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Abstract In a previous paper [1], the
synthesis of various polystyrene—
poly[NIPAM] core—shell latexes
bearing cationic amidino and/or
amino charges has been described.
Several colloidal properties of these
cationic latexes have been charac-
terized such as: particle size, surface
charge density, electrophoretic
mobility and finally colloidal stability.
Due to the poly[NIPAM]-rich layer
in the shell, it was found that
temperature played a significant role
on all these properties, a LCST
around 33 °C being exhibited. In
addition, ionic strength was also

found to affect the colloidal behavior
of these latexes, the largest effect being
observed with latexes having both
amidino and amino surface charges.
The critical coagulation concentra-
tions (CCC) of the various latexes
above and below the LCST were
determined, highlighting the
contribution of electrostatic and steric
repulsive forces to the stability of
these particles.
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Introduction

In the past decade, stimuli-responsive particles have
received increasing attention due to their outstanding
properties explaining their potential interest in many
applications [2—6]. For that purpose, polymeric colloids
containing N-isopropylacrylamide moieties have appeared
quite suitable and their synthesis is now well documented
[7—10]. A large amount of work has been developed on the
thermal sensitivity of poly[NIPAM] exhibiting a lower
critical solubility temperature (LCST) in the temperature
range 30—35 °C. Such a property was found appropriate
for the separation of biomolecules, motivating the use of
poly[NIPAM] in biology either as a support for antibo-
dies (immunoassay tests, for instance) or in drug delivery
systems. Moreover, these hydrophilic polymer colloids
also attracted much academic interest as regards to their
colloidal behavior [8, 11—17] under various adverse
conditions of temperature, salinity and pH.

Due to the large swelling capacity of poly[NIPAM]-
based latexes in water, a dramatic decrease of the particle
size occurred above the LCST as well evidenced by Pelton
et al. [11] Kawaguchi et al. [3] and Snowden et al. [12].
The first authors [11, 14] also showed that electrokinetic
properties of such hydrogel latexes were sensitive to both
the temperature and ionic strength. It was reported that
the electrophoretic mobility of the poly[NIPAM] particles
increased upon increasing the temperature above the
LCST. Such a behavior was explained by an increase in the
surface charge density when the particle size decreased.

Moreover, the effect of salinity on the electrophoretic
mobility of these hydrophilic particles has been thorough-
ly examined by Ohshima et al. [15, 16], who proposed
a theory based on Varoqui’s concept [18] by taking into
account the charge density, the friction factor and the
shear plane position as a function of ionic strength. The
proposed theory [16] was found to be in good agreement
with experimental data for polystyrene particles covered
by poly[N-isopropylacrylamide] shell irrespective of
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temperature. In addition, no maximum in the elec-
trophoretic mobility versus ionic strength was observed
whatever the temperature (above and below the LCST)
[16], unlike what was reported in the case of hydrophobic
particles bearing an hairy layer [19]. The LCST was found
to be dependent on the hydrophilic/hydrophobic property
and charge nature of the comonomer as reported by Priest
et al. [20] and Chen at al. [21], respectively. However, to
our knowledge, there was no systematic study investigated
on the colloidal stability behavior of these thermosensitive
particles as a function of temperature.

In a previous paper [1], we already reported the syn-
thesis of various monodisperse cationic polystyrene/poly
[NIPAM]core—shell latexes either by batch emulsifier-free
emulsion copolymerization or by a two-steps process us-
ing aminoethyl methacrylate hydrochloride (AEM) as a
comonomer, methylenebisacrylamide as crosslinker and
2,2@ azobis(2-amidinopropane)dihydrochloride as initia-
tor. It was particularly emphasized that the build-up and
structure of the hydrophilic shell layer were very much
dependent upon the polymerization process and amount
of AEM used.

In this paper, we aimed at describing several colloidal
properties of these cationic polystyrene/poly[NIPAM]
core—shell latexes. The dependence of particle size, elec-
trophoretic mobility and colloidal stability on temperature
and ionic strength has been successively investigated and
discussed.

Experimental section

Materials

Sodium chloride (NaCl) was used as received for ionic
strength variation, DL-dithiothreitol (DDT) (from Sigma),
3-(2-pyridyldithio)-propionic acid N-hydroxysuccinimide
ester (SPDP) (from Sigma) and 4-dimethylaminopyridine
(DMAP) (from Aldrich) were used for amino group titra-
tion. Well-deionized and deoxygenated water (Milli-Q
water, Millipore system) was used in all preparations.

Preparation of latexes

The cationic amino containing N-isopropylacrylamide—
styrene copolymer latexes were synthesized using emulsi-
fier-free emulsion polymerization. A detailed kinetic study
on the polymerization of such systems (styrene, N-iso-
propylacrylamide) and (styrene, N-isopropylacrylamide,
aminoethylmethacrylate) has been given in a previous
paper [1].

All the latexes were cleaned by repetitive centrifugation
using deionized Milli-Q water, before any characterization

study, in order to remove free electrolytes and water sol-
uble polymers.

Characterization of latexes

Particle size determination

Latex particle size was measured by quasi-elastic light
scattering (QELS) as a function of temperature (from 20 to
50 °C) using an N4MD apparatus from Coultronics,
France. The mean hydrodynamic diameter was calculated
from the diffusion coefficient measurement, which, in the high
dilution limit of negligible particle—particle interactions, is
calculated by using the Stokes—Einstein equation [22].

D"
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)
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in which D is the diffusion coefficient, k the Boltzmann
constant, ¹ absolute temperature, and g the viscosity of
the medium. Particle size was also measured using trans-
mission electron microscopy (TEM) (from Philips) at room
temperature by sizing about 50 particles, allowing the

determination of the number (D
/
), weight (D

8
), average

diameter and the polydispersity index (PDI"D
8
/D

/
).

Surface charge density

Surface charge density was determined by colorimetric
titration using the SPDP method [23]. This method relies
on the chemical reaction of the N-hydroxysuccinimide of
3-(2-pyridyldithio)-propionic acid N-hydroxysuccinimide
ester (SPDP) with the primary amino and amidine groups
located on the latex surface. The ultraviolet (UV) method
was used for the quantitative estimation of pyridine-2-
thione, allowing the quantification of the surface amino
and amidine groups. The principle of the chemical reaction
is illustrated in Scheme 1.

Electrophoretic mobility

The electrophoretic mobility of latex particles [24, 25] was
measured with the Zeta Sizer III (from Malvern Instru-
ments, England) as a function of pH, ionic strength (NaCl)
and temperature. Each point is the average of at least five
measurements.

Measurement of stability ratios

Critical coagulation concentration (CCC) was determined
from the coagulation rate constants as a function of ionic
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Scheme 1

Fig. 1 Optical density versus time (s) for typical coagulation
measurement using NaCl salt (at 20 °C)

strength (NaCl) and at two temperatures (20 and 43 °C).
The optical density variation (Fig. 1) of the latex was first
measured at a 600 nm wavelength by rapid mixing of the
latex particles and the electrolyte solution, using a
UVIKON 930 spectrophotometer. The turbidity variation
versus time induced by the coagulation of latex particles
can be obtained using the relationships between the op-
tical density and the turbidity as given by the following
equation:

q"2.303
OD

¸

, (2)

where OD is the optical density and ¸ is the length of the
sample (in cm).

The stability factor ¼ [26] defined by Eq. (4) was
obtained as the ratio of the initial slope of the turbidity
versus time for fast (k

&
) and slow (k

4
) coagulation, respec-

tively:
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The CCC was then obtained from the ionic strength con-
centration (C

4
) (where C

4
is the electrolyte concentration;

NaCl) at which the slope (log(¼)/log(C
4
)) of log(¼) versus

log(C
4
) variation was reduced to zero.

Results and discussion

All latexes prepared according to formulation recipes de-
tailed in Ref. [1] were characterized with respect to par-
ticle size and size distribution, surface charge density,
electrophoretic mobility and colloidal stability. For sake
of clarity, the behavior of selected samples was reported to
illustrate the variation of a specific colloidal property as
a function of experimental parameters (pH, ionic strength
and temperature).

Particle size and size distribution

At first, the latexes were examined by TEM as shown in
Fig. 2 for four samples. It is worth mentioning that all
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Fig. 2 Transmission electron micrographs of various latexes DD1 (a), DD3 (b), DD10 (c) and DD7 (d) samples
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Table 1 Particle size D
)

and
D

TEM
as determined by QELS

and TEM, respectively
Sample AEM!) D

)
(20 °C) D

)
(50 °C) D

TEM
PDI") d#)

[%] [nm] [nm] [nm] [nm]

DD1$) 0 (batch) 356 310 306 1.007 23
DD3 2 at 57 573 352 321 1.047 110
DD4 2 at 89 551 358 303 1.011 96
DD5 2 at 94 595 385 315 1.010 105
DD6 2 at 97 580 364 335 1.008 108
DD7 2 at 31 * * * * *
DD10 0 at 70 603 364 288 1.012 119
DD12 3 at 70 484 334 302 1.004 75
DD11 4 at 70 358 315 303 1.005 21

!)The percent of AEM added at a given conversion of seed polymerization.
")The polydispersity of latex particles from TEM.
#) d (nm)"(D

),20°C
!D

),50°C
)/2.

$)DD1 latex bearing amidine groups was prepared by batch soap-free emulsion polymeriz-
ation (styrene, NIPAM and V50).
*)Polydisperse latex particles.

latexes exhibit a narrow size distribution except for sample
DD7 in which the shot addition of the monomer mixture
was performed at too low conversion. Such a result is the
consequence of the mechanism of particle formation in this
precipitation polymerization process leading to a constant
number of particles early in the conversion as detailed in
the previous paper [1]. As also evidenced from TEM data
collected in Table 1, the average number particle size is
around 300 nm, regardless of the synthesis process, an
indication that the final hydrophilic particles are in
a shrunken form in the dried state and appear spherical
when viewed by TEM. Due to the complex nature of the
shell of these particles, i.e. the presence of a thermo-
sensitive polymer with cationic charges at chain ends or
distributed along with the chain, a thorough study was
investigated on the influence of both the temperature and
ionic strength on the particle size.

Effect of temperature

Particle diameters were measured by dynamic light scat-
tering in diluted dispersions. The hydrodynamic diameter
of the particles, D

)
, is the distance from the center of the

particle to the shear plane at the surface, which is assumed
to be that of a nondried particle.

The variation of the hydrodynamic diameter D
)

as
a function of temperature for two latexes (DD1 and DD3)
is reported in Fig. 3. As expected, a remarkable change is
observed around 32 °C which corresponds to the LCST of
poly[NIPAM] [27, 28]. Particle size for both latexes ap-
pears constant below 27 °C and above 35 °C. However, in
the temperature range (27—35 °C), particle size drastically
decreases, due to the shrinkage of the shell containing
poly[NIPAM], induced by dehydration of amide moieties

Fig. 3 Temperature dependence of the hydrodynamic size of DD1
and DD3 latexes at 10~3 M ionic strength (NaCl) and pH 6

in the hydrogel. The dehydration process leads to
a coil—globule transition, a phenomenon which has been
extensively investigated and discussed by several authors
[11—13, 29].

Based on this preliminary study, particle size of all the
latexes were then determined at 20 and 50 °C, respectively.
The difference between the hydrodynamic diameters below
and above the LCST of poly[NIPAM] provides a quali-
tative estimation of the hydrogel shell thickness (d) (and
consequently on the swelling property), as reported in
Table 1 for various latexes. It is clearly evident that the
core—shell latex particles prepared by batch polymeriza-
tion in the absence of AEM and MBA exhibit a slighter
thickness (d) than those obtained with a two-step process
(shot polymerization), probably due to the largest amount
of NIPAM used in this latter process. In addition, the
hydrogel thickness in core—shell latexes depends on both
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the AEM concentration introduced during the shot addi-
tion (DD10, DD12 and DD11) and the conversion of the
initial batch polymerization at which the shot addition
was performed. The effect of AEM seems more significant,
a result which has been interpreted by a transfer reac-
tion entailed by the amino-containing monomer and
causing the production of large amounts of water soluble
polymers [10].

Effect of ionic strength

Particle diameter (QELS) was then investigated as a func-
tion of monovalent electrolyte concentration (NaCl) and
the results are given in Fig. 4 for two latex samples (DD1
and DD4). In both cases, the hydrodynamic diameter is
found to decrease upon increasing the electrolyte concen-
tration. The effect was more marked in the case of two-step
polymerized sample (DD4) than with the batch one (DD1),
containing a lesser amount of poly[NIPAM]. The influ-
ence of salinity on the hydrodynamic size variation can be
explained by reference to the contribution of two phe-
nomena:

f As reported by several authors [8, 30], increasing the
electrolyte concentration was found to cause a decrease
of the medium solvency of poly[NIPAM] (increase in
the Flory—Huggins interaction parameter between the
polymer and water) even below the LCST, then result-
ing in the reduction of the poly[NIPAM] coil volume.

f In the case of hairy particles in which the polymer
chains at the particle surface are polyelectrolytes,
adding salt (NaCl) screens the electrostatic repulsions
between the ionic groups distributed along with the
polyelectrolyte chains. This also results in a decrease of
the hydrodynamic volume of the corresponding poly-
electrolyte hairs as recently discussed by Seebergh et al.
[31].

On this basis, it can be postulated that the first effect is
probably more involved in the case of DD1 sample in
which cationic groups are only located at chain ends.
Contrarily, the second effect, and perhaps also the first one
but at a lesser extent, would be more responsible for the
reduction of the thickness layer in the case of shot-growth
latexes (DD4).

A complex combination of both contributions dictates
the stability, the equilibrium and the swelling state of such
a hydrogel shell as a function of environmental conditions.

Surface charge density

The concentration of amino and amidine groups on the
latex surface was determined by colorimetric titration as

Fig. 4 Particle size as a function of ionic strength in semi log
presentation for DD1 and DD4 latexes (pH 6.0, temperature 20 °C)

Table 2 Charge density (in kmole/g) and electrophoretic mobility
(k

%
) at 20 and 40 °C for all latexes

Sample p k
%
at 20 °C!) k

e
at 40 °C!)

[kmole/g] [10~8 m2/Vs] [10~8 m2/Vs]

DD1 12.30") 2.0 3.81
DD3 24.10 1.4 3.5
DD4 14.60 0.5 2.7
DD5 15.96 ND ND
DD6 15.93 0.7 2.7
DD10 10.20") 0.5 3.8
DD12 35.00 1.7 ND
DD11 23.70 2.1 ND

ND"not determined.
!)Measured at pH 6.0 and 10~3 ionic strength (NaCl).
")Latex particles bearing only amidine groups.

reported in the first column of Table 2 for all the latexes.
The surface charges for batch latex particles only originate
from the initiator fragments, whereas, for shot-growth
latex particles, they come from both the initiator (V50) and
the functional monomer (AEM). Since the ionic charges
are more or less randomly distributed within the hairy
layer, the surface charge density were only expressed in
mole/g instead of mole/m2.

Due to the use of a cationic monomer (AEM) in the
preparation of shot-growth latexes, their surface charges
are significantly higher than for the batch one. In addition,
as expected, the charge density (in mole/g) is found to rise
when the concentration of the functional monomer was
increased during the shot process (DD1 to DD11 samples).
These results corroborate that the best way to increase the
incorporation yield of the functional monomer on this
type of latex relies on the use of a two-step polymerization
process.
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Electrophoretic mobility

The electrophoretic mobility (k
%
) measurements of these

stimuli-responsive polymer colloids were investigated as
a function of pH, and ionic strength and temperature, with
a view to identifying the nature of the surface charge and
the electrokinetic behavior of the various latexes in rela-
tion to their interface structure.

Effect of pH on the electrophoretic mobility

The electrophoretic mobilities (k
%
) of the latex particles

were examined as a function of pH at a constant ionic
strength (10~3 mole/l NaCl). The behavior of DD1, DD3
and DD11 samples was compared in order to highlight the
effect of the polymerization method and composition of
the recipe on the electrokinetic properties of the final
latexes.

From Fig. 5, showing the variation of the electrophor-
etic mobility as a function of pH, it appears that all
the latexes exhibit a positive mobility below pH 9 as
expected from the nature of the cationic charges. As pH
increases from 9 to 10, the electrophoretic mobility grad-
ually decreases, revealing the partial neutralization of
amidine and amine groups in this pH range. The isoelec-
tric points (IEP) of these cationic core—shell latexes are
found to be close to 10 for amidine latexes and 9.5 for
amine ones. Similar data have already been reported in the
case of polystyrene cationic latexes bearing amidine
and/or amine groups (using AEM monomer) [32, 33]. The
negative electrophoretic mobility observed above pH 10 is
usually attributed to the presence of carboxylic groups
originated from the hydrolysis of amidine groups [27].

Comparison of DD1 and DD3 samples allows to show
the differences in the electrokinetic behavior between
batch (amidine) and shot (amine and amidine) polymerized
latexes. In the case of DD1, k

%
starts to gradually decrease

at lower pH than with DD3 for which a plateau value
prevails up to pH 9. Besides, comparison of DD3 and
DD11 samples evidences the influence of the amount of
the functional monomer (Table 1). It can be seen that
DD11 sample with 4 mole% AEM exhibits a higher pla-
teau (k

%
) value than DD3 which was obtained with only

2 mole%. As a general remark, there is no ‘‘linear’’ rela-
tionship between the surface charge density and the elec-
trophoretic mobility at the plateau value (in the acidic
range domain) as predicted by the theory [24]. This anom-
aly can be attributed to: (i) the complexity of the shell
structure (cross-linking density, thickness layer, etc.), (ii)
the surface morphology as pointed out in the previous
paper [1] and (iii) the charge distribution in the hydrogel
shell volume.

Fig. 5 Electrophoretic mobility of DD1, DD3 and DD11 latexes as
a function of pH at a constant ionic strength 10~3 M and at 20 °C

Fig. 6 Electrophoretic mobility of DD1 and DD4 latexes as a func-
tion of ionic strength at a constant pH 6.0 and at 20 °C

Effect of ionic strength

This was investigated at room temperature and pH 6 with
DD1 and DD4 latexes, the results are illustrated in Fig. 6.
For the batch latex (DD1), electrophoretic mobility versus
ionic strength exhibits a marked maximum as clearly seen
for negatively [33] or positively [34] polystyrene latexes.
However, no maximum was observed in the case of the
shot growth (DD4) latex, a behavior in quite good agree-
ment with that already reported by Mc Phee et al. [8] and
Makino et al. [16]. The presence or the absence of a max-
imum in the k

%
variation versus salinity of the medium, has

been attributed to the surface particle structure of the latex
investigated (smooth or hairy layer).

Tentative interpretation of such a variation in the
electrophoretic mobility profile versus ionic strength of
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both latexes is questionable since several phenomena are
simultaneous involved: (i) volume charge density; (ii) ad-
sorption of co-ions; (iii) particle electrical conductance;
(iv) thickness layer, concentration of polyelectrolytes chain
and cross-linking density of the shell (in DD4).

Such a difference can be qualitatively explained by
considering the nature of the shell whose structure is
controlled by the mode of polymerization process per-
formed for preparing the two latexes. In the case of DD1
sample (batch latex) it was previously evidenced [1] that
particles resulted from a complex polymerization mecha-
nism providing, after a phase separation step, a polysty-
rene-rich core surrounded by a poly[NIPAM]-rich shell.
Although the compatibility of the two-polymer phase, is
probably ensured by a small interphase of styrene—
NIPAM copolymer chains, it may be suggested that such
batch particles would behave like ‘‘hairy’’ particles. On the
contrary, the shell of DD4 latex was built through shot-
polymerization of a NIPAM, MBA, AEM mixture onto
a polystyrene-rich seed. It should be remembered that the
presence of the cross-linker results in the formation of
a dense hydrogel shell in which the presence of long flex-
ible hairs is strongly limited. Therefore, in spite of the
complexity of the shell structure, these shot-growth par-
ticles behave more likely than ‘‘smooth’’ particles.

Effect of temperature

As illustrated in Fig. 7 for DD1, DD6 and DD11 samples,
all latexes show positive electrophoretic mobilities irre-
spective of temperature from 20 to 40 °C. A general tend-
ency is that k

%
increases when raising the temperature of

the medium, with a magnitude depending upon the overall
charge amount (see Table 2). This can be considered as
a consequence of the shrinkage of the interfacial shell layer
located on the latex, as shown in Fig. 3, in which particle
size variation versus temperature was reported. When the
temperature increased from 20 to 40 °C, the hydrodynamic
diameter (D

)
) decreased resulting in an increase in the

surface charge density (p) and consequently, an increase in
the electrophoretic mobility (k

%
). This result can be ex-

plained by the following relationships [11] between sur-
face charge density (p) (5), particle size and electrophoretic
mobility (6) as a function of temperature

p"!

Ne

4nr2
, (5)

k
%
"!

Ne

4ngir2
, (6)

where N is the number of cationic groups per particle, e is
the electron charge, r is the hydrodynamic radius of the

Fig. 7 Electrophoretic mobility of DD1, DD6 and DD11 latexes as
a function of temperature at pH 6 and ionic strength 10~3 M

spherical particle, i is the reciprocal Debye length thick-
ness and g is the viscosity of the medium. The influence of
temperature is less significant with DD1 sample than with
DD6 and DD11 ones, which can be attributed to the
following effects: (i) small hairy layer in DD1 with most of
the charges located near the surface of the particles; (ii)
a more thick shell layer in DD4 with charges distributed
throughout the shell volume. The larger the shell layer
containing poly[NIPAM] hydrogel, the more important is
the influence of temperature, as already pointed by Pelton
et al. [11] and Ohshima et al. [15, 16].

Critical coagulation concentrations of latex particles

Critical coagulation concentrations (CCC) of the various
latexes were determined according to the procedure depic-
ted in the experimental part. Due to the thermal-sensitivity
of the poly[NIPAM]-rich shell layer, the influence of tem-
perature was examined. Figures 8 and 9 show the variation
of the stability ratio (¼) as a function of ionic strength
(NaCl electrolyte) at 20 and 43 °C, respectively, for three
latexes differing in their interfacial structure, i.e., DD1,
DD3 and DD11 samples. In addition, the CCC values
obtained for all latexes are also given for comparison in
Table 3. The general trend is that the obtained CCC values
are higher below the LCST than above, irrespective of the
latex sample.

At room temperature (Fig. 8 and Table 3), i.e., below
the LCST, it is found that the CCC of the various latexes
depends upon the type of latex (batch versus shot-growth)
and amount of used AEM. It may be postulated that at
this temperature, stabilization can be imparted both by
electrostatic and steric effects, due to the expansion of the
hydrophilic chains constituting the shell layers onto the
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Fig. 8 log—log scale of stability ratio (¼) of DD1, DD3 and DD11
latexes as a function of the electrolyte (NaCl) concentration (C

4
) at

20 °C and pH 6.0

Fig. 9 log—log scale of stability ratio (¼) as a function of the
electrolyte (NaCl) concentration (C

4
) of latex particles (run DD1,

DD3 and DD11) at 43 °C and pH 6.0

Table 3 Experimental values for CCC at 20 and 43 °C

Sample CCC [mole/l] CCC [mole/l]
at 20 °C at 43 °C

DD1 0.37 0.12
DD3 0.52 0.13
DD4 0.48 0.17
DD5 0.54 0.14
DD6 0.49 0.14
DD10 0.16 0.04
DD12 0.58 0.17
DD11 1.01 0.34

polystyrene core. The influence of steric stabilization may
be emphasized by considering the low CCC values (0.1 to
0.2 mole/l) obtained (at 20 °C) for similarly cationically
charged polystyrene latexes [35, 36]. Nevertheless, it

should be also remembered that in the case of pure
cationic poly[NIPAM] latexes [10] the CCC was of the
order of 1 mole/l, due to a large steric barrier (300—
500 nm). In the case of the investigated latexes, this barrier,
according to thickness data provided in Table 1, is thinner,
which may explain the lower CCCs obtained. However,
when comparing DD1 and DD10 samples, that only bear
cationic charges at chain-ends, the CCCs are 0.37 and
0.16 mole/l, respectively, whereas the corresponding layer
thicknesses (Table 1) are 23 and 119 nm. Such a surprising
result would probably account for differences in the shell
structure in relation with the nature of polymerization
process: for DD1 batch sample, poly[NIPAM]-rich hairs
would be more flexible than in the case of DD10
sample in which the hydrophilic layer was cross-linked
during the shot process, thus reducing the entropic contri-
bution (decrease in the osmotic effect) of the steric
stabilization. However, adding more AEM in the shot
mixture causes a significant increase in the CCC of the
corresponding shot-growth latexes: the larger the ionic
charge in the shell layer, the higher the CCC, although the
corresponding thickness decreases (down to 21 nm for
DD11 sample). This points out the contribution of elec-
trosteric stabilization in the colloidal stability of such
latexes.

Above the LCST, the observed strong decrease of the
measured CCCs reveals that electrostatic repulsive forces
prevail in the particle stabilization mechanism. Some dif-
ferences are also exhibited according to the type of latex.
At first, although both DD1 and DD10 samples (exclus-
ively bear terminal ionic charges), the CCC value drops
from 0.12 to 0.04 mole/l, respectively. Such a decrease
would again reflect differences in the distribution of ionic
charges in the two latexes, a part of them being possibly
anchored in the subsurface of the core—shell latex due to
the nature of the preparation process. This assumption
might be corroborated in considering the slight CCC in-
crease caused upon increasing the concentration of the
cationic monomer (DD3—DD6 and DD12 samples). It
seems that the observed CCC (0.34 mole/l) is significantly
increased only in DD11 sample (which was prepared with
the highest amount of AEM).

Conclusions

Cationic amino-containing N-isopropylacrylamide—sty-
rene copolymer latexes differing in the preparation process
and amount of cationic monomer have been carefully
characterized as regards to particle size, surface charge
density, electrophoretic mobility and colloidal stability. At
first, it was found that the hydrodynamic diameter of all
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latex particles was found to decrease upon increasing both
the salinity of the dispersion medium and the temperature,
caused by the increase of the Flory—Huggins interaction
parameter and inducing a dehydration process. The pres-
ence of the cationic charges did not significantly affect the
LCST of the poly[NIPAM]-rich chains although the
transition takes place in a broad range of temperature,
revealing both the influence of interfacial aspects and com-
positional gradient profile in such particles.

As expected, both the thermal and electrolyte sensitiv-
ity of these latexes was also reflected in their elec-
trophoretic mobility behavior against pH, ionic strength
and temperature. The largest effects were found more
important with particles exhibiting high cationic charge
densities. The relationship between the surface charge den-
sity and particle size provided a qualitative explanation
however, a complete interpretation of the results cannot

actually be proposed due to the complex structure of the
shell layer.

Finally, the stability behavior of these latexes against
the presence of a monovalent electrolyte was examined
below and above the LCST. At room temperature, the
latexes were more stable due to repulsive forces imparted,
first, by the presence of a steric barrier constituted with the
water-swollen shell layer, and second, by electrostatic
charges, especially for samples prepared by shot-poly-
merization process using a cationic monomer. This latter
effect only operates above the LCST due to the shrinkage
of the shell layer, providing harder particles with cationic
charges located at the interface.

Further studies are currently investigated with a view
to better understand the electrokinetic properties and
stability behaviors of these latexes in the light of recent
theories and will be published later on.
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