) obtained for 24 h was
similar to that of N-phthaloylchitosan-g-PAA, because the content
of PNIPAAm was too low to be detected. Minko et al. discussed the
theoretical background of the radical polymerization initiated from
a solid substrate in which the initiator was attached to the surface
(Minko, Gafijchuk, Sidorenko, & Voronov, 1999). The subsequent
grafting of new chains could not start until the initiator stretched to
the maximum possible surface. That may be used to explain why the
content of PNIPAAm was so low after 24 h. With the polymerization
time increase, the characteristic peaks at 1645 cm~! (stretching of
(=0 in amide) and 1454cm~! (bending of C—H in methyl) were
appeared in Fig. 2e, and the absorption intensity of C—H stretch-
ing was greatly enhanced. These results further demonstrated the
successful in chain extension experiments of PNIPAAm. To further
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Fig. 2. FTIR spectra of chitosan (a), N-phthaloylchitosan (b), N- e

phthaloylchitosan-BPATT  (c),  N-phthaloylchitosan-g-PAA  (d, t=2.5h),
N-phthaloylchitosan-g-(PNIPAAm-b-PAA) (e, t=24h) and N-phthaloylchitosan-g-
(PNIPAAm-b-PAA) (f, t=72h).

Fig. 3. TEM image for N-phthaloylchitosan-g-(PNIPAAm-b-PAA) cast from aqueous
solution.
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Table 2
Block extension of PNIPAAm by RAFT polymerization in DMF.
Sample Monomer [M]o/[CTA]p [M]o (mol/L) Time (h) Conv.b (%) M theor © (g/mol) Mh,exp d (g/mol) DPaa/DPnipaam
A? AA 190 0.7 2.5 34.5 5002 5335 0
B NIPAAmM 243 0.62 24 1.27 348 393 213
C NIPAAmM 208 0.53 48 19.9 4673 4967 1.68
D NIPAAmM 217 0.53 72 393 9631 9879 0.85
E? AA 190 0.7 3 62.7 8859 9094 0
F NIPAAmM 302 0.53 72 394 13,456 16,278 0.87

PAA precursor was synthesized by RAFT in DMF with N-phthaloylchitosan-BPATT as macro-CTA.

The theoretical number-average molecular weight of PNIPAAm was calculated according to the equation, My, theor = Mm x Conv. x [M]o/[CTA]o.

a
b Monomer conversion was calculated according to the equation, Conv. (%)=(Wp — Wy )Wy x 100.
c
d

The experimental number-average molecular weight was calculated by 'H NMR spectroscopy in DMSO-ds.

the controlled nature in the chain extension of the PNIPAAm, the
experimental data are detailed in Table 2. The chain extension of the
PNIPAAm was nearly quantitative with the polymerization time.
Such evidence suggested that the macromolecular chain transfer
agent was available for subsequent chain extension and stable dur-
ing the polymerization.

In this research, the polydispersity of chitosan was unknown,
so the polydispersity of branch chain cannot be analyzed through
size exclusion chromatography. Barner reported that the RAFT
approach offers a key advantage in that the growing tethered
chains generated on the surface were in a dynamic equilibrium
with untethered chains in the solution phase (Barner, Zwaneveld,
Perera, Pham, & Davis, 2002). However, there was little homo-PAA
found in our experiment because the high ratio of [CTA]/[I]o can
prevent the number of dead chains from exceeding 5% (Smith, Xu,
& McCormick, 2010), and the homo-polymer cannot be separated
from the system through exhaustive extraction mentioned by Hua
(Huaetal., 2008), because portion of graft copolymer could dissolve
in the process of separation through exhaustive extraction with hot
water and ethanol. It was reported that the morphologies of graft
copolymer were associated with the polydispersity of the copoly-
mer (Shen, Yu, & Huang, 2005). Fig. 3 shows the corresponding TEM
image at 25°C. The symmetric spheres with 200-300 nm diam-
eters and shell-corona structure were clearly seen in the image.
Micelles were formed in aqueous solution with chitosan form-
ing the micellar core and PNIPAAm-b-PAA forming the corona. To
further investigate the structures of micelles in solution, DLS mea-
surements were performed on graft copolymer aqueous solution
at 25°C and 40°C (Fig. 4). The size distribution was very narrow,
which can be associated with the “well-defined” branch chains. It is
found that the hydrodynamic diameter (Dy, ) of the graft copolymer
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Fig. 4. DLS analysis in water at 25°C and 40°C.

in water increased with the branch side chains. This also offers fur-
ther evidence of the structure of micelles. Comparing the results
at 25°C and 40°C, micelle had the smaller D;, and the narrower
size distribution at high temperature. This should attribute to the
block of PNIPAAm collapsed into the coils at 40°C, resulted Dy,
decreasing.

In order to evaluate the thermo sensitive behavior of
N-phthaloylchitosan-g-(PNIPAAm-b-PAA), Fig. 5 shows the trans-
mittance curves of solution of N-phthaloylchitosan-g-(PNIPAAm-
b-PAA) at different temperatures and pHs. For all the samples, a
decrease of the transmittance was observed with the increasing
temperature. The LCST value of the copolymer solution was defined
as the temperature producing a 50% decrease in transmittance.
At pH 7.0, the LSCT of sample D and sample F solutions with the
0.4 mg/mL concentration were 37.2°C and 39°C and the LCST of
sample D solutions with the 0.8 mg/mL concentration was 38.7 °C.
Generally, the PNIPAAm homopolymer exhibits a sharp reversible
phase transition at 32-34°C in water. The LCST of PNIPAAm can be
effectively controlled by incorporating hydrophilic or hydropho-
bic units (Zhang, Srivastava, & Misra, 2007). The LCST values of all
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N-phthaloylchitosan-g-(PNIPAAm-b-PAA) were higher than that of
PNIPAAm. This phenomenon was considered to the connection of
PNIPAAm block with hydrophilic PAA block. With the M, of PNI-
PAAm and PAA blocks increasing, the LCST value was ascended. The
phenomenon was easy to understand with the interaction between
two blocks, which was increased with the ratio of hydrophilic PAA
to PNIPAAm increasing. Interestingly, it was found that the con-
centration also affected the LCST. The sample D with the 0.8 mg/mL
concentration was 38.7 °C, higher than that of 0.4 mg/mL. In addi-
tion, the graft copolymer showed a wide phase transition with
a temperature range of about 18 °C, not a sharp phase transition
like that of PNIPAAm. The difference may arise from the different
aggregation structures. On the one hand, the PNIPAAm chain in
homo-polymer could move freely, comparatively, PNIPAAm in N-
phthaloylchitosan-g-(PNIPAAm-b-PAA) was tethered to the core of
chitosan and PAA block. When the temperature changed, the move-
ment of PNIPAAm blocks was constrained than the free PNIPAAm
chains. On the other hand, this phenomenon also ascribed to the
effect of solubilization of PAA blocks, which was confirmed through
the experiment. At pH 4.5, transmittance of sample D with the
0.8 mg/mL concentration decreased rapidly when the temperature
was raised above LCST, 34.2 °C, indicating forming large aggregates
easily due to insoluble of PAA blocks.

4. Conclusion

In this research, N-phthaloylchitosan-g-(PNIPAAm-b-PAA) was
obtained by RAFT polymerization. N-Phthaloylchitosan was mod-
ified with BPATT to serve as macro RAFT agent, and then the
graft polymerizations of AA and NIPAAm were successively per-
formed in DMF. The controlled/living characteristics were proven
for the polymerizations. '"H NMR and FTIR spectra demonstrate the
successful synthesis of the graft copolymer. N-phthaloylchitosan-g-
(PNIPAAm-b-PAA) could assemble to micelles in aqueous solution
in range of 200-300 nm with narrow size distribution, and the
hydrodynamic diameter could be controlled dependent on length
of branch chains and temperature. Hydrogen bonding in PNIPAAm-
b-PAA branch chains influenced strongly their behavior in solution.
Transmittance measurements indicated LCST of the graft copoly-
mer aqueous solution was a little higher than that of PNIPAAm
solution at pH 7.0. The graft copolymer showed a wide phase tran-
sition at pH 7.0, but exhibited a sharp reversible phase transition
at pH 4.0.
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