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ABSTRACT: Poly(N-isopropylacrylamide) (PNIPAM) microgels were prepared through soap-free emulsion polymerization using 2, 2'-
azobisobutyronitrile and potassium persulfate as initiator respectively. The thermal response of microgels was researched by meas-
uring the transmittance and the hydrodynamic diameter of the microgels at different temperatures. The result shows that the different
structure of the end groups of polymer that come from residues of initiator result in the different thermal response of PNIPAM
microgels. The LCST (lower critical solution temperature) of AIBN-initiator microgels is 5°C lower than that of the KPS-initiator
microgels, whereas the AIBN-initiated PNIPAM microgels have better thermal response sensitivity. The scanning electron microscope
characterization shows that the morphology of AIBN-initiated PNIPAM microgels is more regular than that of KPS-initiated. Further-
more, the T, of the microgels was measured by differential scanning calorimeter and the result indicates that the end groups influen-
ces the T, of microgels severely. This work demonstrated that the hydrophobic end group coming from initiators can decreases the
LCST of PNIPAM microgels and increases the thermal response sensitivity, which providing a newly simple but effective method to

regulate the thermal response of PNIPAM microgels. © 2013 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 130: 1164-1171, 2013

KEYWORDS: colloids; functionalization of polymers; microgels; phase behavior

Received 9 December 2012; accepted 18 March 2013; Published online 17 April 2013

DOIl: 10.1002/app.39291

INTRODUCTION

Temperature sensitive materials have attracted significant inter-
est of many researchers because of their ability of intelligent
response to external temperature changes. Perhaps the most
extensively investigated class of responsive polymers are temper-
ature-sensitive poly(N-isopropylacrylamide) (PNIPAM), which
exhibits a phase transition named lower critical solution tem-
perature (LCST) around 32-34°C.'~> In aqueous solution, PNI-
PAM undergoes a reversible phase transition caused by the coil-
to-globule transition close to its LCST. When the environmental
temperature is below the LCST, PNIPAM adsorbs much water
and exhibits a swollen and hydrophilic state, whereas above the
LCST; it becomes hydrophobic because of expelling free water
inside the polymer network and demonstrates abrupt volume
shrinkage.””> Because of their unique properties, PNIPAM
microgels have numerous potential applications in various bio-
medical and biotechnological fields, including controlled drug
delivery systems,” " sensing,'" catalysis,'* optical devices," arti-
ficial organs,'* “on—off” switches,'> and so on.

The LCST is important to thermal responsive materials, because
it determines the application fields of the material. As the first
thermal-sensitive microgel synthesized from N-isopropylacryla-
mide (NIPAM) and N, N-methylene-bis-acrylamide (MBA) was

© 2013 Wiley Periodicals, Inc..

J. APPL. POLYM. SCI. 2013, DOI: 10.1002/APP.39291

WILEYONLINELIBRARY.COM/APP

reported in 1986,'° how to adjust the LCST and the thermal
response sensitivity of the materials is always the focus of
research. According to the reported work, there are mainly three
methods to adjust the LCST of PNIPAM microgels. They are
introducing the secondary copolymerization monomer,'~**
modifying the end group of polymer chain,”»** and adding
additive, respectively.””° But these methods have their own
fault. The former two methods both modify the polymer struc-
ture, the first one usually decreases the thermal sensitivity and
widens the phase transition temperature range of microgels and
the second method usually uses the organic solution and chain
transfer agent in preparation process, which are expensive and
not environmental protection, still, the preparation process is
complicated. The microgels prepared through the third method
usually inapplicable to some field that needs purified microgels.
The question comes out that is how to modulate the LCST of
PNIPAM microgels more simply and more effectively? At pres-
ent, the water-soluble initiator such as ammonium persulfate
(APS) and potassium persulfate (KPS) is mostly used to prepare
the purified thermal response PNIPAM through soap-free emul-
sion polymerization'®?'%; the prepared polymers all have
hydrophilic end groups, which possibly increase the LCST of
microgels.”>*® There is less work about using the oil-soluble
initiator to prepare the thermal response material through
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Table I. Formulation Temperature and Result for Preparing PNIPAM Microgels and Polymers

Sample index NIPAM (mmol) AIBN (mmol) KPS (mmol) MBA (mmol) H-0 (g) T (°C) Result

L=0 1.77 0.18 0 0 200 75 No reaction
L1 2.67 0.18 0 0 200 75 Stable latex
L2 3.54 0.18 0 0 200 75 Stable latex
Lv-2 3.54 0.18 0 0.026 200 75 Stable latex
=8 4.43 0.18 0 0 200 75 Stable latex
L,-4 531 0.18 0 0 200 75 Unstable
LS 3.54 0 0.18 0 200 75 Stable latex
Lv-5 3.54 0 0.18 0.026 200 75 Stable latex

soap-free emulsion polymerization. But according to our
research,” using oil-initiator in soap-free emulsion polymeriza-
tion can prepare the thermal response microspheres, which have
better performance compared to the KPS-initiated PNIPAM
microgels, it indicates that the hydrophobic end groups come
from the initiators may change the thermal response of PNI-
PAM microgels. In other words, the polymer structure can be
changed just through changing the initiator type, further to
achieve the purpose of regulation and control of the property of
functional microspheres and to expand the preparation method
of the environmental response materials.

In our work, we prepared thermal response PNIPAM microgels
microspheres through (soap-free) emulsion polymerization
based on oil-initiator, and compared to the PNIPAM microgels
based on KPS water-soluble initiator. The effect of initiator on
the property of PNIPAM microgels was deeply discussed.

EXPERIMENTAL

Materials

NIPAM (98%) was purchased from Sigma-Aldrich (Shanghai,
China) and was recrystallized from hexane. 2, 2'-azobisobutyro-
nitrile (AIBN) was supplied by Kelong Chemical Reagents Fac-
tory (Chengdu, China) and was recrystallized twice from
methanol. MBA(Aldrich) (BIS) was analytical-reagent-grade and
supplied by Kelong Chemical Reagents Factory (Chengdu,
China). KPS was purchased from Kelong Chemical Reagents
Factory (AR, Chengdu, China). Cellulose membrane tubings
(CelluSepT4) with nominal molecular weight cut-off 8000-
14,000 g/mol were used as membranes in microgel purification
by dialysis.

Synthesis of PNIPAM Microgels

Polymerizations were carried out in a four-necked flask. In a
typical synthesis (Ly;-2, Ly5 in Table I) NIPAM (0.4 g, 3.54
mmol) and MBA (0.004 g, 0.026 mmol) were dissolved in dis-
tilled water (200 g) and transferred into the reaction flask. The
flask was sealed with a septum, and the solution was purged
with nitrogen and stirred (400 rpm) at room temperature for
20 min. After that temperature was increased to 75°C and
AIBN (0.18 mmol, 0.03 g) or KPS (0.18 mmol, 0.05 g) was
added to initiate polymerization. The reaction was allowed to
proceed by stirring for 4 h and then the product was cooled to
room temperature, at last, the PNIPAM latex containing
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PNIPAM microgels was obtained. The microgels were purified
by dialysis for 7 days against distilled water, which was refreshed
daily (twice every day during the first 3 days).The purified
microgels were freeze-dried and then the microgels were
obtained. The synthesis formulation of PNIPAM is shown in
Table I and the schematic graph is shown in Scheme 1.

Chemical Structure of PNIPAM Microgels

FT-IR Analyses. FTIR measurements were carried out using
purified microgels. The samples were directly analyzed using a
Fourier transform infrared spectroscope (FT-IR, Nicolet
NEXUS-670) in a KBr flake.

'"H-NMR Analyses. "HNMR spectra of the microgels were
recorded with a VARIAN, 400 MHz spectrometer, and D,O was
used as solvent.

Thermal Response of PNIPAM Microgels

Thermal response of PNIPAM microgels was investigated using
UV-3010 spectrophometer (Hitachi, Japan) with temperature
control equipment. The transmittance of the microgels aqueous
solution was directly measured on the spectrophometer in the
wavelength range 190-900 nm and the transmittance of the two
kinds of PNIPAM microgels at 552 nm was compared from
20°C to 50°C (2°C interval). At each testing temperature, the
microgels sample was stabilized for 10 min before being
measured.

The thermal response of PNIPAM microgels was characterized
by liquid differential scanning calorimetry (DSC) also. The puri-
fied PNIPAM microgels were diluted to 2 mg/mL and then
characterized by DSC-204 (German, Netzsch). The temperature
range from 10°C to 80°C, the rate of temperature increasing is
5°C/min, nitrogen-cooling atmosphere (50 mL/min).

The thermal response of PNIPAM microgels was further tested
by detecting the hydrodynamic diameter of the microgels in
latex at different temperatures with DLS technique. The mean
diameter of microgels at various temperatures (20-50°C, 2°C
interval) was measured using the instrument of Brookhaven
Instruments (BI-200SM goniometer, BI-9000AT digital correla-
tor) equipped with an argon laser at a wavelength of 532 nm.
Scattering was measured at 90° angle. All testing microgels sam-
ples were filtered through 0.45 pm disposable filters (Whatman
ANOTOP) before used. The concentration of the microgel solu-
tions is 0.05 g/L
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Scheme 1. Synthesis of PNIPAM containing different end groups by soap-free emulsion polymerization using (1) KPS and (2) AIBN as initiators,

respectively.

Morphology of PNIPAM Microgels

The morphology of microgels was investigated using a scanning
electron microscope (SEM: JEOL JSM-5900LV, Japan) operating
at 20 kV. The original latex containing microgels were first
heated to 75°C, then quenched in liquid nitrogen for one day.
After that, the quenched samples were freeze-dried for three
days and the samples for SEM were finally prepared. The dried
samples were coated with gold in vacuum before being viewed
under SEM.

Molecular Weight and Molecular Weight Distribution of
PNIPAM

The gel permeation chromatographic (GPC) analysis of the
polymer samples was done on an Agilent 1100 Series high per-
formance liquid chromatograph, equipped with an Agilent
PLgel column using THF (Fisher, HPLC grade) as eluent at a
flow rate of 1 mL/min. The number (M,,) and weight (M,,) av-
erage molecular weights of the PNIPAM were determined with
Polyethylene Glycol standards purchased from Agilent.

Elementary Analysis of Surface of PNIPAM Microgels

Surface compositions of the PNIPAM microgels were examined
by X-ray photoelectron spectrometer (XPS) of KRATOS Instru-
ment with Mg Ko source (1253.6 eV) at 10 kV and 7 mA. High
resolutions scans with a good signal ratio were obtained in Cls,
Nis, Ols, and S°p. All the binding energies were references to
the Cls peak at 284.8 eV of the surface adventitious carbon.

Thermal Analysis of PNIPAM Microgels

The glass transition temperature (T,) of purified PNIPAM
microgels was characterized by DSC-204 (German-Netzsch).
The temperature range from 10°C to 200°C, the rate of temper-
ature increasing is 10°C/min, nitrogen-cooling atmosphere (50
mL/min).

RESULTS AND DISCUSSION

Chemical Structure of PNIPAM Microgels

The chemical structure of PNIPAM microgels based on different
initiators has been characterized by FT-IR [Figure 1(1)] and
I_HNMR [Figure 1(2)]. Figure 1(1) shows the infrared spectra
of the PNIPAM microgels based on different initiators. The
infrared spectrum of PNIPAM shows that the carbonyl (-C=0)
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stretching vibration appears as strong absorption band at 1764.2

m~'. Amide I (-NH I) and Amide II (-NH II) peaks appear
at 1649 and 1546.8 cm™ ', respectively. The bands appearing at
2973-2975 cm ™' can be attributed to stretching and bending
vibrations of —CH, and —CH groups, respectively.

Figure 1(2) indicates the structure information of PNIPAM: 6
3.938 ppm (b, —CH lone pair proton of isopropyl group), o
2.052-2.763 ppm (¢, —CH backbone of polymer chain which
links to carbonyl), ¢ 1.187-1.956 ppm (a, d, -CH,, -CH3 of
isopropyl group), 6 7.5-7.9 ppm (e, -NH group of NIPAM and
MBA). The mole ratio of signal integral area of the two kinds
of —CH (6: ¢ 2.052-2.763 ppm and J: b 3.938 ppm) is 1:1.

From Figure 1 we can observe that the composition of two
kinds of PNIPAM microgels is similar. The only difference of
the two types of microgels is the end groups of polymers com-
ing from initiator residues, and the result will be presented in
the latter part.

Thermal Response of PNIPAM Microgels

We used the cloud-point method to characterize the thermal
response of PNIPAM microgels to investigate the effects of the
initiator type on the thermal response of PNIPAM microgels.
Figure 2(1) shows the transmittance vs temperature curves at
552 nm of PNIPAM microgels aqueous solution (2 g/L) based
on AIBN and KPS, respectively. The solid curves are the trans-
mittance curves of PNIPAM microgels in the heating process
and the dotted lines present the transmittance curves of PNI-
PAM microgels in the cooling process. The more coincident of
the solid and dotted lines means the better time effectiveness of
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Scheme 2. Schematic illustrations for surface groups of PNIPAM micro-
gels based on AIBN and KPS, respectively. [Color figure can be viewed in
the online issue, which is available at wileyonlinelibrary.com.]
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Figure 1. (1) FTIR spectra of PNIPAM microgels initiated by KPS and AIBN, respectively, and (2) "H-NMR spectra of KPS-initiated PNIPAM microgels
and AIBN-initiated PNIPAM microgels. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

the thermal response PNIPAM microgels. It can be observed
from Figure 2(1) that the time effectiveness of AIBN-initiated
PNIPAM microgels is better than that of KPS-initiated one. The
reason will be interpreted in the latter text. From Figure 2 we
can see that the phase transition of the AIBN-initiated PNIPAM
microgels takes place from 29°C and the transmittance decreases
sharply with increasing temperature until 33°C. Oppositely, the
phase transition of KPS-initiated PNIPAM microgels starts at
higher temperature until 34°C, and the transmittance change
degree with increasing temperature is less than that of AIBN-
initiated PNIPAM microgels. The transmittance changes degree
with temperature can indicate the thermal response sensitivity
of PNIPAM microgels. So we compared the transmittance
change degree (AT) of PNIPAM microgels latex at the main
phase transition temperature range at 552 nm (to AIBN-initi-
ated PNIPAM microgels the main phase transition range is
29°C-33°C, whereas that of KPS-initiated PNIPAM microgels is
35-39°C). The result shows that the AT of AIBN-initiated PNI-
PAM microgels is 59.4% larger than that of KPS-initiated PNI-
PAM microgels 43.5%; it indicates that the AIBN-initiated
PNIPAM microgels have better thermal response sensitivity than
KPS-initiated one.

Figure 2(2) shows the differential curves of the transmittance vs
temperature curves in Figure 2(1), the inflection point tempera-
ture of differential curves is the LCST of PNIPAM microgels
aqueous solution and the change of transmittance. From Figure
2(2) we can get the LCST of PNIPAM microgels as 31°C (based
on AIBN initiator) and 36°C (based on KPS initiator), respec-
tively, the former is 5°C lower than the latter. The full width
half maximum of the differential curves can indicate the ther-
mal response sensitivity of PNIPAM microgels also; the nar-
rower the full width half maximum means the better the
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thermal response sensitivity. Through the result, we can know
that the full width half maximum of PNIPAM microgels based
on AIBN and KPS are 5.83 and 8.54, respectively, which means
the AIBN-initiated PNIPAM microgels are presenting the better
thermal response sensitivity.

We using the liquid DSC method to characterize the thermal
response of PNIPAM microgels also, the result is shown in Fig-
ure 3. The result of liquid DSC indicates the same problem that
the AIBN-initiated PNIPAM microgels present higher LCST and
better thermal response than KPS-initiated PNIPAM microgels.

All the results indicate that the oil-initiator may decrease the
LCST of PNIPAM microgels and improve the thermal response
sensitivity; if it is true, which means that we found a simple
method to adjust the LCST of PNIPAM microgels. But it needs
more experiment data to support our guess, so we further do a
series of experiments.

Because the concentration of PNIPAM microgels aqueous solu-
tion based on AIBN and KPS is the same, so the concentration
of the testing sample can be excluded from the effect factor on
the LCST and thermal response of PNIPAM microgels. There
are only three factors remaining that can affect the LCST and
thermal response of PNIPAM microgels. They are the molecular
weight, the crosslinkage, and the end groups of polymer chains,
respectively. We will check the factors, respectively.

First, we prepared PNIPAM polymers according to Table I just
without cross-linking additives MBA. The effect of molecular
weight on the PNIPAM polymers is the same as that on the
PNIPAM microgels in theory. The molecular weight informa-
tion of PNIPAM polymers is shown in Table II. Figure 4 shows
the transmittance vs temperature curves at 552 nm of AIBN-
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Figure 2. (1) The changes of transmittance of PNIPAM latex based on
different initiators with increasing temperature at 552 nm and (2) the dif-
ferential curves. [Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]
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Figure 3. The liquid DSC of PNIPAM microgels. [Color figure can be
viewed in the online issue, which is available at wileyonlinelibrary.com.]
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Table II. GPC Result of PNIPAM Obtained by Soap-Free Emulsion
Polymerization

Sample M, (g/mol) M., (g/mol) MM,
[l 0.917 x 10 0.254 x 10* 3.61
L2 1.23 x 10* 0.266 x 10* 412
L8 1.28 x 104 0.315 x 10* 4.07
L,-5 0.845 x 10* 0.256 x 10* 3.30

initiated or KPS-initiated PNIPAM polymers with different mo-
lecular weights and distributions. From the result, we can see
that the molecular weight and distribution have little influence
on the LCST and thermal response sensitivity of AIBN-initiated
PNIPAM polymers. This result is similar to the previous
reported work.”” Further, the AIBN-initiated PNIPAM polymers
presenting lower LCST (about 31°C) and better thermal
response sensitivity compare to KPS-initiated PNIPAM one
(LCST 36°C) even these two kinds of polymers have the same
molecular weight and distribution (according to L-1, L-5).

Second, we check the crosslinking effect on the thermal
response of PNIPAM microgels, the result is shown in Figure 5.
Figure 5 indicates the transmittance vs temperature curves of
crosslinked PNIPAM microgels and uncrosslinked PNIPAM, it
can be seen that the crosslinked and uncrosslinked PNIPAM
polymers based on same initiator have the similar thermal
response. From the result, we can know that the crosslinkage
influences little on thermal response of PNIPAM microgels.

Therefore, the three reasons that can affect the thermal response
(LCST) of PNIPAM microgels have been removed; secondly, we
can get the conclusion that the reason for the different thermal
response of PNIPAM microgels based on different types of ini-
tiators is the different end groups of PNIPAM polymers coming

100
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920 F
—_—— LP-Z
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s 70 —v—L,-5
e AIBN-initiated
g 60
E
£ 50
E AP
£ 40
£
= 30
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Figure 4. The transmittance vs temperature curves at 552 nm of PNIPAM
polymers with different molecular weights. AIBN-initiated : (Lp-1: M,
0.917 X 10* g/mol, M,/M,: 3.61; Lp-2: M,: 1.23 X 10* g/mol, M,/M,;:
4.12; Lp-3: M,,: 1.28 X 10" g/mol, M,/M,:4.07). KPS-Initiated: (Lp-5: M,
0.845 X 10* g/mol, M,/M,: 3.30). [Color figure can be viewed in the
online issue, which is available at wileyonlinelibrary.com.]
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Figure 5. The transmittance vs temperature curves at 552 nm of crosslink-

ing-PNIPAM microgels and noncrosslinking PNIPAM polymers.

from different initiators. The result provides a possible way that
through changing the initiator type to modulate the LCST and
thermal response sensitivity of PNIPAM microgels. The method
is very simple but effective. Further, we can get the reason that
why the AIBN-initiated PNIPAM microgels have better thermal
response time effectiveness. The most possible reason is that the
hydrophobic end groups of AIBN-initiated PNIPAM microgels
increase the thermal response sensitivity of PNIPAM microgels,
in this case, the AIBN-initiated PNIPAM microgels can change
more enough than the KPS-initiated microgels during the lim-
ited time, so the AIBN-initiated PNIPAM microgels present bet-
ter time effectiveness than the KPS-initiated one.

The mean diameter changes of PNIPAM microgels with increas-
ing temperature were determined also through dynamic light
scattering techniques and the result is shown in Figure 6. The
samples were prepared by diluting purified and frozen-drying
microgels to 0.05 g/L. From Figure 6 we can observe that the
mean diameter of PNIPAM microgels based on AIBN first
decreases, and then when the temperature is above 29°C, the
mean diameter increases sharply. The reason is that with
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500 7_; 3
VTR
_E 400 /{
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.E 300 I . 7%
b= 1 \i /
5 2004 . ;"f
= / A
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24 26 28 30 32 34 36 38
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Figure 6. The changes of mean diameter of PNIPAM microgels based on
different initiators with increasing temperature. [Color figure can be
viewed in the online issue, which is available at wileyonlinelibrary.com.]
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Figure 7. SEM images of PNIPAM microgels based on (1) AIBN and (2)
KPS.

increasing temperature, the polymer chains first become curling
and shrinking, and the mean diameter of microgels decreases,
but the repellency between initiator AIBN fragment and —-NH
always exist, so when polymer chains shrink to a certain extent,
the repelling force would play a major role and the mean diam-
eter of microgels increases. Oppositely, it was reported™' 2>
that when KPS was used as initiator, the mean diameter of PNI-
PAM microgels decreased sharply in a narrow temperature
range of 31-33°C, and then reached constant. The schematic
illustrations for surface groups of PNIPAM microgels based on
different initiators are shown in Scheme 2.

Morphology of PNIPAM Microgels

Figure 7 shows SEM images of PNIPAM microgels based on dif-
ferent initiators. When using AIBN as initiator, the obtained
PNIPAM microgels are regular and smooth, no agglomeration,
and the dispersed microgels are stable,* although the
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Figure 8. XPS spectra of PNIPAM microgels based on AIBN and KPS.
[Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]

distribution of the microgels is not homogeneous and some big
microgels present an obvious hollow structure. The agglomera-
tion between microgels is stronger when using KPS as initiator,
and they are easier to distort after absorbing water molecules.
The reason is the water-soluble residues of KPS (persulfate
anion) distributed at the surface of microgels and intend to
absorb water. Oppositely, residues of oil-soluble AIBN can effec-
tively prevent the absorption procedure and better stabilize the
microgels.

XPS Analysis of PNIPAM Microgels

For further identifying the surface compositions of PNIPAM
microgels, the microgels were examined by X-ray photoelectron
spectroscopy (XPS) and the results are shown in Figure 8. The
N1s (399.5 ev), Ols (531.0 ev), Cls (284.8 ev) XPS signals are
the elemental marker for the PNIPAM component. The S’p
(169.9 eV) and O (A) (974.4 ev) signals are the elemental
marker for the KPS initiator residue. The N (A) (872.5 ev), C
(A) (989.1 ev), and O (A) (742.8 ev) signals come from AIBN
initiator residue. From the result of XPS spectra, we can con-
clude that some initiator residues distribute on the surface of
PNIPAM microgels and just because these different initiator res-
idues result in the differences of thermal response of PNIPAM
microgels based on different initiators.

Thermal Analysis of PNIPAM Polymers

The polymer microgels were freeze-dried and then characterized
by DSC method, the result is shown in Figure 9. It indicates
that the glass transition temperature (T,) of AIBN-initiated
PNIPAM microgels is higher than the KPS-initiated one. There
is mainly two possible reasons result in the difference: first, the
mobility of the end groups of polymer chain. Because the mo-
lecular weight of the two PNIPAM polymer chains is low
(AIBN: L-2 M, :12,300 g/mol; KPS: L-5 M,, : 8450 g/mol), so
the mobility of end groups influence severely on the flexibility
of polymer chains. Because the end groups have better mobility
than other groups in polymer chain, the higher molecular
weight means the fewer content of end groups in the polymer
chain, so the flexibility of polymer chains decreases and the T,
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increases. The AIBN-initiated PNIPAM polymers have higher
molecular weight, so the T, of AIBN-initiated one is higher
than KPS-initiated PNIPAM polymers. On the other hand, the
space volume of —C(CH;),CNgroups coming from AIBN is
larger than -SO, groups coming from KPS, so the space
obstruction of former is larger than the latter, result in the
AIBN-initiated PNIPAM microgels have higher T,,.

CONCLUSION

The different structure of polymer extremity groups that come
from residues of initiator results in the different thermal
response of PNIPAM microgels. The LCST of AIBN-initiator
microgels is 31°C, whereas that of KPS-initiated microgels is
36°C, the former is lower 5°C than the latter, and the change of
transmittance of AIBN-initiated microgels is larger than that of
KPS-initiated microgels at the temperature range of phase tran-
sition, which means the AIBN-initiated PNIPAM microgels have
better thermal response sensitivity. The result indicates that the
hydrophobic end group can decrease the LCST of PNIPAM
microgels and increase the thermal response sensitivity, which
providing a newly simple and effective method to regulate the
thermal response of PNIPAM microgels.

PNIPAM microgels were synthesized through soap-free emul-
sion polymerization of NIPAM initiated by AIBN and KPS,
respectively. PNIPAM microgels based on AIBN are more regu-
lar and smooth and not easier to distort by absorbing water
than PNIPAM microgels based on KPS. The thermal response
of PNIPAM microgels is also different when using different ini-
tiators. Phase transition of AIBN-initiated PNIPAM microgels
starts from 29°C, whereas KPS-initiated one starts from higher
temperature reaching 34°C. With increasing temperature, the
mean diameter of PNIPAM microgels based on AIBN first
decreases until 29°C, and then increases, whereas that of KPS-
initiated PNIPAM microgels decreased sharply in a narrow tem-
perature range of 31-33°C, and then reached a stable value. The
reason for the differences of PNIPAM microgels can be attrib-
uted to different surface groups of microgels that come from
residues of initiator.

130.6 °C
AIBN -initiated o

123.0 °C

KPS -initiated

150

50 100 200
Temperature/°C

Figure 9. DSC curves of freeze-dried polymer microgels. [Color figure can
be viewed in the online issue, which is available at wileyonlinelibrary.
com.]
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