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ABSTRACT: Amphoteric microgels consisting of poly(AAm/MAc/DMAEMA/MB) were prepared by semicon-
tinuous polymerization in ethanol. Scanning electron microscopy (SEM) and dynamic light scattering (DLS)
were employed for evaluating the microspheres and theit-yume transitions in the aqueous solution,
respectively. Monodispersed amphoteric microgels with a U-type efyaitlime transition, i.e., volume contracted

in the pH range 6.57.5 and expanded beyond this, were prepared by adding MAc dropwise at a certain rate (20
0/80 min, standard recipes). It was observed that increasing [NaCl] or fJGa8led to decrease the hydrodynamic
diameter of amphoteric microgels, irrespective of pH. Moreover, in the region of{# the pH of amphoteric
microgels increased with the increase of ion strength, whereas inversely, for p® the pH decreased with an
increase of ion strength, regardless of the types of salts. The U-type curve of diameter vs pH could be replaced
along with the pH axis by adjusting the charged amount of DMAEMA.. Control-releasing behavior of amphoteric
microgels was also investigated. It was observed that the dye was released to the same extent when the pH was
changed from 6.8 to either acidic or basic conditions.

Introduction two counter-ionic groups is not controllable, especially the

approaches using amphoteric surfactant or initiator. For example,

there are the amphoteric microgels of poly(acrylamide (AAm)/
ethacrylic acid (MAc) and the cross-linking agent, methylene

Microcapsules have been widely applied in various fikitis
for the controlled-releasing of medicines, bioactive substances,

catalysts, cosmetics, etc, and even more, as the microchambers. . .

for controlled reactions. Recently, with the development of Alfi,(a(;[]ylaml_de) (MBAAmI) ancp—nltrophenéll t:';l]cry[[ate (][\IPAL' th

chemotherapeutic and DNA repairing techniques, microcapsules _ter h N a?lonlc mtlcr?r?e S were preparbe . (ney fr?hns Oel_rre ) the

that enable one to fine control the releasing of medicines were nitrophenyl group 1o the amino group by use of the diamine.
However, due to the instability of NPA and the complicated

developed in a big way; namely, the microcapsules released . . : L

the medicines only under specific conditions such as the ionic preparative process, directly preparing the amphoteric microgels
. . - by using the amino monomei\-(dimethylamino)ethylene

strength, including pH and temperature. That is to say, a small methacrylate (DMAEMA), was essential.

stimulus triggering a drastic release was pursued. A hydrogel . ) . .
ggering P ydrog A new understanding of microsphere formation gives new

microsphere (microgel) consisting of materials having a char- : . .
acteristic deswollenswollen volume change in response to 2PProaches to the preparation of microspheres. Therefore, in
this paper, we will introduce a new method to prepare the

pHY? or temperaturg* change is a typical example. The hoteric mi Is with sh | " h
transition of hydrophobicityhydrophilicity is an effective factor ~ @MPhoteric microgels with sharp polume transition on the
basis of our previous researcHés!*

to capture and expel a molecule from a microsphere without
any wall hindrance. Hence, a sharp controlled-releasing behaViorExperimental Section
is expected.

i ; P Materials. All the reagents and solvents used in this paper were
Amphoteric microgels contain both polyanionic and polyca- h 8
P 9 Poly Poly purchased from Wako Pure Chemical Industries, Ltd., Japan. The

tlonlq .p0|ymers’ thus, they are considered as potential pH- monomers methacrylic acid (MAc) and (dimethylamino)ethylene
sensitive _rr_ucrocapsules that release d_rugs o_r_lly by r‘?‘Spond'ngmethacrylate (DMAEMA) were purified by distillation under the
to a specific pH. However, due to the instability of microgels eqyced pressure. The monomer acrylamide (AAm), the cross-linker
in the aqueous solution, several special approaches have beeN N'-methylene bis (acrylamide) (MB), the initiator, dimethyl 2,2
tried so far, namely the conversion of the functional group on azobis (isobutyrate) (DMAIB), dye Gentian VB, Vitamin E, and
the surface of microsphefeg and the preparation of microgels  the solvent ethanol (EtOH, dehydrated) were used without further
by using an amphoteric surfactéwir initiator® Obviously, by ~ purification.
applying these approaches, the amphoteric groups just exist on Ponmeri;ation.The operation of batch polymerization has .been
the surface of microspheres. Moreover, the number or ratio of introduced in a previous pap&rThe semicontinuous polymeriza-
tion was carried out in the same reactor, similar to the batch
polymerization described above. The remaining monomer, com-
* Corresponding author. E-mail: Henmei_ni@hotmail.com. monly MAc, dissolved in 20 g of EtOH was automatically added
T Biomaterials Center, National Institute for Materials (NIMS). by using a syringe pump (Harvard PHD, HA2000I, Harvard
* Department of Applied Chemistry, Faculty of Science and Technology, s ’ . '
Keio University. Apparatus C_o. L_td, Japan) after the_ initiator solution was charged.
8 Henkel Research Center of Advanced Technology, Molecular Engineer- ~ Characterizations. The characterization methods are the same
ing Institute, Kinki University. as reported in the previous papéts? if no specific comment is
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Table 1. Recipes for Preparation of Amphoteric Microsphered

molar ratio of monomeps

run no. AAM MAc DMEMA MBP (mol %) EtOH (wt %) other
6027 6 1 1 3 95
6028 6 1.8 0.2 3 95
6029 6 1.8 0.2 10 95
6031 6 1.8 0.2 5 76 19 wt % (1 N NaOH)
6032 6 1.8 0.2 5 76 19wt % (1 N HCl)
6034 6 1.95 0.05 5 95
6049-6056 6 1.5 1.5 3 95
6054 3 15 15 3 95
6057-6058 6 1 2 3 95
6059 6 1.3 1.7
6060 6 1.2 1.8

aThe total initial concentration of monomers was 5 wt@/4B, cross-linking ageni,N-methylene bis(acrylamide), molar percentage based on the total
amount of monomer$.NaOH—-EtOH solution.9 HCI—EtOH solution. 6049: Batch polymerization. 6050: Dropwise addition of a mixture of MAc, DMAEMA,
and MB (in 20 g of EtOH), Rate: 20 g/80 min. 6051: Dropwise addition of MAc. Rate: 20 g/80 min. 6053: Dropwise addition of DMAEMA (in 20 g of
EtOH). Rate: 20 g/80 min. 6054: Dropwise addition of MAc (in 20 g of EtOH). Rate: 20 g/80 min. 6055: Dropwise addition of MAc (in 20 g of EtOH).
Rate: 20 g/30 min. 6057: Dropwise addition of MAc (in 20 g of EtOH). Rate: 20 g/80 min. 6058: Dropwise addition of MAc, DMAEMA and MB (in 20
g of EtOH) into AAm solution. Rate: 20 g/80 min. 6059: Dropwise addition of MAc (in 20 g of EtOH). Rate: 20 g/80 min. 6060: Dropwise addition of
MAc (in 20 g of EtOH). Rate: 20 g/80 mirf.Note: initiator, DMAIB (dimethyl 2,2-azobis(isobutyrate)) was 2 wt % based on the total amount of monomers.

made. Dynamic light scattering (DLS) (ELS-8000, Otsuka Electron- tion.#=° Therefore, at first, the factors possibly contributing to
ics, Inc, Osaka, Japan) was employed to measure the hydrodynamiche stability were tried, such as the ratios of anions/cations and
diameters of sample, by which the scattering light at 9fas charges of monomer. As shown in Table 1 (runs 608334),
collected, thereby the diameters were automatically calculated, andpaich polymerization was employed and the ratios of MAc/

among them, scattering strengt_h diameter (relative to the weight_— DMAEMA increased from 1/1 to 1.95/0.05 mol/mol in order
average and number-average diameter) was selected to characterlzt% keep the net charges of microgels negative. The addition of

the volume change of the samples. The solution of 0.5 wt % used L
for the DLS measurement was prepared as follows. The dry sampleN@OH or HCI (runs 6036:6033) to the polymerization system

treated with the method described above was mixed with pH 2 HCI Was also used for that purpose. As shown in Figure 1, the
solution or pH 10 NaOH solution in a 30 mL screw bottle due to amphoteric microgels were prepared, but polydispersed. On the
the coagulation of microgels in the neutral water, and the bottle other hand, a method of increasing the cross-linking degree was
was put in an ultrasonic automatic washer to disperse the sampletried (Table 1, runs 60296034), which we introduced in

for 1 h (luchi US-4, SMT Co Ltd, Fukuoka, Japan). Here, 1 M previous papet?11.13 that showed it was valid to prepare

HCI (NaOH) was used to adjust the pH of dispersion and the pH monodispersed microgels, especially in the case of higher
was measured with a pH meter (MP220, Mettler-Toledo AG, content of MAC. It was observed that the relative monodispersed
CH8603, Schwertzenbach, Switzerland). All measurements of DLS microgels were only prepared with a higher cross-linking degree

were performed at 20C. )

The sample for Cryo-TEM (JEM400SFX, JEOL, Japan) was ('Un 6029 (F'gurﬁ 1c). he tvoical ch iics of
prepared as following: the powder of amphoteric microgels was However, as s own in Figure 2, the typical aracterlst!c§ 0
dispersed in pH 2 solution with a formulated concentration of ca. PH—Volume transition prepared by above methods was similar

1.5 wt %, and then the pH was adjusted with NaOH (1 N) solution t0 those of poly(AAm/MAc) microgel$}*“except that the pH
to the pH value required. A copper grid was dipped into the aqueous volume transition moved to higher pH. The pMolume
dispersion to obtain a droplet on the grid, and a filter paper was transition of cationic polymer, PDMAEMA, i.e., where the
used to drain off the excessive solution. Then the grid was put into volume expanded at lower pH and contracted at higher pH, was
liquid propane for a few seconds before being transferred into liquid not observed. This result indicated that most of the DMAEMA
nitrogen. The sample was transferred to a TEM holder in liquid ,onomer was not combined into the polymers of microgels.
mt;'ohgeeg)ntrol-release of Gentian VB was performed as following Therefore, it was concluded that the amphoteric microgels could
The solution containing 5 wt % amphoteric microgels was no_t he prepared _along Wit the co_nvent|0nal mechan|sms, which
said that AAm first polymerized in the continuous phase and

formulated by dispersing amphoteric microgels in an aqueous o . .
solution of 10 mol/L Gentian VB, and then divided into three ~ Précipitated to form nuclei, and then the remaining monomers

parts. The three parts of dispersion were pH-adjusted to pH 3, Swelled the nuclei and polymerized in the nuclei.

pH 7, and pH 10 respectively and then centrifuged at 3000 rpm/5  Coexistence of MAc and DMAEMA in the growing micro-
min. The serums of three parts were measured by-Wi gels was the basic premise used to prepare the amphoteric
equipment (JASCO 8000, Nippon Benko Co. Ltd., Japan). microgels. The new mechanism suggested that the Coulombic
interaction of MAc-DMAEMA likely was more active than
Mac—AAm, but poly-MAc,19-12 poly-DMAEMA, and their
copolymer were soluble in ethanol. It destroyed the minimono-
papers314we reported that the microgels with the sharpestpH  mer droplets of AAm-MAc complexes, and resisted the
volume transition were prepared by the recipe AAm/M#c precipitated poly-AAm segments to take DMAEMA into the
3/1 and cross-linking degree MB 3 mol %. On the basis of this growing microgels. This was the reason that for batch polym-
result, we attempted to prepare amphoteric microgels with a erization, polydispersed microgels were prepared and the sharp

Results and Discussion
Preparation of Amphoteric Microgels. In the previous

sharp pH-volume transition by modifying the recipe. The
recipes are shown in Table 1, i.e. keeping AAm to a constant,
AAmM/(MAc + DMAEMA) = 3/1, but changing the ratios of
MAC/EGDMA. The difficulty to prepare the amphoteric mi-
crogels was the instability of microgels during the polymeriza-

pH—volume transition was not obtained. The key premise was
that AAm polymerized and precipitated in the minimonomer
droplets. It played the role to take the soluble molecules of MAc
or segments of poly-MAc into the microgels by intensive
interaction. Such a consideration gave us a hint that it was
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6031 20, OkV

NaOH-EtOH

1

e) 6/1.8/0.2, 5%MB, 19% IM HCI-EtOH

Figure 1. SEM photos of microspheres by batch polymerization.

2100 a molar ratio of AAm/(MAc+ DMAEMA) = 2/1. A molar
ratio of AAm/(MAc + DMAEMA) = 1/1 was also tried (run
6054), but unfortunately microgels were not prepared probably
1700 | due to the high lyophilicity of polymer complexes. Instead, a

1900 |

£ 1500 | macrogel was obtained.
g —e—6029 For comparison, the other polymerization methods were
E 100y = 6027 preliminarily applied. The SEM photos of these microspheres
R | are shown in Figure 3 and the curves of their-pkblume
transitions are shown in Figure 4. Run 6049 was prepared by
%00 f batch polymerization. The size of the microgels was large and
700 the distribution was polydisperse as shown in Figure 3. As for
3 4 5 o 8 7 8 their pH-sensitivity, as shown in Figure 4, a common charac-
) . . teristic was observed, i.e., agglomeration of the microgels took
Figure 2. pH—volume transition of microspheres by batch polymer- 29 !
ization. place at neutral pH (dotted line in Figure 4). This phenomenon

indicated that both amino groups and carboxylic groups were
possible to prepare monodispersed amphoteric microgels, if weincorporated into the microgels. Compared with other samples,
localized the interaction of MAeDMAEMA within the mi- run 6049, e.g., the sample prepared by batch polymerization,
crogels and eliminated the free Mac and DMAEMA in the 9ave a small pHvolume change at lower pH. This result
continuous phase as much as possible. Accordingly, two indicated that less of poly-DMAEMA was incorporated into the
strategies were applicable. The first one (strategy I) was to let Microgels. Run 6050 was semicontinuous polymerization, by
AAm first polymerize with DMAEMA, thereby localizing the ~ Which the mixture of MAc, DMAEMA, and MB was added
interactions within the microgels, or briefly, fixing DMAEMA  dropwise into the polymerization system of AAm. In this case,
first. On the other hand, the next one (strategy Il) was to fix the poly-AAm first precipitated to form many polydispersed
Mac first. Both of these strategies implied that semicontinuous €ntities due to randomly physical aggregation.
polymerization was essential. Therefore, as shown in Table 1  Therefore, as shown in Figure 3b, irregular and polydispersed
(runs 6056-6056), various dropwise addition methods were microgels were prepared. The post-added MAc and DMAEMA
applied with a fixed molar ratio of MAC/DMAEMA= 1/1 and interacted with the precipitated entities of poly-AAm, thereby
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¢) 6051: Dropwise addition of MAc,

Rate:
v

e) 6055: Dropwise addition of MAc, Rate: 20g/30min
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v
44

/80min
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d) 6053:Dropwise addition of DMAEMA,

Rate: 20g/80min

£) 6051: Cryo-TEM photo at pH3

Figure 3. SEM photos of microspheres prepared by semicontinuous polymerization.
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Figure 4. pH—volume transition of microspheres by semicontinuous

polymerization.
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Run 6051 was carried out based on strategy |, namely fixing
DMAEMA first. MAc was added dropwise into the polymer-
ization system of AAm, DMAEMA, and MB. It should be
remarked that the phenomenon of precipitation stemming from
poly-AAm was not observed before MAc was added. This result
implies that the copolymerization of AAmM-DMAEMA may take
place in the polymerization system, but the copolymer did not
precipitate, probably due to the high solubility of poly-
DMAEMA segments in ethanol. It was the key premise used
to prepare the monodispersed microgels, because if precipitation
happened, the same result as run 6050 would be obtained.
Thereafter, the post-added MAc interacted with poly-AAm
segments or free AAm in the system to form mini monomer
droplets. The SEM photo of the products is shown in Figure
3c. The microspheres seem small, but the shape of the
microspheres was not distinct. The reason may be attributed to
the extremely low glass transition temperature of poly-
DMAEMA (—35 °C!9). Therefore, in order to confirm the
formation of amphoteric microgels, the cryo-TEM photo of run
6051 was taken at pH 3. As shown in Figure 3f, the microgels
were clearly observed. The comparatively smaller size indicated

combining into the entities. As a result, the entities showed the that, as we expected, the fixed poly-DMAEMA segments played

typical pH-volume transition of an amphoteric polyelectrolyte.

stabilizing role in term of steric hindrance. Consequentially, as

The hydrodynamic diameter of microgels, as shown in Figure shown in Figure 4, a U-type of the sharp pkblume transition
4, decreased with increasing pH when the pH was lower than of typical amphoteric microgels was observed. The curve of
pH 6.0, whereas when the pH was higher than pH 7.5, the pH—volume transition was nearly symmetric in the two pH

diameter increased with increasing pH.

regions. The symmetrical curve implied that an amount of
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DMAEMA almost equal to MAc was taken into the polymer 1000 550

; —8— 6059 (AAm/MAc/DM: 6/1.3/1.7)
of the microgels. ) ) —A—6060 (AAm/MAc/DM: 6/1.2/1.8)
Run 6053 was performed in accordance with strategy Il, e.g., 900 } —e—6051(AAm/MAc/DM:6/1.5/1.5) { 500

fixing MAc first. DMAEMA was added dropwise into the
polymerization system of MAc, AAm, and MB. It sounded
similar to strategy |, but quite different in truth. As we know,
the polymerization first takes place within the minimonomer
droplets of AAm (MB)-MAC?1216.17tg form network nuclei.
Both the precipitation of poly-AAm in the minimonomer
droplets and the cross-linking structure of the initial polymer
cause the fixed poly-MAc segments to be buried in the solid
loci of microgels. Therefore, the capture efficiency of DMAE-
MA was possibly low. The pHvolume transition of run 6053 500 |
was shown in Figure 4. Obviously, compared with that of run
6051, the curve of run 6053 was unsymmetrical and moved to
a lower pH region. For example, it moved from pH 5.0 to pH
6.0 (dotted line in Figure 4) wherein the agglomeration of
microspheres occurred. Another trial was to investigate the effect 300 . . . . . . . 200

of the dropwise addition rate. The dropwise addition of MAc 2 3 4 5 6 7 8 9 10

into the polymerization system of AAm, DMAEMA and MB pH

was carried out at a rate of 20 g/30 min (run 6055), faster than Figure 5. Effect of MAC/DMAEMA on the pH-volume transition of
those reported above (20 g/80 min). Microgels with a distinct @mphoteric microspheres.

shape were observed in Figure 3e; meanwhile, as we commented .

above, such a distinct shape may also imply that less DMAEMA POly-AAM segments to precipitate. Therefore, run 6059 and
was taken into the microspheres. Actually, as shown in Figure 8060 were performed with less DMAEMA in recipes (Table
4, a V-type and gradual curve of the pMolume transition was ~ 1)- AS shown in Figure 5, compared with the pkblume
observed. Moreover, the pH region in which the amphoteric transition of run 6051, a tendency .became obvious: the pH
microgels agglomerated was very narrow due to the neutralized@N9€ of agglomeration moved to higher pH as the content of
charges. These results indicated that the higher the addition ratePMAEMA increased in the recipes, though the increment of

the smaller the amount of MAc and DMAEMA that was taken DMAEMA was small. It implies that the design of a pH
into the polymer of the microgels. volume transition was possible. Meanwhile, the size of the

microgels changed a lot. It might result from the instability of
microgels during the formation process.
Effects of lon Strength on the Hydrodynamic Diameter
of Amphoteric Microgels. Amphoteric microgels (run 6051)
with a sharp pH-volume transition were selected as the sample
to investigate the effects of ion strength. Two pH regions, i.e.,
pH 9-10 and pH 2-3 were stressed because, at neutral pH,
the microgels agglomerated. In the previous pafee reported
that [NaCl] and [CaC] affected the hydrodynamic diameter
of poly(AAM/MAc) in different modes. Addition of Cagl
rendered the hydrodynamic diameter to monotonically decrease
as [CaC]] increased. However, at low [NaCl], an abnormal
phenomenon where the diameter increased was observed with
increasing [NaCl]. Osmotic equilibrium of ions and the effect
. . of electric field shielding of counterions were the dominant
was s_olely designed to understand the volume change with thereasons. Additionally, the pH decreased with the increase of
variation of pH. salt concentration, irrespectively of the salt being NaCl or g€aCl
Design of the pH—Volume Transition. In the above section, |t was concluded that the exchange of cations with H of
we discussed the preparation of amphoteric microgels with a carboxylic groups proceeded as the concentration of salt
U-type pH-volume transition. In this section, we addressed the increased. In the case of amphoteric microgels, however, as
possibility to design the pHvolume transition curve of  shown in Figure 6 and Figure 7, the hydrodynamic diameter
amphoteric microgels, i.e., setting the pkblume transition  monotonically decreased as the concentration of salt increased
down into the pH range required. regardless of the properties of the salt. Moreover, the pH
Adding more MAc may move the range of agglomeration to increased with the increase of ion strength at pH82while at
a lower pH region. Run 6053 was an example. Compared to pH 9—10, the pH decreased with the increase of ion strength,
run 6051 (pH 5.9 to pH 7.1 (Figure 4)), the range of run 6053 irrespective of the type of salts. Thermodynamic factors such
shifted in the range pH 4.8 to pH 5.8. Here, our interest was as the free energy of polymesolvent mixing and equilibrium
whether it was possible to shift the pttolume transition to of osmotic pressure were considered as the dominant factors
higher pH, which meant the addition of more soluble DMAEMA for the behaviors of amphoteric microgels at different ion
into the microgels. As shown in Table 1, several trials were strengths. Tertiary amines of DMAEMA and the carboxylic acid
carried out (runs 60576058) where the ratio of MAc/  of MAc composed the amphoteric microgels of run 6051. At
DMAEMA was equal to 1/2. The microgels were not prepared, lower pH such as pH 2, the protonated tertiary amine contributes
but a polymer solution was obtained. It indicated that the amount to the low free energy of polymetwater mixing, while at a
of DMAEMA was too large to render the copolymer including higher pH, such as pH 10, the dissociated carboxylic acid

800 | 1 450

700 |

S
(=3
o

600 | 1 350

Diameter (nm)
Diameter (nm)

1 300

400 | 1 250

Readers might question us about the concept&@bppoly-
MAc and Ky, of poly-DMAEMA. We have commented orkp
of MAc in the previous papé#1“that for the constrained poly-
MAc segments in a network, thus confined by thermodynamic
factors, there was no independent and appropriddg tp
describe the dissociating behavior of the MAc unit in a hydrogel
microsphere. It is the same situation as for thi§, pof
DMAEMA. In any case, the amino group of DMAEMA and
the carboxylic group of MAc may consist as a pair of ions as
in a buffer solution. It implies the possibility that the hydro-
dynamic diameter of amphoteric microgels may change due to
the ratio variation of anions/cations, but the pH remains
relatively constant. This possibility was not reflected in the
curves of the pHvolume transition, because the investigation
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12 550 evaluation of controlled-release behavior of amphoteric micro-
—o—Diameter, NaCl gels, run 6051. A quantitative analysis of the controlled-release
nsr —©—Diameter, CaGl2 1 500 behavior of amphoteric microgels was performed, run 6051. The
1l :z:‘ 2:8:2 | 450 ionic interaction was considered as the main factor to controlled
’ 7 release of the dye. It had the same electric charges as the
105 | 1 400 > amphoteric polymer in the microspheres. Therefore, as shown
s 2 in Figure 8, at pH 3.5, there was only 10% of dye absorbed by
0r 1350 § the microgels, whereas at pH 6.8, there about 85% of dye was
05 | 1 300 e in the microgels. At pH 9.3, there was 6% of dye absorbed. In
other words, when the pH changed from pH 6.8 to pH 3.5 or
9t ‘_\ { 250 pH 9.3, there was about #80% dye released from the
amphoteric microgels to the aqueous solution.
85 . . . 200
4 3 2 ! 0 Conclusions
—Log[Salt]
Figure 6. Effects of NaCl and CaGlon the hydrodynamic diameters Amphoteric microgels consisted of poly(AAM/MAC/DMAE-
of microspheres at higher pH. MA/MB) were prepared by semicontinuous polymerization in
ethanol. Batch polymerization produced bigger and polydis-
4 650 persed microspheres, and less MAc and DMAEMA were taken
88 1 1 600 into the microgels. The monodispersed amphoteric microgels
86 1 1 550 with novel pH-volume transitions were prepared by adding
s4r —#— Diameter, NaCl | 500 2 MAc dropwise at rate of 20 g/80 min into the polymerization
~ 3'2 —8— Diameter, CaCl2. | 450 S system of AAm, DMAEMA, and cross-linking agent, MB.

S —#—pH, NaCl 1 400 2 Higher addition rate or dropwise addition of other monomer or
28y 4 pH. CaClz 1350 § monomer mixture resulted in the microspheres with a smaller
zi I 1 300 a amount of DMAEMA. The unique pHvolume transition of

gl | amphoteric microgels could be designed by adjusting the
22 ¢ charged amount of DMAEMA within a limited ratio of MAc/
2 4 25 5 95 ) i5 | 05 o 200 DMAEMA = 1/2 (mol/mol). Beyond the limited ratio, a soluble

copolymer was produced due to the high content of soluble poly-

~Log[Salt] DMAEMA segments. Differing from the polyanionic microgels,
Figure 7. Effects of NaCl and Caglon the hydrodynamic diameters it was observed that increasing [NaCl] or [C&CIn the
of microspheres at lower pH. dispersion of amphoteric microgels was to decrease the hydro-
dynamic diameter, irrespective of pH. Moreover, in the region
pH 2—3, the pH of dispersion of amphoteric microgels increased
with the increase of ion strength, whereas inversely, for pH
9-10, the pH decreased with the increase of ion strength,
regardless of the types of salts. Controlled-release behavior of
amphoteric microgels with novel pHsolume transition was
also investigated. It was observed that, at pH 3.5, there was
only 10% of Dye Gentian VB absorbed by the microspheres,
whereas at pH 6.8, there was about 85% dye in the microgels.
At pH 9.3, there was 6% of dye absorbed in the microspheres.
i H In other words, when the pH changed from pH 6.8 to pH 3.5 or
4 6 7 9 pH 9.3, there was about #80% dye released from the

pH amphoteric microgels to the aqueous solution.
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Figure 8. Controlled release of Dye Gentian VB by amphoteric . .
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