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ABSTRACT: Narrowdisperse poly(divinylbenzene-co-N-
isopropylacrylamide) (poly(DVB-co-NIPAM)) functional mi-
crospheres with the diameter in the range of 630 nm and 2.58
mm were prepared by distillation–precipitation polymeriza-
tion in neat acetonitrile in the absence of any stabilizer. The
effect ofN-isopropylacrylamide (NIPAM) ratio in the comono-
mer feed on the morphology of the resultant polymer particles
was investigated in detail with divinylbenzene (DVB) as cross-
linker and 2,20-azobisisobutyronitrile (AIBN) as initiator.
The monodisperse poly(DVB-co-NIPAM) microspheres with
NIPAM fraction of 20 wt % were selected for the prepara-
tion of raspberry-like core-corona polymer composite by

the hydrogen-bonding self-assembly heterocoagulation with
poly(ethyleneglycol dimethacrylate-co-acrylic acid) [poly
(EGDMA-co-AA)] nanospheres. Both of the functional poly
(DVB-co-NIPAM) microspheres and the core-corona particles
were characterized with scanning electron microscopy (SEM),
Fourier transform infrared spectra (FTIR), and elemental anal-
ysis (EA). � 2007 Wiley Periodicals, Inc. J Appl Polym Sci 104:
1350–1357, 2007
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INTRODUCTION

The functional polymer microspheres with optimized
characteristics, such as uniform size and shape, func-
tionality of the base polymer, morphology of the poly-
mer particles, and degree of crosslinking, have been
widely used in various fields, such as biotechnology,
metallic colloid stabilizer, chromatography separa-
tion, biomedical devices, coating additives, controlled
release reservoirs, and in other areas.1–8 To date, work
has been reported on the utilization of microspheres
as microscopic markers for antigens and antibodies on
the surface of the cells.9 The synthesis of hydrophilic
microspheres with carboxylic acid, hydroxyl, and
amino groups on the surface of the microspheres has
been attempted by various techniques, in which the
functional groups were used to covalently bind anti-
bodies and other proteins to the particles. The control
of the functionality, the size, and the uniformity of the

polymer microspheres has been a major area of inter-
est, especially for the micron and nano-size range.

Recently, thermally responsive poly(N-isopropyl-
acrylamide) (PNIPAM) microgels have attracted much
attention because of their scientific importance and
industrial applications.10 The NIPAM microspheres
are commonly prepared by emulsion polymeriza-
tion,11,12 dispersion polymerization,13,14 and precipita-
tion polymerization.14,15 However, the surfactants in
aqueous solution and stabilizers in organic solution
are critical to stabilize the polymer phase and to avoid
the aggregation of particles in dispersion and emul-
sion polymerizations, respectively. Precipitation poly-
merization is unique to afford polymer microspheres
with uniform size and shape, which can lead to nar-
rowdisperse particles free of any added surfactant or
stabilizer. PNIPAM thermoresponsive hydrogels with
low crosslinking degrees were often prepared by these
methods in the range of nano- or submicrometer size
for the application as biological carrier.16

The raspberry-like composites consisting of two
kinds of particles have attractive characteristics, such
as unique morphology, designed surface properties,
large surface area, and high light-scattering ability
when compared with the spherical microspheres.
Raspberry-like core-shell composite particles were
once synthesized by self-assembly technique through
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the electrostatic interaction between the positively
charged polyferrocenylsilane microspheres with nega-
tively charged silica particles.17 Heterocoagulation of
large and small oppositely charged colloid particles,
accompanied by spreading of small beads over the
surface of large spheres, has offered a promising alter-
native to the synthesis of core-shell particles.18 The
interaction between two different macromolecules
plays an important role in a living system since bio-
logical phenomena such as enzymatic process and
protein synthesis are indebted principally to specific
intermacromolecular interactions and structural prop-
erties of the resultant macromolecular assemblies.
Walt and coworkers have used the heterocoagulation
technique through the specific chemical and biological
interactions as a way to control the structure of the
particle assembly.19 The hydrogen-bonding interac-
tion has been utilized widely to fabricate the multi-
layer films of weak polyelectrolytes by self-assembly
technique.20,21 These findings suggest the possibility
to employ the hydrogen-bonding interaction as a use-
ful driving force for the preparation of raspberry-like
polymer composite particles.

Recently, we reported the distillation–precipitation
polymerization as a novel technique to afford mono-
disperse poly(divinylbenzene) (polyDVB)22 and hydro-
philic polymer microspheres with carboxylic acid
groups23 in neat acetonitrile in the absence of any sta-
bilizer or surfactant. Furthermore, the anomalous
polymer particles with raspberry-like structure having
uneven surfaces were prepared by a self-assembly
heterocoagulation of poly(ethyleneglycol dimethacry-
late-co-acrylic acid) [poly(EGDMA-co-AA)] nano-
spheres on poly(divinylbenzene-co-styryl methyl pyri-
dinium chloride) [poly(DVB-co-StMPyCl)] surfaces
based on a charge compensation mechanism through
the affinity complex between carboxylic acid and pyri-
dinium group.24 In the present article, monodisperse
polymer microspheres having PNIPAM component
were prepared by distillation–precipitation polymer-
ization of divinylbenzene (DVB) as crosslinker and N-
isopropylacrylamide (NIPAM) with 2,20-azobisisobu-
tyronitrile (AIBN) as initiator in neat acetonitrile in the
absence of any stabilizer or surfactant and the core-co-
rona composite polymer particles with raspberry-like
morphology having uneven surfaces were afforded
by the self-assembly of poly(EGDMA-co-AA) nano-
spheres on poly(DVB-co-NIPAM) surfaces based on
hydrogen-bonding interaction.

EXPERIMENTAL

Chemicals

Divinylbenzene (DVB80, 80% DVB isomers, Shengli
Chemical Technical Factory, Shandong, China) was
washed with 5% aqueous sodium hydroxide, water, and

dried over anhydrous magnesium sulfate prior to use.
N-isopropylacrylamide (NIPAM) was purchased from
Acros and recrystallized from hexane. Ethyleneglycol
dimethacrylate (EGDMA) was obtained from Aldrich
Chemical and utilized without any further purification.
Acrylic acid (AA) was purchased from Tianjin Chemical
Reagent II and purified by vacuum distillation. 2,20-Azo-
bisisobutyronitrile (AIBN) was analytical grade available
from Chemical Factory of Nankai University and was
recrystallized from methanol. Acetonitrile (analytical
grade, Tianjin Chemical Reagents II) was dried over 4 Å
molecular sieves and purified by distillation before utili-
zation. The other reagents were of analytical grade and
utilized without any further purification.

Preparation of poly(DVB-co-NIPAM) microspheres

Crosslinked poly(DVB-co-NIPAM) microspheres were
prepared by distillation–precipitation polymerization
of DVB80 and NIPAM with AIBN as an initiator in
neat acetonitrile in absence of any additive or surfac-
tant. A typical procedure for the distillation–precipita-
tion polymerization: DVB80 (1.7 mL, 1.6 g, 12.3 mmol),
NIPAM (0.4 g, 3.5 mmol) (total loading of comono-
mer as 2.5 wt % of the reaction medium) and AIBN
(0.04 g, 0.24 mmol, 2 wt % relative to the total como-
nomers) were dissolved in 80 mL of acetonitrile in a
dried two-necked flask attaching with a fractionating
column, Libieg condenser, and a receiver. The flask
was submerged in a heating mantle and the reaction
mixture was heated from ambient temperature till
boiling state within 30 min, and the reaction system
was kept under refluxing state for 20 min. Then, the
solvent began to be distilled from the reaction sys-
tem. The initial homogeneous reaction mixture be-
came milky white after boiling for 15 min. The reac-
tion was ended after 40 mL of acetonitrile and was
distilled from the reaction system within 1.5 h. The
resulting polymer microspheres were separated by
vacuum filtration over a G-5 sintered glass filter and
washed successively with THF, ethanol, and ether
for three times. Then, the polymeric particles were
dried at 508C in a vacuum oven till constant weight.

The procedures for the other distillation–precipitation
polymerizations were much similar to that of the typical
one by altering the comonomer ratio of DVB80 and
NIPAM, while the total comonomer feed and AIBN ini-
tiator were kept at 2.5 wt % of the reaction medium and
2 wt % corresponding to the whole comonomers, respec-
tively. The reproducibility of the results was confirmed
through several duplicate and triplicate experiments.

Preparation of raspberry-like polymer composite
by self-assembly process

Monodisperse poly(EGDMA-co-AA) polymer micro-
spheres were prepared according to our previous
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work23 by distillation–precipitation polymerization of
EGDMA and AA (EGDMA/AA ¼ 4/6 as volume ra-
tio in the comonomer feed) with AIBN initiator in neat
acetonitrile. The loading capacity of the accessible car-
boxylic acid group on the polymer microspheres was
determined by acid-base titration.

Self-assembly heterocoagulation of poly(EGDMA-
co-AA) nanospheres and poly(DVB-co-NIPAM) micro-
spheres was performed as follows: 0.05 g of cross-
linked poly(DVB-co-NIPAM) core particles were dis-
persed in 5 mL of suspension of poly(EGDMA-co-AA)
nanospheres (10 mg/mL) in ethanol on a SHA-B
shaker. The self-assembly heterocoagulation was car-
ried out at room temperature with gentle agitation by
rolling the bottles in a horizontal position to �40 rpm
overnight. The resultant heterocoagulates were sepa-
rated by centrifugation and dried in a vacuum oven at
room temperature overnight.

Characterization

The morphology of the polymer microspheres and the
resultant raspberry-like composite heterocoagulates
was studied by scanning electron microscopy (SEM)
using a Scanning Electron Microscope Quanta-200. All
of the SEM size data reflect the averages about 100
particles each, which are calculated according to the
following formula:

U ¼ DW=Dn Dn ¼
Xk

i¼1
niDi=

Xk

i¼1
ni

Dw ¼
Xk

i¼1
niD

4
i =

Xk

i¼1
niD

3
i

where, U is the polydispersity index, Dn is the num-
ber–average diameter, Dw is the weight–average
diameter, and Di is the diameter of the determined
microspheres.

Transmission electron microscopy (TEM) was deter-
mined by a Tecnai G2 20 S-TWINMicroscope.

Fourier transform infrared analysis was performed
on a Bio-Rad FTS 135 spectrometer with scanning over
the range of 400–4000 cm�1. Elementary analysis was
determined on a PerkinElmer 2400 instrument to
determine the nitrogen content of the resulting poly-
mer microspheres.

RESULTS ANDDISCUSSION

PolyDVB22 and poly(divinylbenzene-co-chloromethyl-
styrene) (poly(DVB-co-CMSt))25 were prepared in our
previous works by distillation–precipitation polymer-
ization, in which the crosslinker such as DVB and
monovinyl comonomers used were styrenic and
hydrophobic in nature. Here, we intend to utilize this
technique to prepare monodisperse hydrophilic micro-
spheres with thermoresponsive component NIPAM

and investigate the self-assembly behavior of the
resultant poly(DVB-co-NIPAM) with poly(EGDMA-
co-AA) nanospheres to afford core-corona raspberry-
like polymer composites based on a hydrogen-bonding
process.

Preparation of poly(DVB-co-NIPAM)

Crosslinked polymer networks afforded by free radical
polymerization of NIPAM with crosslinker, such as
methylene bisacrylamide (MBA), were found attrac-
tive as microgel colloidal particles, which exhibited
thermosensitive properties with a dramatic change of
their colloidal behavior (particle size, eletrophoretic,
and colloidal stability) above the low critical solubility
temperature (LCST).15,26–30

A series of experiments were initially designed to
investigate the effect of NIPAM fraction in the como-
nomer feed on the morphology of the poly(DVB-co-
NIPAM) particles resulting from the distillation–pre-
cipitation polymerization. The SEM micrographs of
the poly(DVB-co-NIPAM) particles with different
NIAPM fractions in the range of 0–40 wt % were illus-
trated in Figure 1.

Figures 1(a–d) showed the images of monodisperse
microspheres obtained with the NIPAM fraction of 0,
5, 30, and 40 wt %, respectively. All these polymer
particles had nearly perfect spherical shape with non-
segmented surfaces. With NIPAM increasing further
toward 30 wt %, irregular particles with a broad size
distribution were obtained as shown in Figure 1(c). A
few of second-initiated particles were observed when
NIPAM fraction in the comonomer feed was higher
than 30 wt % as shown in Figure 1(d) with NIPAM
fraction of 40 wt % as a sample. This may be because
of the different reactivity between DVB and NIPAM
during the radical polymerization and the different
solubility of polyDVB and PNIPAM in acetonitrile
media, which was much similar to the case of the dis-
tillation–precipitation polymerization of DVB and AA
in our previous work.23 The solubility parameters of
polyDVB, PNIPAM, and CH3CN are 17.6, 21.2, and
24.3 MPa1/2, respectively,31 which lead to the easier
precipitation of oligomer of DVB than that of NIPAM
from the reaction system. With the polymerization
occurring with NIPAM feed higher than 35 wt %, the
surface of the initially formed poly(DVB-co-NIPAM)
microspheres cannot capture all the newly formed
oligomers with more NIPAM fragments in the later
stage because of the lower ability of the residual dou-
ble bonds on the surface to capture the oligomers
from the reaction system, which caused the second-
initiated particles. On the other hand, the number of
the nuclei formed during the polymerization de-
creased with increasing the NIPAM fraction in the
comonomer feed (decreasing the crosslinking degree),
which retarded the formation of nuclei and the parti-
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cle nucleation to result in the polymer particles with a
broader distribution. When the NIPAM fraction in the
comonomer feed was higher than 80 wt %, no precipi-
tant was formed at all and only a significant sol frac-
tion was isolated.

The size, size distribution, and the yield of poly
(DVB-co-NIPAM) particles with different NIPAM
fractions in the comonomer feed were summarized in
Table I.

The size of the microspheres increased significantly
from 1.29 mm at NIPAM of 0.05–2.58 mm at NIPAM of
20 wt % with the polydispersity index (U) around
1.002. Then, the size decreased with further enhancing
NIPAM fraction to 25 wt %, especially in the case of

NIPAM fraction of 30 wt % originating from the broad
size distribution with U of 1.340. The solubility param-
eters of the solvent played a significant role in dissem-
inating the resultant polymer microspheres with a sta-
ble spherical shape in dispersion polymerization31,32

as well as precipitation polymerization.33 The final
particle size was determined by the conversion of the
comonomers and the number of nuclei formed during
the polymerization. With increasing NIPAM fraction
in the polymer network, it can retard the formation of
the nuclei because of the good solubility of PNIPAM
fragment in acetonitrile to result in larger size for the
polymerization. In other words, more nuclei were
formed with higher crosslinking degree of DVB at the

Figure 1 SEM micrographs of poly(DVB-co-NIPAM) microspheres with various NIPAM fraction in the comonomer feed: (a)
0; (b) 5; (c) 30; and (d) 40 wt %.
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initial stage of polymerization, which tended to
decrease the particle size. On the other hand, the con-
version of the comonomers for the polymerization
decreased dramatically from 31% of PDVB to around
12% of poly(DVB-co-NIPAM) system, which may be
because of the increasing solubility of the oligomers
with NIPAM fraction in acetonitrile. The resultant di-
ameter of the polymer particles was determined by
these two competitive factors. Therefore, the size of
the poly(DVB-co-NIPAM) fluctuated in the range of
1.29 and 2.58 mm with the maximum size at NIPAM
fraction of 20 wt % in the comonomer feed. With
crosslinking degree decreasing further to 30 wt %
(entry E30, Table I), the smaller particles with a broad
size distribution were afforded because of the much
late formation of nuclei and slow particle nucleation
during the polymerization.

Nitrogen content of the resultant poly(DVB-co-
NIPAM) microspheres from elemental analysis (EA)
increased considerably from 0.83 wt % of PDVB (the
residual part from the AIBN initiator) to 1.37% of poly

(DVB-co-NIPAM) (DVB/NIPAM ¼ 70/30 in mass ra-
tio). The presence of the residual cyano group from
AIBN initiator on the polymer microspheres was pro-
ven by the typical peak at 2236 cm�1 in Fourier trans-
form infrared spectra (FTIR) spectra as shown in Fig-
ure 2(a) (E0) assigning to the stretching vibration of
cyano group. The successful incorporation of NIPAM
to the poly(DVB-co-NIPAM) microspheres was con-
firmed further by FTIR spectra as shown in Figure
2(b–d) (E10–E30) with the characteristic peaks at
1675 cm�1 as well as 3425 cm�1 corresponding to the
vibration of the second-amide group in NIPAM frag-
ment. However, the nitrogen contents proved that the
NIPAM content incorporated was much less than the
feed composition. Such results may be originated
from the higher reactivity of DVB crosslinker com-
pared to that of NIPAM during distillation–precipita-
tion polymerization with AIBN as initiator.

The residual double bonds on the surface of poly-
mer microspheres played an important role for the
formation and extension of monodisperse particles,
which can capture the soluble oligomers and mono-
mers to grow the polymer particles and prevent the
coagulation during the distillation–precipitation poly-
merization. All the FTIR spectra of the resultant poly
(DVB-co-NIPAM) microspheres had a weak peak at
1628 cm�1 because of the vibration of the residual double
bonds on the surface, a strong peak at 1675 cm�1 corre-
sponding to the vibration of the amide group in NIPAM
fragment, a strong peak at 2929 cm�1 assigning to the
vibration of the benzyl backbone, respectively. The ratios
of peak area 1628/2929 and 1675/2929 cm�1 for all the
polymer microspheres calculated by Kubelka-Munk
units were summarized in Table II.

The results indicated that A1675/A2929 (amide group
in NIPAM) increased significantly from 0 of PDVB to
0.090 wt % of poly(DVB-co-NIPAM) (DVB/NIPAM
¼ 30/70 as mass ratio in comonomer feed) with simul-
taneous decrease of A1628/A2929 from 0.021 to 0.008
(residual double bonds). All these results demon-
strated that the loading of the NIPAM on the poly
(DVB-co-NIPAM) microspheres increased signifi-

Figure 2 FTIR spectra of poly(DVB-co-NIPAM) micro-
spheres with various NIPAM fraction in the comonomer
feed: (a) 0; (b) 10; (c) 20; and (d) 30 wt %.

TABLE I
Size, Size Distribution and the Yield of Poly(DVB-co-NIPAM) Microspheres

Entry

Fraction of
NIPAM
(wt %)

Dn

(mm)
Dw

(mm) U

Nitrogen
content
(wt %)

Yield
(%)

E0 0 1.99 2.03 1.019 0.83 31
E5 5 1.29 1.41 1.098 0.69 13
E10 10 1.45 1.71 1.180 0.93 14
E15 15 1.91 2.21 1.159 0.93 10
E20 20 2.58 2.58 1.002 1.20 14
E25 25 2.37 2.50 1.054 1.37 9
E30 30 0.63 0.84 1.340 1.30 12
E40 40 Second-initiated particles
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cantly with the increase of NIPAM fraction in the
comonomer feed, which was consistent with the result
of the EA.

Raspberry-like core-corona polymer composite via
hydrogen-bonding self-assembly

It is critical to work with polymer particles rather than
small molecules having only one limited spot for
interaction because the microspheres provide many
spots for interparticle interaction for the formation of
a single integral polymer composite consisting of two
different polymer microspheres. The hydrogen-bond-
ing interactions as the driving force have been utilized
to prepare ultra-thin films through layer-by-layer as-
sembly.20,21,34 The resultant poly(DVB-co-NIPAM)
microspheres were then used to prepare the rasp-
berry-like core-corona composite through self-assem-
bly heterocoagulation via hydrogen bonding interac-
tion with poly(EGDMA-co-AA) nanospheres in etha-
nol as illustrated in Scheme 1.

It is well-known that PNIPAM and PAA are good
hydrogen-bonding complementary partners, which
have been used to fabricate the thermoresponsive
thin films via self-assembly technique.34 In the pres-
ent work, the core-corona polymer composite with
raspberry-like structure was produced based on an
interparticle hydrogen-bonding mechanism as
shown in Scheme 1. The hydrogen-bonding of the
complementary partners between the amide group
and carboxylic acid groups used in the present work
were poly(DVB-co-NIPAM) (Entry E20 in Table I)
microspheres and poly(EGDMA-co-AA) nanosphe-
res, in which poly(DVB-co-NIPAM) acted as core and
poly(EGDMA-co-AA) behaved as corona, respec-
tively. The typical SEM image of poly(DVB-co-
NIPAM)/poly(EGDMA-co-AA) core-corona compo-
sites was shown in Figure 3(c), which was prepared
from poly(DVB-co-NIPAM) [Fig. 3(a)] microspheres
and poly(EGDMA-co-AA) nanospheres [Fig. 3(b)]
with diameter of 180 nm and active carboxylic acid of
7.90 mmol/g determined by acid-base titration. The
coverage was observed nearly constant after two
particles was mixed immediately, which suggested

that their hydrogen-bonding assembly was a rapid
process. In addition to the hetero-association be-
tween secondary amide and acid groups, the other
aggregates also observed in Figure 3(c) may be
because of the self-association in the presence of am-
ide–amide and acid–acid interactions between poly
(DVB-co-NIPAAm) and poly(DVB-co-AA) particles,
respectively.

The stability of the resultant heterocoagulates after
ultrasonic treatment in ethanol was also investigated
by TEM technique as shown in Figure 3(d). Poly
(EGDMA-co-AA) particles were attached densely on
the poly(DVB-co-NIPAM) surface, indicating the high
stability characterization of raspberry-like composite
and the strong affinity between the core and corona
particles.

In our previous work, raspberry-like composites
were formed by the self-assembly of poly(EGDMA-
co-AA) nanospheres and poly(DVB-co-StMPyCl)
microspheres through a charge compensation mech-
anism.24 Here, the hydrogen-bonding interaction of
amide group in NIPAM and carboxylic acid comple-
mentary partners between the core and corona par-
ticles played a key role as the driving force during
the heterocoagulation, which was much different
from those reported in the literature.17–19,24 The syn-
ergistic interparticle hydrogen-bonding of polymer
composites was probably associated with the hydro-
gen donor of the carboxylic acid group in poly
(EGDMA-co-AA) corona and the second-amide
group in poly(DVB-co-NIPAM) core, while the lone-
pair electron of the oxygen atom in amide group of
poly(DVB-co-NIPAM) core and the oxygen atom of
the carboxyl group on poly(EGDMA-co-AA) corona
behaved as electron-donating group as illustrated
in Scheme 1. To understand the interaction mode
between poly(DVB-co-NIPAMl) and poly(EGDMA-
co-AA) particles during the self-assembly process,
FTIR spectra were measured for these two particles
and raspberry-like composites as shown in Figure 4.
For poly(EGDMA-co-AA) and raspberry-like compo-
sites, the adsorption band of the carboxylic acid had
a strong peak centered at 1730 cm�1 corresponding
to the characteristic stretch vibration of the carbonyl

Scheme 1 The preparation of the raspberry-like core-co-
rona polymer composite via hydrogen-bonding assembly
heterocoagulation.

TABLE II
Area Ratios of Key FTIR Bands in Poly(DVB-co-NIPAM)

Microspheres with Various NIPAM Fractions
in the Comonomer Feeda

Entry A1628/A2928 A1675/A2928

a 0.021 0
b 0.017 0.045
c 0.013 0.069
d 0.008 0.090

(a) 0 wt %; (b) 10 wt %; (c) 20 wt %; (d) 30 wt %.
a The peak areas adjusted according to the Kubelka-Munk

method.

PREPARATION OF POLY(DVB-co-NIPAM) MICROSPHERES 1355

Journal of Applied Polymer Science DOI 10.1002/app



group in AA segment. For both of poly(DVB-co-
NIPAM) and raspberry-like composites, the FTIR
spectra contained a peak at 1675 cm�1 assigning to
the characteristic vibration of carbonyl group in
NIPAM segment. For the raspberry-like composites
(curve c, Fig. 4), the appearance of a new peak at
1701 cm�1 demonstrated that the hydrogen-bonding
existance occurred between the core and corona
microspheres through the interparticle affinity com-
plex interaction between the carboxylic acid and the
secondary aimide group. It was evident that such
driving force originating from the interparticle

hydrogen-bonding for the self-assembly competed
favorably with the existed-intramolecular associa-
tion of carboxylic acid units within PAA segments at
low pH.35

The core-corona polymer assemblies have pro-
vided characteristics uniquely different from those
in homogeneous media and film states, such as
uneven surfaces with large area. It is evident that the
hydrogen-bonding interaction can be used as a use-
ful method to design the other composite with novel
structure and surface. The resultant poly(DVB-co-
NIPAM)/poly(EGDMA-co-AA) raspberry-like com-

Figure 3 SEM micrographs of raspberry-like core-corona polymer composite: (a) poly(DVB-co-NIPAM) (NIPAM/DVB
¼ 20/80 as mass ratio); (b) poly(EGDMA-co-AA) (EGDMA/AA ¼ 40/60 as volume ratio); (c) raspberry-like core-corona com-
posite; (d) TEMmicrograph of polymer composite after ultrasonication bathing.
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posite particles with hydrophilic carboxylic acid
uneven surfaces may be expected to prepare super-
hydrophilic functional material because of the sim-
plicity and efficiency of this procedure.

CONCLUSIONS

Narrowdisperse poly(DVB-co-NIPAM) functional
microspheres were prepared by distillation precipi-
tation polymerization of NIPAM with DVB as cross-
linker in neat acetonitrile without any additive or
surfactant. The SEM images showed that the result-
ant poly(DVB-co-NIPAM) microspheres had a spher-
ical shape with nonsegmented surfaces and narrow-
dispersion in the range of 1.45 and 2.58 mm in the
presence of 0–25 wt % of NIPAM in the comonomer
feed. The successful incorporation of NIPAM seg-
ment in the polymer microspheres was proven by
EA and FTIR spectra, which increased considerably
with increasing NIPAM fraction in the comonomer
feed. The raspberry-like core-corona polymer com-
posite based on the resultant poly(DVB-co-NIPAM)
microspheres was prepared by self-assembly hetero-
coagulation with poly(EGDMA-co-AA) nanospheres
through the synergistic hydrogen interaction be-
tween the second-amide group in core and the car-
boxyl group in the corona, which was confirmed fur-
ther by FTIR spectra. The resultant raspberry-like
composite was stable under ultrasonic treatment in
ethanol.
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Ozin, G. A.; Manners, I. J Am Chem Soc 2002, 124, 12522.

18. Li, H.; Han, J.; Panioukhine, A.; Kumacheva, E. J Colloid Inter-
face Sci 2002, 255, 119.

19. Fleming, M. S.; Mandal, T. K.; Walt, D. R. Chem Mater 2001, 13,
2210.

20. Wang, L. Y.; Fu, Y.; Zhang, Z. Q.; Fan, Y.; Zhang, X. Langmuir
1999, 15, 1360.

21. Sukhishvili, S. A.; Granich, S. J Am Chem Soc 2000, 122, 9550.
22. Bai, F.; Yang, X. L.; Huang, W. Q. Macromolecules 2004, 37,

9746.
23. Bai, F.; Yang, X. L.; Li, R.; Huang, B.; Huang, W. Q. Polymer

2006, 47, 5775.
24. Li, G. L.; Yang, X. L.; Bai, F.; Huang, W. Q. J Colloid Interface Sci

2006, 297, 705.
25. Li, S. F.; Yang, X. L.; Huang, W. Q. Chin J Polym Sci 2005, 23, 197.
26. Meunier, F.; Elaissari, A.; Pichot, C. Polym Adv Technol 1995, 6,

489.
27. Fujimoto, K.; Nakajima, Y.; Kashiwabara, M.; Kawaguchi, H.

Polym Int 1997, 30, 237.
28. Kawaguchi, H.; Kawahara, M.; Yaguchi, N.; Hoshino, F.;

Ohtsuka, Y. Polym J 1998, 20, 903.
29. Kratz, K.; Hellweg, T.; Eimer, W. Polymer 2001, 42, 6631.
30. Wu, X.; Pelton, R. H.; Hamielec, A. E.; Woods, D. R.; McPhee W.

Colloid Polym Sci 1994, 272, 467.
31. Ober, C. K.; Hair, M. L. J Polym Sci Part A: Polym Chem 1987,

25, 653.
32. Horak, D.; Krystufek, M.; Spervacek, J. J Polym Sci Part A:

Polym Chem 2000, 38, 653.
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