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Abstract. The functionalization of Laponite® RD platelets with different cationic, anionic and
non-ionic homo and copolymers synthesized by reversible addition-fragmentation chain
transfer (RAFT) has been investigated. The effective interaction of the macromolecular RAFT
agents (macroRAFT) with the inorganic particles is known to be of crucial importance for the
successful coating of minerals with polymers via RAFT-mediated emulsion polymerization to
produce polymer-encapsulated inorganic particles. The macroRAFT agents synthesized in the
present work contain carefully selected re-initiating R groups, which bear either ionizable
tertiary amine or quaternary ammonium moieties (from 2-(dimethylamino)ethyl methacrylate,
DMAEMA), negatively charged acrylic acid (AA) repeat units or neutral polyethylene glycol
(PEG) side chains, and are capable of interacting with Laponite via different adsorption
mechanisms. The equilibrium adsorption of these RAFT (co)polymers was investigated by the
plotting of adsorption isotherms, and either L-type or H-type curves were obtained. The
hydrophobicity of the macroRAFT was shown to promote adsorption, as did the pending
configuration of the PEG block. Charge repulsion between AA and the negatively charged
surface of Laponite at pH 7.5, on the other hand, was prejudicial for adsorption, while the
strong electrostatic interaction between the cationic DMAEMA molecules and the Laponite

surface led to high-affinity-type curves.



Introduction

Organic/inorganic nanocomposite latexes® represent an innovative branch in materials
science that has attracted considerable attention in recent years owing to the various
applications of the resulting products, from the coating to the pharmaceutical industries
for instance. The incorporation of inorganic nanoparticles into polymeric matrixes
associates the best advantages of inorganics with the processability and flexibility of
polymers, bringing significant improvements to the final properties of the material, as
compared to the corresponding pure polymers.? ® When the polymeric matrix and the
inorganic part interact with good affinity, the fillers can be homogeneously distributed
in the matrix, and the overall properties can be significantly improved. However, these
components do not present, typically, a good affinity with each other, so special
attention must be paid to this matter to avoid phase separation. One of the most
currently used strategies to increase the affinity between organic and inorganic parts is
the modification of the inorganic particles with organic molecules, such as small
ligands or longer polymeric chains. In the case of nanocomposites prepared by
emulsion polymerization, controlling the phase separation, and hence the resulting
particle morphology, is even more challenging due to the complexity of this non-
equilibrium multiphase reaction process which involves a multitude of chemical and
physical phenomena.

The use of reversible deactivation radical polymerization (RDRP) has been an
attractive strategy to overcome the difficulties found in the synthesis of
organic/inorganic nanocomposites by emulsion polymerization.* In short, the approach
relies on the use of hydrophilic living copolymers that work as coupling agents and

stabilizers to generate hybrid latex particles with controlled morphologies.> * °©



Although there has been a few reports on nitroxide-mediated polymerization” &  °

and atom transfer radical polymerization,™ most works in the field have relied on the
use of reversible addition-fragmentation chain transfer (RAFT) polymerization. RAFT
Is a versatile technique for the controlled synthesis of various polymer architectures
that can operate under mild temperatures, is suitable for a broad variety of monomers
and can be performed in a wide range of solvents. All these advantages make the
RAFT process particularly well suited to produce organic/inorganic nanocomposite
latex particles. In 2008, the strategy was first described by Nguyen et al.*? and Daigle
et al.'® to encapsulate different inorganic particles. The method developed, which was
recently called macroRAFT-assisted encapsulating emulsion polymerization (REEP),°
iIs based on the use of amphiphilic macroRAFT agents to promote the interaction
between the inorganic surface and the hydrophobic polymeric block, which is formed
in situ by the chain extension of the macroRAFT, generating the encapsulating shell
around the inorganic particle. For this purpose, hydrosoluble control agents must be
initially adsorbed onto the inorganic particles, and then submitted to a chain extension
with hydrophobic monomers in aqueous media, generating amphipathic block
copolymers either directly on the surface of the particles or in the aqueous phase,
where they suffer a self-assembly process. Diverse particles have been successfully

encapsulated by the REEP technique, including cadmium sulfide® and lead sulfide

18, 19 20, 21

quantum dots, cerium oxide,* silica,’” iron oxide, carbon nanotubes,
Gibbsite,?? layered double hydroxides (LDH),?* ?* 2> Montmorillonite clay (MMT)?® 2
and graphene oxide.?®

The interaction between the macroRAFT agent and the inorganic surface was shown to

be of key importance for the encapsulation of inorganic particles through the REEP

strategy. The RAFT copolymers allow the establishment of an effective physical link



between the inorganic particle and the polymer shell and, with the displacement of the
polymerization locus from the aqueous medium to the inorganic surface, self-
stabilizing hybrid particles can be generated in situ. A strong adsorption of the
macromolecules onto the particle, with a good coverage of its surface and minimal
amount of free molecules in the aqueous phase, guarantees that the macroRAFTS can
act as effective coupling agents and precursors of stabilizers for the nanocomposites.
Following this direction and seeking a better understanding of the relationship between
the adsorption of macroRAFT agents and the encapsulation process by REEP, the aim
of the present work is to study the surface modification of Laponite® RD, a synthetic
clay, with different macroRAFT agents containing anionic, cationic or non-ionic
moieties and evaluate, by means of experimental adsorption isotherms, how the
structure of the macroRAFT agents affects their interaction with the clay surface. The
obtained results are compared with previously reported data on MMT clay and
discussed considering the differences in the physico-chemical properties between the
two clay minerals.

Regarding the design of the molecules, the Z and R groups of the RAFT agent were
carefully selected. The 4-cyano-4-thiothiopropylsulfanyl pentanoic acid (CTPPA), a
(thiocarbonyl)sulfanyil chain transfer agent that carries a short hydrophobic alkyl chain
end (thiopropyl) as Z group, was chosen as RAFT agent. To allow strong interaction
with the inorganic particles, a series of different macroRAFTs with the R group
bearing either an ammonium (or quaternized ammonium) group (from N, N-
dimethylaminoethyl methacrylate, DMAEMA), anionic groups (i.e., acrylic acid: AA)
or neutral polyethylene glycol (PEG) side chains, were synthesized by solution

polymerization in the presence of CTPPA.



The experimental data obtained from the equilibrium adsorption isotherms were fitted
to various models and the characteristic adsorption parameters obtained were used to
provide insights into the adsorption mechanisms of each macroRAFT on Laponite in

aqueous medium.

Experimental

Materials. 4-4'-Azobis-4-cyanovaleric acid (ACPA, > 98%, Sigma-Aldrich), 1,3,5-trioxane
(>99%, Sigma-Aldrich) and n-hexane (95% Vetec) were all used as received. 1,4-Dioxane
(>99.5%), diethyl ether (>99.5%) and petroleum ether (p. a.) were purchased from Sigma-
Aldrich and used without further purification. Trimethylsilyldiazomethane (TMSCHN,, 2 M
solution in diethyl ether, Aldrich) was used for the methylation of carboxyl groups of AA-
containing macroRAFT agents and iodomethane (ICHs, Vetec, 99%) was used for the
quaternization of DMAEMA-based macroRAFTs. Both reagents were used as received.
Poly(ethylene glycol) methyl ether (MPEG, 2000 g mol™, Fluka, 99.5%) was distilled twice
with toluene before use. The monomers: acrylic acid (AA, anhydrous, 99% Sigma-Aldrich),
poly(ethylene glycol) methyl ether acrylate (PEGA, M, = 480 g mol ™, 99%, Sigma-Aldrich),
2-(dimethylamino)ethyl methacrylate (DMAEMA, 99% stabilized, Acros Organics) and n-
butyl acrylate (BA, 99%, Sigma-Aldrich) were all used as received. Deuterated chloroform
(CDCls, 100%, Aldrich), deuterium oxide (D,0O) and dimethyl sulfoxide-dg (DMSO-ds, 99%,
Sigma-Aldrich) were used as solvents for proton nuclear magnetic resonance analysis (‘H
NMR). Tetrahydrofuran (THF, 99.9%, HPLC grade, Aldrich) was filtered and degassed in an
ultrasound bath before being used as solvent in size exclusion chromatography (SEC)
analysis. Triethylamine (TEA, 99%, Vetec) was used as additive in THF for SEC analysis of
DMAEMA-based macroRAFT agents. The water used in the adsorption experiments was

deionized (Purelab Classic UV, Elga LabWater).



Laponite® RD. The clay mineral chosen for this work was Laponite® RD, a synthetic
hectorite produced by BYK Additives Ltd (former Rockwood Additives Ltd, UK). Laponite
has a layer structure comparable with those of natural hectorite and bentonite, being disposed
in the form of disc-shaped crystals with diameter of ~30 nm and thickness of ~ 0.92 nm, when
dispersed in water. In the smectite group, hectorite and MMT are among the most frequently
used clays for the preparation of nanocomposites.? 3 3% 32 3 These materials have unique
properties, such as high ionic exchange capacity, large chemically active surface area and
special hydration characteristics. In the idealized structure of Laponite, the central octahedral
sheet contains six divalent magnesium ions (giving a positive charge of twelve) and is
sandwiched between two tetrahedral layers containing four silicon atoms. Twenty atoms of
oxygen and four hydroxyl groups complete the balance of these layers, forming the magnesia
octahedral and the silica tetrahedral sheets, which should have a neutral charge. However, in
practice, Laponite has a negative surface charge that can be attributed to two factors: the
isomorphic substitution of magnesium ions within the lattice structure by monovalent lithium
ions and the broken edges.®* The negative charges of the crystal faces are counterbalanced by
the adsorption of cations (predominantly Na®) in the interlayer space of Laponite,
corresponding to a cation exchange capacity (CEC) of 0.75 meq g . It has been reported that
the edges of the platelets have small localized positive charges (typically 4-5 pmol g%,
representing less than 10% of the CEC), that slightly decrease with increasing the pH.*® The
edge of the crystal structure contains predominantly MgOH amphoteric groups that can be
protonated or deprotonated depending on the pH of the medium. Above the pH associated
with point of zero charge (PZC) of the edges, which has been indicated to be 11 in the case of
Laponite particles,® H* ions dissociate from the edges (rendering them negative) while,
below the PZC, OH ions are released (and the edges become positively charged. The pH has

a strong influence on the stability of the Laponite dispersion. Laponite dispersions are stable



predominantly at high pH, being found at pH around 10.>” Under acidic conditions, the
leaching of Mg®* ions takes place and the increase in the ionic strength of the medium and on
the positive charges of the edges favor rim-to-face interactions, increasing the gelation rate.
MMT platelets, in contrast, present a PZC of 6.5 and, therefore, the neutralization of edges
charges takes place under more acidic conditions (reducing the range of pH for which the
platelets can undergo edge-to-face interaction).*® In addition, Laponite and natural sodium
MMT can also be differentiated in some other important aspects, such as the much larger
aspect ratio and less uniform dispersity of MMT platelets, together with the different
structural organization of their octahedral layers and their different CEC values (0.92 meq g™
for MMT and 0.75 meq g, for Laponite).>** Moreover, Laponite has some advantages, when
compared for instance to MMT, that make it an ideal model substrate, such as a high chemical
purity, a uniform dispersity of the elementary platelets and the ability to produce clear
dispersions. The anisotropic shape of the platelets and their thermal and mechanical properties
make Laponite an interesting material to be used as inorganic filler. Among the different
grades of Laponite available, the RD grade is the most frequently studied. It is a fast-
dispersing gel-forming grade that does not contain any added peptizer. Peptizer tetrasodium
pyrophosphate (NasP,07, 95%, Aldrich) was added to Laponite powder for adsorption studies
carried out with non-ionic macroRAFT agents (in which neither the edges nor the surfaces of
Laponite were covered with ionizable macroRAFT agents) to hinder gel formation, as this
tetravalent negatively charged ion adsorbs on the rims of the platelets and protects them from
rim-to-face interactions and the formation of “house of cards” structures.*” ** Laponite® RD
(without added peptizer) was used in all other cases in order to also allow interaction with the

clay edges.

Synthesis of RAFT and macroRAFT agents. The RAFT agent: 4-cyano-4-thiothio propyl

sulfanyl pentanoic acid (CTPPA) was obtained as described elsewhere.'” Different



trithiocarbonate macroRAFT agents were synthesized from CTPPA. For the synthesis of
MR1, MR2 and MR11 macroRAFT agents by solution polymerization (see Table 1), initially,
the chain transfer agent CTPPA was added to a two-necked round-bottom flask equipped with
a condenser, where the initiator, ACPA (10% of the molar concentration of RAFT agent) and
the monomers were added. 1,3,5-Trioxane was used as an internal reference for determination
of monomer conversion by 'H NMR, in a molar ratio of 1/12 related to monomer(s). The
mixture was dissolved in a proper amount of 1,4-dioxane, so the final concentration of
macroRAFT agent in the solvent would not exceed 25 wt%, and the reaction medium was
purged for 30 min with nitrogen and then heated to 80°C to start polymerization. Samples
were taken periodically, and after ~7-8 hours, the polymerization was quenched by immersing
the flask into an ice bath. The final products were submitted to 3 precipitation cycles using a
large volume of cold n-hexane or petroleum ether and dried overnight under vacuum at room
temperature. The PEG-CTPPA macroRAFT agent (MR3, Table 1), was synthesized via an
esterification reaction between a 2000 g mol™* mPEG and CTPPA, according to the procedure
described in the literature.’® Some of the homo and copolymers synthesized were used, after
purification, as a precursor in chain extension reactions, to obtain block copolymers (MR4,
MR5 and MR7, Table 1). The synthesis of these macroRAFT copolymers was carried out
using a similar procedure to the one previously described, but the chain transfer agent CTPPA
was replaced, in these cases, by the macroRAFT agents: PEG-CTPPA (MR3) and PAA-
CTPPA (MR1). The macroRAFT agents P(PEGAs-co-BA,)-CTPPA (MR6)Y P(AA4-co-
PEGA4-c0-BA,)-CTPPA  (MR8),  P(AAy-CO-PEGA,-C0-BAg)-CTPPA  (MR9)  and
P(DMAEMA1o-co-BAs)-CTPPA (MR10) were synthesized as described elsewhere.* MR10
and MR11 were submitted to a quaternization reaction with ICH3 in THF for 24 h, according

to the literature procedure.”®* ** The products were filtered and dried in vacuum oven to



remove the excess of solvent and ICH3. The amounts of chain transfer agent and monomers

used in the synthesis are shown in Table 1.

Proton nuclear magnetic resonance spectroscopy (*H NMR). For the synthesis of
macroRAFT agents, the final monomer conversions were monitored by *H NMR at room

temperature (Bruker DRX 300), by diluting the crude reaction medium in DMSO-ds.



Table 1

MacroRAFT agents synthesized and recipes used in the synthesis (JACPA]/[CTA] = 1/10 mol/mol); overall monomer conversion,

theoretical and experimental molar mass and dispersity of all macroRAFT agents synthesized in this work.

Entry MacroRAFT? [CTA] [Monomer], (M) X P M, theo M exp b
(mM) AA  PEGA BA DMAEMA (%) (@mol™  (gmol™)

MR1  PAA,-CTPPA 60.0 250 - - - 95 3120 3630 1.19
MR2  P(AAs-Co-BAy)-CTPPA 1148 1.84 - 1.84 - 98 3440 3420 1.26
MR3° PEG,-CTPPA - - - - - - 2270 3590 1.09
MR4®  PEGys-b-PAA,-CTPPA 62.2  3.05 - - - 86 5310 6710 1.18
MR5®  PAA,-b-P(PEGA,)-CTPPA 74.6 - 0.36 - - 84 5460 4640 1.31
MR6° P(PEGA¢-co-BA,)-CTPPA 54.5 - 0.36 0.22 - 79 3040 2900 1.12
MR7  PAA.-b-P(PEGA¢-co-BA,)-CTPPA 54.8 - 0.41 0.23 - 87 7320 6130 1.21
MR8  P(AA,-co-PEGA,-co-BA,)-CTPPA 60.9 0.31 0.30 0.30 - 87 3100 3120 1.20
MR9  P(AAy-co-PEGA,-c0-BA,)-CTPPA 29.3 031 0.29 0.29 - 83 6230 5730 1.20
MR10 P(DMAEMA,,-c0-BA,)-CTPPA 91.4 - - 0.46 0.90 87 2310 1630 1.42
MR11 P(DMAEMA s-co-BA,)-CTPPA 34.9 - 0.68 0.68 81 4400 4520 1.45

The actual number of repeat units in the polymer chain is based on the individual conversion of each comonomer. ® X = overall monomer conversion;  Synthesized via esterification reaction

between mPEG and CTPPA. ¢ Synthesized using MR3, PEG-CTPPA, as precursor. ¢ Synthesized using MR1, PAA-CTPPA, as precursor.
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By relying on the use of 1,3,5-trioxane as internal standard, the relative integration of
the vinylic protons of the monomers led to the determination of monomer conversion.
The final products obtained after the synthesis of RAFT agent CTPPA and
macroRAFT agents, were dried under vacuum overnight at room temperature and

characterized by *H NMR spectroscopy, using CDCl; as solvent.

Size Exclusion Chromatography (SEC). The average molar masses (number-average
molar mass, M,, and weight-average molar mass, M,,) and the molar mass dispersity
(B = Mw/M,) of the macroRAFT agents were determined by SEC. All samples were
filtrated through a 0.45 um pore-size membrane and analyzed at the concentration of 5
mg mL™. The AA-based macroRAFT agents had their carboxylic acid groups
methylated with TMSCHNS,, in a THF/H,O mixture before injection.*® The analyses
were performed using a Viscotek TDA305 system from Malvern Instruments equipped
with a differential refractive index (RI) (A = 670 nm) and static light scattering
detectors (RALS, 90°, and LALS, 7°) and as well as a viscometer. The separation was
performed at 40°C with THF as eluent at a flow rate of 1 mL min " on a set of columns
that comprise a pre-column (PLgel Olexis Guard 7.5x50 mm) followed by three
columns connected in series (PLgel Olexis Guard 7.5x300 mm). For the analysis of the
DMAEMA-based macroRAFT agents, samples were injected in a Shimadzu HPLC
equipment equipped with an automatic Sil-20A Shimadzu injector and a differential
refractive index detector RID-A (Shimadzu). The eluent was THF with 0.3 wt% of
TEA at a flow rate of 0.8 mL min*. The separation was carried out in two Phenogel
columns (5 pm, 300x7.8 mm?) (Phenomenex) of 10* A and 10° A at 35°C. The number
and weight average molar masses (M,, My) and the dispersity (B = Mu/M;) were
obtained by deriving the RI signal and using a calibration curve based on poly(methyl

methacrylate) (PMMA) standards from Polymer Laboratories.
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Adsorption of macroRAFTs onto Laponite. The interaction of AA-, PEG- and
DMAEMA-based macroRAFT agents with Laponite was investigated and equilibrium
adsorption isotherms were determined for each macroRAFT agent synthesized. For
this purpose, a stock dispersion of Laponite was initially prepared by adding 0.4 g of
Laponite into 20 mL of water and left for 30 minutes under magnetic stirring.
Exclusively for the PEG4-CTPPA and P(PEGAs-co-BA,)-CTPPA adsorption
iIsotherms, the peptizer was added to the Laponite powder in controlled amounts (10
wit% based on clay). Aliquots of 1 mL of the 20 g L™* clay suspension were added to
small flasks, where different volumes of a previously prepared macroRAFT agent
solution were added. All flasks were completed with water until a final volume of 4
mL, obtaining macroRAFT/Laponite dispersions with a fixed final clay concentration
of 5 g L™ and different macroRAFT agent concentrations. The pH of each dispersion
was carefully adjusted at this point, by adding droplets of NaOH or HCI aqueous
solutions. The dispersion was stirred for approximately 15 hours to ensure that the
adsorption had reached equilibrium as many works report that polymer adsorption on
solid surfaces is fast,*® and further ultracentrifuged at 60 000 rpm for one hour, using a
Sorvall™ MTX 150 Micro-Ultracentrifuge, from Thermo Scientific. The supernatant
was recovered for determination of the amount of free macroRAFT agent (the
equilibrium concentration of macroRAFT agent in the supernatant, C., g L™Y) by
spectrophotometry, using a spectrophotometer Genesys™ 10UV from Thermo
Scientific and optical glass cuvettes with 10 mm optical path, at a wavelength (1) of
310 nm. The macroRAFT agents, which derive from CTPPA, contain a
trithiocarbonate chain end that guarantees their absorbance in the ultraviolet-visible
spectral region, presenting an intense absorption at 310 nm.*’ A calibration curve of

absorbance as a function of macroRAFT agent concentration was pre-determined at
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this wavelength by successive dilutions of a concentrated solution of macroRAFT
agent. With the difference between the initial concentration of macroRAFT agent, Cy
(g L™ and the equilibrium concentration, it was possible to calculate the adsorbed
amount of macroRAFT agent, g. (mg g™ ), according to:

o = =% 1000 1)

Cclay

where Cgjay (9 L% is the concentration of Laponite in the sample.

Some of the adsorption isotherms were randomly selected for duplicates, in order to
verify the repeatability of the measurements, and no significant variation was observed

in these cases.

Dynamic Light Scattering (DLS). The hydrodynamic particle diameter (Z,,) and the
particle size distribution (indicated by the Pdl value; the higher this value, the broader
the size distribution) were determined by DLS in a NanoZetasizer instrument from
Malvern. Typically, one drop of the sample was diluted in pure deionized water before
analysis and the reported particle size represents an average of 3 measurements. Even
though this technique is more indicated for spherical particles, not providing an exact
measurement of Z,, of platelets, it can be considered a useful indicative for comparing
lamellar particles, such as the ones obtained in this work.*® Samples were also

characterized in terms of Zeta potential ({ potential), with the same instrument.

Mathematical modelling. The adsorption results were fitted to six different adsorption
isotherms models: Langmuir, Freundlich, Tempkin, Redlich-Peterson, Sips and
Brunauer-Emmett-Teller. The constants of each model were determined by non-linear

regression by using the Solver Add-in of Microsoft Excel®. The equations
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corresponding to each model, a detailed description thereof and the procedure applied

for the estimation of their constants are presented in Supporting Information.

Results and discussion

Synthesis of macroRAFT agents

Three different types of macroRAFT agents, presenting anionic, cationic or non-ionic
(linear or pending) blocks, were synthesized by solution polymerization which
represents the initial step towards the preparation of polymer/Laponite nanocomposite
latexes by the REEP process. As mentioned previously, these (co)polymers have either
AA-, DMAEMA- or PEG-based structures, and the presence of each of these repeating
units aims to tune the interaction between the macroRAFT agents and Laponite.
lonizable DMAEMA units, with opposite charge to that of the inorganic particle
surface, were strategically chosen to promote strong electrostatic interaction of the
macroRAFT copolymers with the negatively charged clay particles.**>* As an
alternative to cationic macroRAFT agents, PEG-based homo and copolymers were also
selected considering their potential to adsorb on clay particles.*” **" When compared
to positively charged molecules, a weaker interaction is expected for neutral PEG
polymers, so some of these molecules were also designed containing negatively
charged carboxylic acid groups (AA) to tune the interaction of the macroRAFT agents
with the inorganic surface due to a potential interaction with the positively charged
rims of the platelets as well. In addition, copolymers containing random units of BA
were designed, aiming to increase the hydrophobicity of the clay environment, which
is highly hydrophilic, in order to attract, in the case of a subsequent REEP, the growing

hydrophobic polymeric block close to the Laponite/macroRAFT domains. Both AA-

14



and DMAEMA-based polyelectrolytes as well as the pending or linear polar blocks of
ethylene glycol, are also expected to provide stability to the hybrid particles. The main
structures synthesized, as well as the RAFT agent, monomers and mPEG used in the

synthesis, are represented in Figure 1.
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Figure 1. CTPPA RAFT agent, mPEG and monomers used in the synthesis of the macroRAFT agents
employed in the adsorption study with Laponite and schematic representation of the different
macroRAFT structures synthesized.

The results of overall monomer conversion (X), theoretical and experimental molar mass (M,
theo, M, exp) @nd dispersity (D) of all macroRAFT agents synthesized in this work are listed in
Table 1. Polymerizations were successfully carried out and the synthesis of most macroRAFT
agents followed a controlled behavior, according to the RAFT mechanism. The polymers
synthesized, which were further used in the adsorption experiments, were well defined in
terms of microstructure, composition, chain length and dispersity (more detailed information
can be found in the Supporting Information). Since the use of PMMA standards for SEC
analysis and the presence of residual macromonomer and methylation agent in some samples

prejudiced the obtainment of reliable experimental M, values for polymers with low molar

15



mass, a deviation from theoretical M,, could be observed in some cases. However, the homo

and copolymers synthesized were considered adequate for the study proposed in this work.**

Adsorption isotherms of anionic macroRAFTSs onto Laponite

To better understand the interactions between AA-based macroRAFT agents and
Laponite, the adsorption behavior of the PAA4-CTPPA (MR1) and P(AA15-Co-BAs)-
CTPPA (MR2) macroRAFT agents onto Laponite was studied. The adsorption of
negatively charged (co)polymers on negative charged clay surface is usually very low.
It has been reported that the adsorption of PAA (50000 g mol™) on sodium MMT at
pH 5.6 resulted in maximum adsorption capacity of 6.75 mg g™* (0.135 umol g %),*®
while the adsorption of PAA (3400 g mol ™) on Kaolinite at pH 7 resulted in a Omax
value of 1.73 mg g * (i.e., 0.51 umol g %).> In this work, the adsorption isotherms of
the anionic macroRAFT agents, as well as all macroRAFT agents containing both AA
and PEGA units, were carried out at a fixed pH of 7.5. This pH was selected since it is
high enough to guarantee the ionization of the carboxyl groups of the AA units, and
hence the solubility of the macroRAFT agents in water, including those containing BA
units. In addition, at this pH, the groups located at the edges of the platelets are
protonated causing them to be positively charged. The results shown in Figure 2 reveal
that the adsorption of MR1 on Laponite at pH 7.5 is low. A reasonable explanation for
the poor interaction between Laponite and PAA could rely on the fact that, under the
experimental conditions used, the overall surface charge of the clay is negative, and it
leads, therefore, to the formation of a repulsive force between the clay and the also
negatively charged AA moieties. It is possible that the edges of the platelets exhibit, in
fact, a negative electrostatic field that prevails over their positive charge due to the

spilling over of the negative double layer from the faces into the edge region. This
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phenomenon, known as the spillover effect, has been described by Secor et al.®® as an
important event affecting anion adsorption on MMT platelets at low electrolyte
concentration, and it depends on the aspect ratio of the particles, the charge density of
the edges and the ionic strength of the medium. In the case of MMT, it has been shown
that the presence of negatively charged AA units in the macroRAFT agent structure, as
compared to a similar AA-free structure, leads to a lower affinity of the macroRAFT
for the clay surface.*? Indeed, the larger aspect ratio of the MMT particles and the
lower charge density of their edges may make them more susceptible to the spillover
effect than Laponite. Although less pronounced than for MMT, in the present case, the
existence of repulsive electrostatic forces emanating from the particle can also possibly
prevent anion adsorption onto the edges of the clay resulting in low MR1 adsorption.

On the other hand, a considerable higher adsorbed amount of P(AA1s-CO-BAjg)-
CTPPA (MR2), compared to PAA4-CTPPA (MR1), can be observed, indicating the
importance of the presence of hydrophobic BA units for adsorption.®" % Although the
mechanism that drives the interaction between amphipathic copolymers and

hydrophilic surfaces is not very obvious,®* *

the poor solubility of BA in water can be
considered as one of the explanations to the increase in adsorption. Hydrophobic units
can adsorb onto Laponite surface in order to minimize their interaction with the
aqueous medium.** ® The random distribution of the BA units along the copolymer
chains guarantees that the later do not self assemble into micelles, and are therefore not
shielded from water by the hydrophilic groups, promoting adsorption. Since the
adsorption of pure PAA is almost absent at pH 7.5, this hydrophobicity-induced
interaction might represent the main driving force for adsorption in the case of the

MR2 copolymer. Similar hydrophobic effects have already been reported in the

literature for the adsorption of analogous macroRAFT copolymers onto LDH
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platelets.®® Silva et al.** also showed that the presence of BA units along the
macroRAFT agent structure influenced adsorption. However, in this previous work,
the presence of PEGA units in the same structure did not allow this effect to be

isolated, and thus conclusively demonstrated.

400

300 -
=
o
£ 200 1 ® PAA,-CTPPA(MRL)
~ ,r
& L

100 - e & P(AA-C0-BA5)-CTPPA (MR2)

.o
/.’
0 ez @ --""-@------- ®------- *------- -
Ce(@L™

Figure 2. Equilibrium adsorption isotherms of AA-based macroRAFT agents onto the Laponite
surface at pH = 7.5. Laponite concentration = 5.0 g L. @ = PAA,-CTPPA (MR1) and ¢ = P(AA -
c0-BA;)-CTPPA (MR2). The dashed lines represent the best fitting to the Redlich-Peterson
adsorption model.

The adsorption isotherms were fitted to the Langmuir, Freundlich, Tempkin, Redlich-
Peterson, Sips and BET models (see Supporting Information for details). According to
Tables S2 and S3 (ESIY), the Redlich-Peterson model provided the highest coefficient
of determination (R?. This isotherm combines both Langmuir and Freundlich
isotherms into an empirical equation, approaching the Freundlich equation at high
adsorbate concentration and being reduced to the Langmuir isotherm for B = 1
(0<pB<1), and was selected to fit the data in Figure 2. The Redlich-Peterson
constants are listed in Table S3. MR1 presents a qmaxre Of 14 mg g *, while for MR2
this value is 73 mg g *, which corroborates the positive effect of the hydrophobic BA

units on adsorption.
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Adsorption isotherms of PEG-based macroRAFTS onto Laponite

The adsorption behavior of five different macroRAFT agents composed of linear or
pending PEG blocks was investigated. The potential of PEG-based homo and
copolymers to adsorb on clays is well known in the literature,** *" %% however, when
compared to positively charged molecules, a weaker interaction is expected for neutral
PEG polymers. For this reason, some of these molecules were also designed containing
AA and/or BA units to tune their interaction with the inorganic surface and, in these
cases, the adsorption study was carried out at pH 7.5 (i.e., below the edge isoelectric
point, IEP), while the other isotherms were carried out at pH 10. The adsorption

isotherms are displayed in Figure 3.
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Figure 3. Equilibrium adsorption isotherms of PEG-based macroRAFT agents onto the Laponite
surface. Laponite concentration =5.0 g L. @ = PEG,-CTPPA (MR3) at pH 10; ® = PEG,s-b-PAA,,-
CTPPA (MR4) at pH 7.5; B = PAA,-b-P(PEGA,)-CTPPA (MR5) at pH 7.5; X = P(PEGA4-co-BA,)-
CTPPA (MR6) at pH 10 and A = PAA4-b-P(PEGAs-c0-BA,)-CTPPA (MRY) at pH 7.5. The dashed
lines represent the best fitting to the Sips adsorption model.

The isotherms of PEG45-CTPPA (MR3) and P(PEGAs-co-BA,)-CTPPA (MR6) display
a steep initial slope that indicates that both non-ionic macroRAFTSs present a strong

interaction with the clay and a high affinity for the Laponite surface. In both cases, a
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clear plateau can be observed, which indicates that, with increasing the concentration
of macroRAFT, the surface of Laponite becomes saturated and there is no further
adsorption. Additionally, since the plateau is reached at high concentrations of
adsorbed macroRAFTS, it can be concluded that the macroRAFTs allowed a high
coverage of Laponite surface. According to the Sips model, the isotherm of MR3
displayed a maximum adsorption capacity of 604 mg g * (168 umol g %) in agreement
with previous literature,*” while for MR6 the value was 411 mg g * (142 pmol g%). It
Is worth noting that similar gmax values have already been reported in the literature for
the adsorption of P(PEGA-co-BA)-CTPPA onto MMT at pH 8,% indicating that the
interaction between the P(PEGA-co-BA) macroRAFT chains and the clay is not
significantly influenced by the particles’ different CEC values and aspect ratios.

The difference of adsorbed amounts between the two polymers, as to it, can be
reasonably attributed to different conformations of adsorption. Indeed, linear non-ionic
polymers (like MR3) adsorb on hydrophilic surfaces in the form of trains, loops and
tails. The amount of loops is expected to depend on the molar mass of the polymers,
and the formation of loops enables a closer packing of the chains at the surface, leading
to an increase in the adsorbed amount.®” Comb-like polymers, on the other hand, have
the ability to attach to surfaces not only through the side chains but also through the
backbone segments. For this reason, these polymers adsorb onto surfaces in an
extended conformation, lying flat on the inorganic surface and occupying a larger area.
They are expected to present, therefore, lower adsorption in mass than the linear

equivalents of comparable molar mass.”® " 7% 73

The relatively strong adsorption
observed in the case of MR6, can be thus considered to be the result of the interplay
between: i) the effect of the pending chains (which depends on the conformation of the

brush-like polymer in solution, and consequently on the length of the side chains with
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respect to the length of the backbone and on the number of side chains), ii) the effect of
the slightly higher molar mass presented by this copolymer, and iii) the effect of the
presence of hydrophobic BA units.

As shown in Table S2 and S3 (ESIY), all isotherms could be well fitted to the Sips
model and the gmax Values calculated by this model are all in good agreement with the
maximum adsorption capacities determined experimentally.

Concerning the AA-containing PEG-based macroRAFTs, all of macroRAFTs
belonging to this group present a lower affinity for Laponite than the corresponding
AA-free polymers. When comparing the adsorption isotherm of P(PEGAg-CO-BA,)-
CTPPA (MRG6) with the one of PAA4-b-P(PEGAs-co-BAL)-CTPPA (MRY7), for
example, different adsorption behaviors can be noticed with considerably lower
affinity of the AA-containing molecule (MR7) for the Laponite surface, as indicated by
its more gradual initial slope, at low C. values. This lower affinity caused by the
presence of the PAA block could be expected since the PAA block of MR7 should not
interact with the clay, as previously discussed for the PAA-CTPPA macroRAFT agent
(Figure 2), remaining instead dangling in solution while the P(PEGA-co-BA) block
adsorbs on the clay surface. Indeed, the comparison between the adsorption behavior
of MR7 and MR6 shows that, when expressed in pumol g, the gmax s Value is lower for
MR7 (71 umol g ') than for MR6 (142 pmol g %) but no effective difference can be
noticed when these values are compared in mg g * (438 mg g * versus 411 mg g},
respectively), which corroborates the aforementioned statements.

When comparing the adsorption isotherms of linear PEG45-CTPPA (MR3) and PEGgs-
b-PAA4-CTPPA (MR4), one can come to the same conclusion that AA hinders the
adsorption of PEG units. Indeed, a considerable lower adsorption plateau can be

observed for MR4 (Qmaxs = 184 mg g%, i.e., 27 umol g %) compared to MR3
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(Gmaxs= 604 mg g*, i.e., 168 pumol g ). Nonetheless, when the PEG units were
disposed in a pending conformation, as in the macroRAFT agent PAA4-b-P(PEGAY)-
CTPPA (MRS5), a higher adsorption was observed (Qmaxs = 514 mg g%, 111 umol g ),
when compared to PEG4s-b-PAA4,-CTPPA (MR4). It can be noticed that the isotherm
did not reach a clear plateau in this case, which suggests multilayer adsorption. Indeed,
while the PEG block is expected to adsorb on the clay surface, the PAA block would
remain dangling in solution, in a tail-like conformation, available to interact with the
PEGA units of new incoming macroRAFT agents, as it has already been described for
MMT, for similar macroRAFT systems.*? Incrementing the non-charged segment with
random units of BA in the macroRAFT PAA4-b-P(PEGAs-co-BA,)-CTPPA (MR7)
seems to further promote adsorption, as already discussed for MR2, and the isotherm
of this copolymer has a more defined equilibrium plateau, with a higher slope, in
comparison to the isotherm of MR5 (PAA40-b-P(PEGA,)-CTPPA).

The adsorption of two random copolymers composed of AA, PEGA and BA with
different molar masses was lastly evaluated. The isotherms of P(AA;-co-PEGA4-co-
BA,)-CTPPA (MR8) and P(AAs-co-PEGAg-c0-BAg)-CTPPA (MR9) are shown in
Figure 4, as well as the isotherm of PAA4-b-P(PEGAs-c0-BA,)-CTPPA (MR7),
which is recalled from Figure 3. The dashed lines represent the fitting of the isotherms
to the Sips equation, and the Sips constants obtained by non-linear regression are listed

in Table S3 (ESIY).
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Figure 4. Equilibrium adsorption isotherms of: ® = P(AA,;-co-PEGA,-co-BA,)-CTPPA (MRS8); ¢ =
P(AAy-Co-PEGA,-c0-BAy)-CTPPA (MR9) and 4 = PAA,-b-P(PEGAs-co-BA,)-CTPPA (MR7) onto
the Laponite surface at pH 7.5. Laponite concentration = 5.0 g L. The dashed lines represent the best
fitting to the Sips adsorption model.

One might expect that the chain length has a great effect on polymer adsorption, since
high molar mass polymers are more prone to give rise to longer tails and loops than
smaller molecules, increasing the coverage of the particles and the affinity of the
polymers for the clay surface (indicated by the initial slope).” Indeed, in the case of
MR8 and MR9, at high concentrations of macroRAFT, the adsorption of the longer
chain was two times higher (130 umol g for MR9 vs 63 umol g ' for MRS).
However, this polymer had only a moderate affinity for Laponite as indicated by the
shape of the curve and the low initial slope, which can likely be ascribed to the higher
number of AA units. Next, when comparing the adsorption isotherm of MR8 with that
of the block copolymer MR7 (Qmaxs = 71 pumol g %), the higher affinity of the block
copolymer is emphasized although MR7 contains more AA units, and indicates that the
random distribution of AA along the copolymer chain is unfavorable for adsorption. A
similar behaviour has been reported for the adsorption of random anionic copolymers
on MMT clay at pH 8.%% In that case, the adsorbed amount significantly increased at

pH 5 as the ionized AA units could then undergo electrostatic interactions with the
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MMT edges. The lower ionization degree of the macroRAFT agents at this pH, may
have also decreased electrostatic repulsions between the chains, promoting adsorption.
However, in the case of Laponite, the use of a pH as low as 5 is not suitable due to gel
formation. Yet, the analysis of the experimental adsorption data indicates that the
values of maximum adsorption obtained for Laponite at pH 7.5 are comparable to the

ones obtained for MMT under similar pH conditions.

Adsorption isotherms of cationic macroRAFTSs onto Laponite

Since Laponite is a cationic exchanger, polycations, such as the protonated form of
PDMAEMA, can adsorb on its surface by electrostatic interaction between the
opposite charges of the polyelectrolytes and the platelet surface. Thus, the
incorporation of DMAEMA units in the macroRAFT agent is strategic for the
promotion of strong electrostatic interactions between the macroRAFT and the
negatively charged clay particles. Considering this, two different cationic macroRAFT
agents based on DMAEMA (MR10 and MR11) were synthesized and submitted to a
quaternization process to guarantee the total ionization of the chains independently of
the pH of the medium. These macroRAFT agents were named MR10g and MR11q.
They were used in the adsorption study as well as the unquaternized MR11. To ensure
the ionization of MR11, its adsorption on Laponite was carried out at pH 6 as the pK,
of DMAEMA homo and copolymers is ~7-8."% ™ As the quaternized-based
macroRAFT agents possess permanent positive charges, their adsorption was
investigated at pH 10. At this pH value, the quaternized cationic macroRAFT agents

76

could also adsorb on the possibly negatively charged edges of Laponite,”” which

should thus guarantee the full coverage of the platelets.

24



The adsorption results for all DMAEMA-based macroRAFT agents are shown in
Figure 5. As expected for the adsorption of oppositely-charged polymers on clay
minerals, high-affinity type isotherms (H-type, according to the Gilles classification’")
were obtained for all DMAEMA-based macroRAFT agents. The isotherms were fitted
to the adsorption models and a good fit was obtained for the three-parameter equations
of Sips, Redlich-Peterson and BET models. However, some of the constants found for
Sips and Redlich-Peterson, like gmax, Seems to be overestimated and therefore the BET
model was chosen to represent the data. In addition, this model can describe both
monolayer and multilayer adsorption. The fitting to the BET adsorption model is
represented by the dashed lines in Figure 5, while the BET constants are listed in

Table S3 (ESIT).
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Figure 5. Equilibrium adsorption isotherms of cationic macroRAFT agents onto the Laponite surface.
Laponite concentration = 5.0 g L. ® = P(QIDMAEMA,-co-BA,)-CTPPA (MR10q) at pH 10; &
= P(QDMAEMA -c0-BA,)-CTPPA (MR11q) at pH 10 and B = P(DMAEMAs-co-BA,)-CTPPA
(MR11) at pH 6. The dashed lines represent the fitting to the BET adsorption model.

The shape of the isotherms, with steep slopes, indicates strong affinity of all
macroRAFT agents for the clay surface, even for very low polymer concentrations.

Indeed, due to electrostatic interactions, H-type isotherms are generally observed for

25



the adsorption of polycations on clays, such as MMT.* In Figure 5, it can be observed
that the adsorption isotherms of the quaternized molecules, MR10qg and MR11q, do not
reach a clear plateau. Interestingly, the adsorption isotherm of MR11, the non-
quaternized equivalent of MR11q, displays a well-defined plateau, indicating
saturation of the surface, without further adsorption of polymer molecules onto the
previously adsorbed polymer layer. The gmaxs Obtained using the BET model was 755
mg g (i.e., 167 pmol g %), which agrees well with the maximum adsorption capacity
determined experimentally (163 umol g™%). In contrast, the strong interaction between
the quaternized macroRAFT and Laponite results in a great amount of “trains”
(adsorbed segments), leading to a flat conformation of the adsorbed chains, as
mentioned earlier, in which the negative surface charges of the clay are neutralized by
the DMAEMA units. In such circumstances, free ionized segments, such as loops, are
scarce and the approaching of the macroRAFT chains in solution (and, therefore, the
formation of bi- or multilayers of adsorbed polycations) is encouraged as illustrated in
the inset of Figure 5. In addition, the intramolecular repulsive interaction between the
charged units may force the chains to become more stretched and rigid, encouraging
their adsorption in a flat conformation. This conformation, which predominates for
moderately to highly charged polyelectrolytes, favors the formation of bi- or
multilayers, resulting in higher adsorbed amounts at saturation.*® In this case, the
presence of hydrophobic BA units along the chains may have additionally facilitated
the formation of subsequent adsorbed layers by stimulating the contact between
neighboring chains. The increase in the interchain contact can be noticed by the
decrease in the values of Kg; and increase of Kg, of MR11q (10.2 and 0.167 L mg*,
respectively), as compared to MR11. In the case of non-quaternized MR11, the

formation of multilayers was hindered by the adsorption of macroRAFT in a more
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extended conformation, which favors the formation of loops and tails that impose a
barrier (by electrostatic repulsion) to the approaching of the macroRAFT that is in
solution. For the adsorption of a similar MR structure on MMT,* a higher adsorbed
mass of polycations was equally observed for the quaternized structure in comparison
to the non-quaternized molecules and attributed to the flatter conformation that the
former acquired on the surface of the solids, which favored multilayer adsorption.
However, the isotherms of the non-quaternized copolymers did not display well-
defined plateaus, unlike what is observed here for Laponite. Therefore, some other
differences between the two systems should be considered. First, the CEC of MMT
(i.e., 0.92 meq g?) is higher than that of Laponite (0.75 meq g %), meaning that the
platelets are more negatively charged and, at pH 5 (which is the case of MMT system)
the macroRAFTs are more ionized and the affinity between them and MMT is
stronger. Thus, chains may have laid flatter on the surface of MMT, encouraging
further adsorption over the first layer. In addition, in the case of Laponite, as
mentioned above, the pH of the untreated macroRAFT complex was adjusted to 6 and,
due to the higher point of zero charge of Laponite edges and its smaller surface area, in
comparison to MMT, an electrostatic repulsion between the edges of Laponite and the
also positively charged molecules may have inhibited multilayer adsorption. At a
higher pH of ~10, which was the case for the quaternized copolymer, the edges of the
platelets are more likely to be negatively charged, and consequently not opposing
adsorption, so a higher value of gmaxg Was obtained for the quaternized counterpart
(1198 mg g %, i.e., 250 umol g ). When both quaternized macroRAFT agents (MR10q
and MR11q) are compared in terms of adsorption, a lower adsorbed amount at
saturation is achieved for the shorter and less hydrophobic copolymer

P(QDMAEMAp-co-BA,)-CTPPA (MR10g). Two main factors determine that the
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chain conformation is flatter in this system than it is for the adsorption of
P(DMAEMA5-c0-BA14)-CTPPA (MR11q). The first one is the lower molar mass of
the chains. As mentioned earlier for the non-ionic macroRAFT agents, with decreasing
the chain length, the formation of loops and tails is reduced, and the fraction of
polymer units effectively adsorbed onto the mineral surface increases. The second
factor is that MR10q has fewer hydrophobic units of BA, therefore, the cationicity and,
consequently, the electrostatic repulsion between identically charged groups along the
same chain is higher for MR10q than for MR11lg. As the cationicity of the
macroRAFT increases (either from higher degrees of ionization/quaternization or
lower ionic strength), the formation of long loops and tails is inhibited, and a flat
conformation of the polyelectrolyte is preferred. Moreover, as MR10q is poorer in BA
units, it is less flexible than MR11q to adopt an extended conformation with loops.”
Even though the monolayer adsorption capacities of MR10g and MR11q are very
similar (Qmaxe = 1116 and 1198 mg g *, respectively), a comparison between the
adsorption equilibrium constants of the first layer (Kg; = 5.7 for MR10q and 10.2 mg
g * for MR11q) indicates that the adsorption of the first layer is favored in the case of
MR11g. It is worth reminding that, despite the flatter conformation presented by
MR10g, MR11q is richer in BA units and hydrophobic interactions play an important
role in the adsorption of the first layer. A similar logic can be used when analyzing the
adsorption equilibrium constants of the upper layers. The higher value obtained for
MR11q (Kgz = 0.167 L mg ™) against MR10q (Kgz = 0.038 L mg ™) can be attributed to
the more hydrophobic nature of this copolymer that causes intermolecular interactions
and consequently facilitates the formation of multilayers. In both cases, the adsorption
would be the result of the compromise between the formation of loops and tails and the

hydrophobicity of the chains.
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For the successful synthesis of nanocomposite materials with controlled morphologies
through the REEP technique, an efficient control over the initial dispersion of the
macroRAFT/Laponite particles is a key factor, so it is crucial to guarantee that particles
are well dispersed after the addition of the macroRAFT agent. Therefore, the evolution
of zeta potential, the average hydrodynamic diameters and Pdls with the concentration
of MR10qg was evaluated, as shown in Figure 6. The results indicate that the particles
are totally neutralized (point of zero charge, IEP) at very low concentrations of
copolymer (0.88 g L™), situation characterized by a severe coagulation. In fact,
maximum aggregation commonly occurs for { potentials close to zero. Therefore, at
the 1EP, the measured particle size increases dramatically, as seen in the peak of Figure
6B. Charge reversal then occurs upon further addition of macroRAFT, restoring
colloidal stability. Similar results were obtained for the non-quaternized macroRAFT
P(DMAEMA9-c0-BA14)-CTPPA, MR11, and the corresponding figure is shown in the

Supporting information (Figure S8).
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Figure 6. Evolution of (A) { potential and (B) average hydrodynamic diameters (—e—) and Pdl (o) of
Laponite platelets functionalized with different concentrations of MR10q at pH 10. [Laponite] =
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At the point of zero charge, the macroRAFT agent presents a cationic charge of
0.99 meq g * of Laponite, which can be compared to the clay CEC (0.75 meq g %, even
though this value is an average value for the CEC of Laponite). The reversal of surface
charges happens slightly above the CEC of Laponite, which can be explained by a
discrete mismatch in charge separation between the cationic macroRAFT agent and the
negative surface charges of Laponite (different average distances between negative
charges in clay surface and between the quaternary nitrogen groups along the
copolymer chains).”® ™ This result could also be attributed to the adsorption of the
macroRAFT chains preferentially in coil and loop-like rather than a complete flat
conformation. Adsorption can continue even after the neutralization of the negative
surface charges of Laponite, and the adsorbed amount at saturation (Qmax), IS
considerably higher than the adsorbed amount found at the point of charge inversion.
In fact, adsorption beyond the point of zero charge can be driven by hydrophobic
interactions between the copolymer chains and by entropic effects (e.g., release of
solvent and counterions from the charged copolymers), and has already been reported
in the literature for a similar system involving LDH platelets and anionic macroRAFT
agents.®® 8 At elevated macroRAFT concentrations, the repulsive double-layer forces
between the platelets (now positively charged, with platelets fully coated with
macroRAFT chains) are re-established, leading to highly stable dispersions which is

also consistent with previous literature.®

Conclusions

Equilibrium adsorption of AA-, PEGA- and DMAEMA-based RAFT homo and

copolymers onto Laponite® RD has been studied by plotting the macroRAFT’s solid
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phase against liquid phase concentrations in adsorption isotherms that were fitted to six
different theoretical adsorption models. For PAA, it has been shown that there is
possibly no effective interaction between these moieties and the positively charged
edges of the clay, while its association with a linear block of PEG in the macroRAFT
structure interferes in the adsorption process, although this effect seems to be reduced
to some extent when ethylene glycol units are disposed as pending segments. The
random disposition of AA units along the macroRAFT chain, rather than a block
distribution, was also unfavorable for adsorption. Hydrophobic BA moieties, on the
other hand, have been shown play an important role on adsorption, favoring
macroRAFT-clay and macroRAFT-macroRAFT hydrophobic interactions and
encouraging multilayer adsorption. The adsorption of cationic macroRAFT agents onto
Laponite resulted in high-affinity-type curves. Indeed, a general comparison between
cationic, non-ionic and anionic macroRAFT agents reveals a considerably higher
affinity of the positively charged molecules for the surface of Laponite.
Polyelectrolytes with higher cationicity presented higher tendency to adsorb in a flat
conformation, which seems to facilitate multilayer adsorption, while higher cationicity
facilitates the formation of loops and tails, which impede the approximation of other
chains and result predominantly in monolayer adsorption. Indeed, the conformation
that the adsorbed polymeric chains adopt on the inorganic surface seems to be crucial
in the adsorption process, being determined by several factors, including the pH of the
medium, the flexibility of the molecules, their cationicity, and their molar mass. In
addition to these factors, the adsorption process is strongly influenced by some specific
characteristics of the clay particles, such as the CEC and the edge IEP, as observed
when Laponite and MMT?* isotherms were compared. The strong adsorption of

cationic copolymers onto clay minerals makes them extremely attractive and promising
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for the synthesis of nanocomposites. Despite the challenge these molecules present in
terms of colloidal stability due to coagulation and bridging effects of the polycations,
the results obtained in this work show that stable systems can be obtained with both
quaternized and non-quaternized DMAEMA-based macroRAFT agents. Uncharged
macroRAFT agents PEG-CTPPA and P(PEGA-co-BA)-CTPPA are very interesting
for nanocomposite synthesis as well, since they yield relatively strong adsorption
resulting in high adsorbed amounts of macroRAFT agent. The effect of macroRAFT
composition on the morphology of polymer/Laponite particles synthesized by REEP

will be addressed in future publications.
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