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ABSTRACT 

 

Recently, there has been significant interest in the use of the reversible addition-fragmentation 

chain-transfer (RAFT) technique to generate a variety of organic/inorganic colloidal composite 

particles in aqueous dispersed media using the so-called macroRAFT-assisted encapsulating 

emulsion polymerization (REEP) strategy. In this process, special attention should be paid to the 

adsorption of the macromolecular RAFT (macroRAFT) agent onto the inorganic particles as it 

determines the final particle morphology and can also influence latex stability. In this work, 

different amphipathic macroRAFT agents were synthesized by RAFT and their adsorption onto 

commercial Montmorillonite clay Cloisite® Na+ (MMT) was studied by means of adsorption 
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isotherms. Three types of macroRAFT agents were considered: a non-ionic one based on 

poly(ethylene glycol) methyl ether acrylate (PEGA) and n-butyl acrylate (BA), anionic ones, 

including a block copolymer and random copolymers, based on acrylic acid (AA), BA and 

PEGA, and cationic ones based on 2-(dimethylamino)ethyl methacrylate (DMAEMA), BA and 

PEGA. Six adsorption isotherm models (Langmuir, Freundlich, Tempkin, Redlich-Peterson, Sips 

and Brunauer–Emmett–Teller) were adjusted to the experimental isotherms. The non-ionic 

macroRAFT agent formed a monolayer on the clay surface with a maximum adsorption capacity 

of 400 mg g-1 at pH 8, as determined from the Sips adsorption model. Adsorption of the AA-

based macroRAFT agents onto MMT was moderate at alkaline pH due to electrostatic 

repulsions, but increased with decreasing pH. The DMAEMA-based macroRAFT agents 

displayed a much stronger interaction with the oppositely charged MMT surface at acidic pH due 

to electrostatic interactions and the concentration of adsorbed macroRAFT agent reached values 

as high as 800 mg g-1. The BET model fitted the experimental data relatively well indicating 

multilayer adsorption promoted by the presence of the hydrophobic BA units. In addition, the 

cationic macroRAFT agents afforded stable MMT/macroRAFT agent complexes as evaluated by 

dynamic light scattering  and zeta potential analyses. 
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1. INTRODUCTION  

 

The adsorption of polymers from solutions on solid surfaces is involved in numerous important 

technological applications such as the dispersion of particles in water, flocculation processes, 

structuring of surfaces, control of surface wettability or the introduction of surface 

functionalities.1 Among the numerous applications, the functionalization of inorganic 

nanoparticles by polymers for their efficient incorporation into polymer matrixes to prepare 

nanocomposite materials with superior mechanical, optical, electronic and thermal properties has 

received increasing attention.2 This task is particularly critical for in situ preparation of 

waterborne organic/inorganic hybrid latexes by emulsion polymerization, which generally relies 

on the polymerization of hydrophobic monomers in the presence of pre-formed inorganic 

nanoparticles, as colloidal stability must be maintained throughout the process.3,4 In this 

particular case, interaction of the growing polymer chains with the inorganic nanoparticles is 

usually promoted by the use of molecular coupling agents, initiator molecules or functional 

(macro)monomers capable of interacting with the inorganic surface. However, these approaches 

require the use of surfactant to stabilize the final latex particles, and it is generally admitted that 

the presence of free surfactant in the latex may adversely affect film formation and the properties 

of the final material. 

A few years ago, an innovative approach involving emulsion polymerization and the reversible 

addition-fragmentation chain transfer (RAFT) technique was developed by Nguyen et al. for the 

polymer encapsulation of pigment particles in the absence of molecular surfactant.5 This 

strategy, coined macroRAFT-assisted encapsulating emulsion polymerization (REEP), relies on 

the use of water-soluble amphipathic RAFT copolymers (hereafter referred to as macroRAFT 
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agents) that are capable of physically adsorbing on the surface of the inorganic nanoparticles, 

and stabilize them in aqueous medium. The adsorbed macroRAFT agent is then chain extended 

during the emulsion polymerization of hydrophobic monomers giving rise to the formation of a 

polymer layer around the nanoparticles as the chains grow from their surface. Since then, the 

method has been successfully extended to the encapsulation of various inorganic particles 

including gibbsite platelets,6 cerium oxide,7 colloidal silica,8 iron oxide,9,10 carbon nanotubes,11 

graphene oxide sheets,12 gold nanoparticles13 and layered double hydroxides (LDHs).14 The 

adsorption of the macroRAFT agents on the nanoparticle surface was shown to be a key step for 

successful encapsulation as other morphologies than core-shell may result depending on the 

mechanism of adsorption.15,16 

Among the nanoparticles that can be used for the preparation of hybrid latexes, clay minerals are 

particularly interesting as they are abundant, commercially available, inexpensive and 

environmentally friendly. The encapsulation of Montmorillonite (MMT) clay by REEP using 

cationic RAFT random copolymers has also been claimed.17 However, only a few details about 

the process were revealed and little attention was paid to macroRAFT agent adsorption although 

this is crucial for designing colloidally stable hybrid particles with controlled morphologies. Due 

to the characteristic charge heterogeneity of clay minerals, they can selectively interact with 

anionic, cationic as well as non-ionic organic species yielding hybrid materials with remarkable 

properties.18,19,20,21 These hybrid materials can find applications not only in the preparation of 

nanocomposites, but also in agriculture, in the removal of contaminants from water and in the 

biomedical field.22 
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Aiming to assess the influence of the adsorption of macroRAFT agents on the encapsulation of 

MMT platelets by REEP, a series of amphipathic macroRAFT agents with different 

compositions and architectures were first synthesized using the RAFT technique. These include a 

non-ionic random copolymer based on poly(ethylene glycol) methyl ether acrylate (PEGA) and 

n-butyl acrylate (BA), anionic macroRAFT agents containing acrylic acid (AA), PEGA and BA 

units and cationic copolymers comprising 2-(dimethylamino)ethyl methacrylate (DMAEMA) 

(with ionizable or quaternized tertiary amine groups), PEGA and BA units. Their interaction 

with Montmorillonite clay Cloisite® Na+ (MMT) in aqueous medium was next evaluated by 

means of equilibrium adsorption isotherms and the experimental data were fitted to various 

models in order to obtain the characteristic adsorption parameters and provide insights into the 

adsorption mechanism. Additionally, the effect of the adsorption of DMAEMA-based 

macroRAFT agents on the dispersion properties and colloidal stability of the clay platelets was 

also briefly assessed. 

 

2. EXPERIMENTAL SECTION 

 

2.1. Materials 

 

Water was deionized before use (Polaris Ultraviolet, Reverse Osmosis, Sppencer Scientific). The 

organic solvents: tetrahydrofuran (THF, 100%, Synth), 1,4-dioxane (99%, Vetec) and n-hexane 

(100%, Synth) were used as received. The monomers: poly(ethylene glycol) methyl ether 

acrylate (PEGA, Mn = 480 g mol-1, Aldrich) and 2-(dimethylamino)ethyl methacrylate 

(DMAEMA, 98%, Aldrich) were used without further purification, whereas acrylic acid (AA, 

99%, BASF) and n-butyl acrylate (BA, 99%, BASF), kindly donated by BASF, were distilled 
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under reduced pressure. The initiator: 4,4′-azobis(4-cyanovaleric acid) (ACPA, 98%, Aldrich) 

was used as received. The RAFT agent: 4-cyano-4-thiothiopropylsulfanyl pentanoic acid 

(CTPPA) was obtained by reaction of ACPA with bis(propylsulfanylthiocarbonyl) disulfide 

according to the literature.23 1,3,5-Trioxane (99%, Aldrich) was employed as internal standard 

for determination of monomer conversion by proton nuclear magnetic resonance analysis (1H 

NMR) during the synthesis of macroRAFT agents. Deuterated chloroform (CDCl3) (99.96%, 

containing 0.03 % v/v TMS, Aldrich), deuterated water (D2O, 99.9 %, Aldrich) and deuterated 

dimethyl sulfoxide (DMSO-d6, 99.96 %, Aldrich) were used as solvents for 1H NMR 

spectroscopy. Methyl iodide (CH3I, 99 %, Sigma-Aldrich) was used to quaternize the amino 

groups of DMAEMA-based macroRAFT agents. Tetrahydrofuran (THF, 99.9%, HPLC grade, 

Aldrich) was filtered and degassed in an ultrasound bath prior to being used as solvent in size 

exclusion chromatography (SEC). Triethylamine (TEA, 99%, Vetec) was used as additive in 

THF for SEC analysis of DMAEMA-based macroRAFT agents. The carboxyl groups of AA-

based macroRAFT agents were methylated with trimethylsilyl diazomethane (2M solution in 

diethyl ether, Aldrich) before SEC analysis. MMT (BYK Additives & Instruments) was 

dispersed in water under magnetic stirring followed by sonication in an ultrasound bath for 1 h 

and centrifuged at a centrifugal acceleration of 500 g for 1 h (Allegra® 64R centrifuge, Beckman 

Coulter®) to eliminate large aggregates, resulting in a 1.0 wt% solid content clear aqueous 

dispersion. 

 

2.2. Methods 

 

2.2.1. Synthesis of MacroRAFT Agents 

 



 6 

The macroRAFT agents synthesized in this work can be categorized in three groups: anionic, 

non-ionic and cationic copolymers. Anionic macroRAFT agents (random and block copolymers) 

were designed to contain AA, BA and PEGA units. They were abbreviated according to their 

repeating units with the subscripts representing the theoretical multiplicity of each monomer [e.g. 

P(AAi-co-PEGAj-co-BAk)-CTPPA or PAAi-b-P(PEGAj-co-BAk)-CTPPA]. A non-ionic 

macroRAFT agent containing only PEGA and BA was also synthesized [P(PEGAm-co-BAn)-

CTPPA]. Finally, cationic macroRAFT agents containing DMAEMA and BA, with or without 

PEGA units, were prepared [P(DMAEMAo-co-BAp)-CTPPA or P(DEMAEMAr-co-PEGAs-co-

BAt)-CTPPA]. The experimental conditions used in the synthesis of the macroRAFT agents are 

displayed in Table 1 (see Supporting Information for the detailed experimental procedure). 

 

2.2.2. Equilibrium Adsorption Isotherms of MacroRAFT Agents onto MMT 

 

Firstly, the pH values of the stock MMT dispersion (10 g L-1), stock macroRAFT agent solutions 

(40 g L-1) and deionized water were adjusted to 5 or 8 with NaOH or HCl solutions (0.5 mmol L-

1). Then, samples of MMT dispersion with macroRAFT agent were prepared by transferring 2.5 

mL of the stock MMT dispersion to 20 mL glass vials and subsequently adding different 

amounts of stock macroRAFT agent solution to the clay dispersion in each vial so that the 

macroRAFT concentration in the set of samples would range from ca. 0.8 to 20 g L-1. Finally, 

calculated amounts of water were added to the vials so that the final MMT concentration in each 

vial reached 5 g L-1. The resulting dispersions were magnetically stirred at 500 rpm for 24 h at 

room temperature to reach equilibrium. Then, the samples were centrifuged at 26000 rpm for 1 h 

(Allegra® 64R centrifuge, Beckman Coulter®) to completely separate the solid phase composed 

of macroRAFT agent-adsorbed MMT.  
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Table 1. Experimental Conditions Used in the Synthesis of the MacroRAFT Agents in 1,4-Dioxane Solution at 80 °C.a 

MacroRAFT 
agent Targeted composition 

CTPPA 
(mol L-1) 

ACPA 
(mol L-1) 

AA 
(mol L-1) 

PEGA 
(mol L-1) 

BA 
(mol L-1) 

DMAEMA 
(mol L-1) 

MR1 P(PEGA7-co-BA4)-CTPPA 0.063 0.006 - 0.439 0.253 - 
MR2 P(AA5-co-PEGA5-co-BA5)-CTPPA 0.072 0.007 0.364 0.361 0.361 - 
MR3 P(AA10-co-PEGA10-co-BA10)-CTPPA 0.036 0.004 0.385 0.364 0.363 - 
MR4 PAA45-b-P(PEGA7-co-BA4)-CTPPA  0.069b 0.007 - 0.515 0.298 - 
MR5 P(DMAEMA10-co-BA5)-CTPPA 0.114 0.011 - - 0.572 1.128 
MR6 P(DMAEMA20-co-BA20)-CTPPA 0.043 0.004 - - 0.862 0.861 
MR7 P(DMAEMA30-co-BA30)-CTPPA 0.030 0.003 - - 0.889 0.891 
MR8 P(DMAEMA20-co-PEGA10-co-BA25)-CTPPA 0.023 0.002 - 0.225 0.567 0.451 

a Volume of 1,4-dioxane = 60 mL. b Molar concentration of PAA-CTPPA. 
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The samples containing DMAEMA-based macroRAFT agents were prepared with a different 

order of addition of the components even though the concentrations of the macroRAFT agent 

solution and MMT dispersion were the same as before. Firstly, the macroRAFT agent solution 

was added to the vials, which was followed by the addition of the MMT dispersion. Upon 

stirring, the samples were sonicated using a 750 W Vibra Cell™ (SONICS) sonicator with a 5 

mm tapered micro-tip, at 30% amplitude for 2.5 min for homogenization of the final dispersion 

and only then, the solid phase was separated by centrifugation as already described. The 

concentration of macroRAFT agent that remained in the supernatant (equilibrium concentration 

of adsorbate in liquid phase), Ce (g L-1), was experimentally determined by UV-visible 

spectroscopy (Genesys™ 10UV spectrophotometer, Thermo Scientific) using a linear calibration 

curve of absorbance as a function of macroRAFT agent concentration after appropriate dilution 

in deionized water where required to maintain absorbances below 1.0. The measurements were 

performed using quartz cuvettes with 10 mm optical path at a wavelength of 310 nm, which 

corresponds to the maximum absorbance of the macroRAFT agent solution in the UV-visible 

wavelength range.24 The amount of macroRAFT agent adsorbed on MMT (equilibrium 

concentration of adsorbate in solid phase), qe (mg g-1), was evaluated by means of the difference 

between the initial macroRAFT agent concentration, C0 (g L-1), and the correspondent 

equilibrium concentration in the liquid phase: 

𝑞! mg g!! =  
𝐶! −  𝐶!  𝑉

𝑚  × 10! 1 

 

Where V (L) is the volume of solution and m (g) is the mass of clay. The adsorption isotherms
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were constructed by plotting qe versus Ce. The solid phase recovered from some samples were 

analyzed by X-ray diffraction (XRD) after being dried in a vacuum oven at 35 ºC for 3 days. A 

Philips X’PERT diffractometer with Cu kα radiation (λ = 0.15405 nm) was used and the data 

were collected over a range of 1-15° (2θ) at 0.12 ° min-1. 

 

2.2.3. Modeling of Adsorption Isotherms 

 

The adsorption isotherm models used to fit the experimental equilibrium data are listed in Table 

2. 

 

Table 2. Equilibrium Adsorption Isotherm Models Employed to Fit the Experimental Data. 

Model Equation 

Langmuir 𝑞! = 𝑞!"#,!
𝐾!𝐶!

1+ 𝐾!𝐶!
 2 

Freundlich 𝑞! = 𝐾!𝐶!
!/!! 3 

Temkin 𝑞! =
𝑅𝑇
𝑏!
ln𝐴!𝐶! 4 

Sips 𝑞! = 𝑞!"#,!
𝐾!𝐶!

!/!!

1+ 𝐾!𝐶!
!/!!

 5 

Redlich-Peterson 𝑞! = 𝑞!"#,!"
𝐾!"𝐶!

1+ 𝐾!"𝐶!
! 6 

BET 𝑞! = 𝑞!"#,!
𝐾!!𝐶!

1− 𝐾!!𝐶! [1− 𝐾!!𝐶! + 𝐾!!𝐶!]
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The Langmuir isotherm25 (eq 2) was originally developed for the adsorption of gases onto solid 

surfaces assuming: i) monolayer adsorption, ii) a homogenous adsorbent surface, iii) equal molar 

surface areas of both solute and solvent, and iv) no solute-solute or solute-solvent interactions. 

While the last two assumptions are not reasonable for the adsorption of organic molecules (such 

as surfactants) from liquid solutions, it has been shown that they result in this case in deviations 

from the Langmuir equation that are opposite to each other.1 In eq 2, the constant qmax,L (mg g-1) 

corresponds to the maximum (monolayer) adsorption capacity of the solute on the solid and KL 

(L g-1) is the Langmuir equilibrium constant. The Freundlich isotherm (eq 3) is an empirical 

exponential equation which can be used to describe nonlinear adsorption on heterogeneous 

surfaces.26 The constant KF (mg g-1) is a relative indicator of the adsorption capacity while nF 

(dimensionless) is an indicative of the energy of adsorption (nF > 1). The Tempkin adsorption 

model (eq 4), unlike the Langmuir model, considers the effects of some indirect 

adsorbate/adsorbate interactions. In eq 4, B = RT/bT is related to the heat of adsorption and AT (L 

g-1) to the maximum binding energy. The Sips equation27 (eq 5) is a generalization of both 

Langmuir and Freundlich models. At low adsorbate concentration, the three parameter equation 

approaches Freundlich isotherm; while at high concentrations, it approaches Langmuir isotherm 

and predicts a monolayer adsorption capacity (qmax,S). The Redlich-Peterson isotherm28 (eq 6) 

also features both Langmuir and Freundlich isotherms into an empirical equation. At high 

adsorbate concentration, it approaches the Freundlich equation while for β = 1, the model reduces 

to the Langmuir isotherm (0 < β ≤ 1). Finally, the Brunauer–Emmett–Teller (BET) adsorption 

isotherm is a sound theoretical model that describes multilayer adsorption which was originally 

developed for the adsorption of gases on solid surfaces by applying the Langmuir equation to 

each layer assuming that the heat of adsorption of the first layer is different from that of all 

succeeding layers, which is equal to the heat of condensation of the liquid adsorbate.26 This 
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model predicts that there is no limitation as to the number of layers that can be formed. 

According to Ebadi et al.,29 the correct form of the BET isotherm for liquid phase adsorption is 

given by eq 7, where qmax,B (mg g-1) is the monolayer adsorption capacity, KB1 (L g-1) is the 

adsorption equilibrium constant of the first layer and KB2 (L g-1) is the adsorption equilibrium 

constant of upper layers. The parameters of each model were estimated by nonlinear regression 

(see Supporting Information for the detailed procedure). 

 

2.3. Characterizations 

 

The individual AA, BA, PEGA or DMAEMA conversions (XNMR) during the synthesis of the 

macroRAFT agents, were determined by 1H NMR spectroscopy (Mercury 300 MHz, Varian). 

Aliquots withdrawn from the reaction medium were diluted with DMSO-d6 and analyzed without 

any purification. Monomer conversion was calculated using the integrals of 1,3,5-trioxane 

protons, used as internal reference, and the vinyl protons of the monomers. The molar masses of 

the macroRAFT agents were determined by size exclusion chromatography (SEC) (see 

Supporting Information for detailed experimental procedure). The particle size (hydrodynamic 

average diameter, Zav) was measured by dynamic light scattering (DLS) (Zetasizer NanoZS, 

Malvern Instruments), which also gave the so-called polydispersity index (PDI), an indication of 

the particle size distribution (the greater the value, the broader the distribution). Zeta potential (ζ) 

was calculated by electrophoretic mobility (Zetasizer NanoZS, Malvern Instruments). Samples 

for transmission electron microscopy (TEM) analyses of MMT/macroRAFT agent complexes 

were dropped on Formvar® coated 200 mesh copper grids and dried under air for 24 h. The TEM 

images were recorded using a Philips CM120 transmission electron microscope at an accelerating 

voltage of 100 kV. 
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3. RESULTS AND DISCUSSION 

 

3.1. Synthesis of MacroRAFT Agents 

 

Different types of copolymers capable of interacting with the MMT surface were synthesized in 

this work using the RAFT technique in order to investigate their adsorption mechanism onto 

MMT considering the charge heterogeneity of the MMT platelets dispersed in water. This charge 

heterogeneity is associated with the fact that the MMT faces have a permanent negative charge 

due to isomorphous substitution while positive or negative charges may arise on their edges 

depending on the pH of the medium.30 Hydroxyl groups present at the broken edges of the crystal 

can also contribute to adsorption. Hence, three main types of macroRAFT agent containing either 

a poly(ethylene oxide) side chain, anionic (AA) or cationic (DMAEMA) repeating units have 

been selected for this study. BA units have also been incorporated in the copolymers in order to 

enhance the surface wettability for the monomer mixture in the subsequent REEP process, and 

promote encapsulation as previously reported in the literature.16 The main characteristics of the 

macroRAFT agents synthesized in this work are displayed in Table 3.  

 

Table 3. Main Characteristics of the MacroRAFT Agents Synthesized in this Work 

Following the Experimental Conditions Displayed in Table 1.  

Run XNMR
a 

(%) 
Mn, th

b 
(g mol-1) 

Mn, SEC
c 

(g mol-1) Ɖd Structure of the macroRAFT agents 

MR1 68 2770 3040 1.14 P(PEGA4-co-BA3)-CTPPA 
MR2 87 3100 3120 1.20 P(AA4-co-PEGA4-co-BA4)-CTPPA 
MR3 83 6230 5730 1.20 P(AA9-co-PEGA9-co-BA9)-CTPPA 

MR4 87 7320 6140 1.20 PAA41-b-P(PEGA6-co-BA4)-CTPPA 
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MR5 87 2310  1630e 1.42e P(DMAEMA10-co-BA4)-CTPPA 

MR6 77 4710  3160e 1.41e P(DMAEMA16-co-BA15)-CTPPA 
MR7 77 6950  5330e 1.54e P(DMAEMA26-co-BA20)-CTPPA 

MR8 76 8710  8920e 1.24e P(DMAEMA17-co-PEGA7-co-BA19)-CTPPA 
a Overall monomer conversion determined by H1 NMR. b Theoretical number-average molar mass calculated taking 
into account XNMR. c Experimental molar mass determined by SEC in THF using PMMA calibration, unless 
otherwise indicated. d Dispersity determined by SEC in THF using PMMA calibration, unless otherwise indicated. e 

Determined by SEC in THF with TEA (0.02 mol L-1) using PMMA calibration.  
 

All macroRAFTs were synthesized by RAFT polymerization in 1,4 dioxane using CTPPA as 

RAFT agent. The evolutions of molar mass, Mn, and of molar mass distributions, Ɖ, with 

conversion are shown in the Supporting Information (Figures S1-S6). As seen in Figure S1, the 

molar mass of P(PEGA4-co-BA3)-CTPPA measured by SEC using THF increased linearly with 

conversion while the molar mass distribution remained low (Ɖ < 1.20) demonstrating the good 

control of the copolymerization. The Mn, SEC values were slightly different from the theoretically 

estimated ones which may due to the fact that the PMMA standards used for the calibration of the 

SEC system are chemically and structurally different from the macroRAFT agent.31  

The synthesis of P(AA4-co-PEGA4-co-BA4)-CTPPA and P(AA9-co-PEGA9-co-BA9)-CTPPA 

(MR2 an MR3, Table 3) also displayed features of a controlled polymerization (Figure S2). The 

relatively higher Ɖ values measured for MR2 and MR3 at the beginning of the synthesis may be 

attributed to the presence of unreacted PEGA in the samples analyzed as the Ɖ values decreased 

during the synthesis and reached relatively lower values at the end. PAA41-b-P(PEGA6-co-BA4)-

CTPPA was synthesized in two steps. Firstly, well-defined PAA41-CTPPA (Mn, SEC = 3900 g 

mol-1, Ɖ < 1.2) was synthesized (Figure S3A) and the resulting homopolymer was chain-

extended with BA and PEGA. The shift of the SEC traces toward higher Mn values demonstrates 

the successful formation of PAA41-b-P(PEGA6-co-BA4)-CTPPA diblock copolymer (Figure 

S3B). A series of macroRAFT agents composed of DMAEMA and BA units was also 
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synthesized (MR5 to MR8 in Table 3). The characterization of these copolymers by SEC 

performed using pure THF as solvent and PMMA calibration revealed a linear relationship 

between Mn, SEC and conversion which indicates that the polymerizations were well controlled 

(Figures S4, S5A and S6). With the exception of MR7, the dispersity of all the DMAEMA-based 

macroRAFT agents remained low during the synthesis and reached values typical of well-defined 

polymers at the end of the reaction (Ɖ < 1.4). The experimental Mn values were lower than the 

theoretically estimated ones. A similar result was reported in the literature for RAFT 

polymerization of DMAEMA using 2-cyanoprop-2-yl dithiobenzoate as RAFT agent, and was 

attributed to analytical issues.32 Indeed, PDMAEMA can interact with the column packing 

material leading to incomplete elution. To mitigate such interactions, a small amount of TEA 

(0.02 mol L-1) was introduced in the eluent before SEC analyses. As it had been observed when 

SEC was performed using pure THF, the experimental Mn values increased linearly with 

conversion (Figures S5B and S6). In addition, the Mn, SEC values were closer to the theoretical line 

indicating that TEA hindered the interaction between the macroRAFT agents and the column 

packing material. Table 3 summarizes the Mn, SEC and Ɖ values of DEMAEMA-based copolymers 

(see Figures S4-S6 for the other values measured using pure THF). 

 

3.2. Adsorption Isotherms of Non-ionic and Anionic MacroRAFT Agents onto MMT 

 

Clay minerals exhibit different charging mechanisms in aqueous solution. Their basal planes 

carry a permanent negative charge due to isomorphous substitutions of the central Si- and Al- 

atoms in the crystal lattice by lower positive valence ions whereas the edges exhibit an 

amphoteric behavior. Due to the charge deficiency on the basal planes, a negative potential is 

created at the clay surface, which is compensated by the adsorption of exchangeable cations (e.g. 
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Na+, Li+, Ca2+).33 MMT clays intercalated with monovalent cations swell in water yielding high 

interlayer separations and delamination of the particles into individual silicate layers or thin 

assemblies constituted of a few stacked layers. The edges of MMT platelets have silanol and 

aluminol groups, which can protonate or deprotonate depending on the pH of the dispersion. 

Tombácz and Szekeres30 determined the point of zero charge of MMT edges (pHPZC, edge) to be 

6.5 by acid-base titration. Below the pHPZC,edge, the edges acquire a net positive charge because 

positively charged aluminol groups exceed the negatively charged silanol groups. Above the 

pHPZC,edge, silanol and aluminol groups are negatively charged and the edge surface acquires a net 

negative charge. Recently, Pecini and Avena,34 using electrophoretic mobility measurements, 

reported that the pHPZC, edge of MMT lies between 3.8 and 5.5. In the present study, adsorption of 

the non-ionic macroRAFT agent was carried out at pH 8 while adsorption of the AA-containing 

macroRAFT agents was conducted at two different pHs: pH 8 where both the edges and faces are 

negatively charged; and pH 5, where the edges of the MMT platelets may be positive.35 The 

experimental adsorption isotherms of the non-ionic and anionic macroRAFT agents onto MMT 

are displayed in Figure 1. 

Among the adsorption models listed in Table 2, Sips and Redlich-Peterson were the ones that 

gave the highest coefficients of determination (R2). Sips fittings are displayed in Figure 1 (solid 

lines) together with the experimental curves (symbols). As this model combines Langmuir and 

Freundlich models, each isotherm could be also reasonably fitted by one of these two-parameters 

models. The values of the constants of Langmuir, Freundlich and Sips models estimated by 

nonlinear regression are displayed in Table S1 in the Supporting Information (see Table S2 for 

the constants estimated for the other models). 
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Figure 1. Experimental equilibrium adsorption isotherms of anionic and non-ionic macroRAFT 

agents onto MMT at pH 8 and pH 5 (MMT = 5.0 g L-1) at ambient temperature. MR3 - P(AA9-

co-PEGA9-co-BA9)-CTPPA (□, pH 5 and ■, pH 8), MR2 - P(AA4-co-PEGA4-co-BA4)-CTPPA 

(△ , pH 5 and ▲, pH 8), MR1 - P(PEGA4-co-BA3)-CTPPA (▼, pH 8) and MR4 - PAA41-b-

P(PEGA6-co-BA4)-CTPPA (►, pH 8) (see Table 3 for details). The lines are the best fits to Sips 

model. 

 

The adsorption isotherm of P(PEGA4-co-BA3)-CTPPA (MR1) onto MMT (Figure 1) is of the H-

type (high affinity) according to Giles classification.36 The very steep initial slope of the curve 

reveals a strong interaction between this non-ionic macroRAFT agent and MMT. As the 

macroRAFT concentration increased, the adsorption isotherm of MR1 abruptly reached a clear 

marked plateau, which corresponds to a maximum adsorption capacity (qmax) of c.a. 400 mg g-1 

(i.e., 144 µmol g-1). This value is in agreement with the maximum adsorption capacity obtained 

by Sips fitting (qmax,S = 400 mg g-1), demonstrating the good fit of this model to this particular 
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isotherm (R2 = 0.979) (Table S1). Notice should be made that the value practically equal to 1 

found for the exponential parameter of the Sips model (ns = 1.008) (Table S1) demonstrates that 

the MR1 isotherm follows the Langmuir model, which is also adequate to fit H-type curves,37 

suggesting monolayer adsorption for this macroRAFT agent. The plateau of the isotherm 

indicates that the MMT surface becomes saturated with P(PEGA4-co-BA3)-CTPPA which must 

adopt a conformation on the clay surface such that the polymer in solution has little affinity for 

the macroRAFT-modified surface, preventing further adsorption of macroRAFT agent on the 

preformed layer. 

Theoretically, it is expected that comb-like homopolymers adopt a flatter conformation than their 

linear equivalents upon adsorption on a solid surface, which results in a thinner adsorbed layer 

and in a larger occupied area per chain (or in a lower adsorbed mass) due to spreading of the 

chains on the surface, although a few experimental works have reported a higher adsorbed mass 

for comb-like copolymers in comparison to linear ones.38 To the best of our knowledge, there is 

no work in the literature reporting the adsorption behavior of non-ionic comb-like (co)polymers 

with PEO side chains onto MMT. On the other hand, several authors have studied the adsorption 

of low molar mass PEO homopolymers on MMT. The values of adsorption capacity reported for 

these polymers differ from each other.39,40,41,42 In general, most qmax values found for PEO with 

molar masses up to 5000 g mol-1 are not greater than 225 mg g-1 (56 µmol g-1), which is lower 

than the qmax value of 400 mg g-1 (144 µmol g-1) found for P(PEGA4-co-BA3)-CTPPA. The 

higher adsorbed amount of P(PEGA4-co-BA3)-CTPPA is thus likely due to the presence of the 

hydrophobic BA units. In addition to providing an additional driving force for the adsorption 

process through hydrophobic interactions, the BA units may also maintain the polymer chains in 

a more coiled conformation preventing the PEO side chains from spreading on the clay surface, 

which would contribute to increase adsorption. 



18 

 As opposed to the adsorption isotherm of P(PEGA4-co-BA3)-CTPPA, the adsorption isotherms 

of the AA-based macroRAFT agents obtained at pH 8 (MR2, MR3 and MR4) and pH 5 (MR2 

and MR3) are of the L-type (the adsorbed amount progressively increased with the equilibrium 

concentration of macroRAFT agent in the liquid phase) (Figure 1), indicating that these anionic 

macroRAFT agents display lower affinity for the MMT surface. Considering that the pKa of 

poly(acrylic acid) is 4.5,43 these macroRAFT agents possibly have negatively charged AA units 

at pH 5 and at pH 8 which must have hindered their adsorption on the surface of the MMT 

platelets due to electrostatic repulsions. These curves do not have strict plateaus as the one 

corresponding to the non-ionic macroRAFT agent, which may be attributed to deviations from 

the Langmuir model; for instance, electrostatic repulsion between the negatively charged 

macroRAFT copolymers and the MMT surface. Notice should be made that the qmax,S values 

given by SIPS fitting for the adsorption isotherms of P(AA9-co-PEGA9-co-BA9)-CTPPA (MR3) 

and  PAA41-b-P(PEGA6-co-BA4)-CTPPA (MR4) at pH 8 seems to be inaccurate (Table S1), 

although this model could describe relatively well the adsorption data in the range of 

concentrations studied. Particularly, these two isotherms could also be reasonably well fitted by 

the Freundlich model that does not allow for a limit in adsorption capacity, indicating cooperative 

adsorption. 

At pH 5, the isotherms of MR2 and MR3 displayed higher initial slopes and higher adsorption 

plateaus than at pH 8, which is likely due to the lower ionization degree of the macroRAFT 

agents in acidic condition. In addition, electrostatic interaction between the ionized AA units and 

the MMT edges (which may be positively charged at pH 5), cannot be also completely ruled out, 

which would increase the affinity of these macroRAFT agents for the MMT surface and favor 

their adsorption.  
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PAA41-b-P(PEGA6-co-BA4)-CTPPA (MR4) was designed so the P(PEGA-co-BA) block would 

adsorb on the clay surface while the PAA block would remain dangling in solution (anchor-buoy 

conformation) as the latter is not expected to adsorb on the negative surface of MMT platelets 

dispersed in alkaline medium.44 The adsorption isotherm of this macroRAFT agent determined at 

pH 8 displayed a contrasting shape (Figure 1). The adsorbed amount continuously increased in 

the range of concentrations studied and clearly did not reach a plateau. This can be tentatively 

attributed to interaction between the PAA block that is extended in solution in a tail-like 

conformation and the PEGA units of new incoming macroRAFT agent. 

The adsorption of anionic polyelectrolytes on clay minerals is usually very low. The qmax value 

reported for the adsorption of PAA with 50000 g mol-1 on sodium MMT at pH 5.6 was 6.75 mg 

g-1 (0.135 µmol g-1),45 while Zaman et al.46 found a maximum adsorption capacity of 1.73 mg g-1 

(i.e., 0.51 µmol g-1) on kaolinite at pH 7 for PAA with Mn = 3400 g mol-1. Ait-Akbour et al.,41 

studied the adsorption of polycarboxylates containing PEO side chains (PCPs) (Mn = 27000 – 

51000 mol g-1) onto MMT at pH 12, and found qmax values lower than typically 3.5 µmol g-1. 

Adsorption was attributed in this last case to interaction of the PEO side chains with the inorganic 

surface in spite of the electrostatic repulsion. In the present study, the adsorption of all AA-based 

macroRAFT agents at pH 8 exceeded 50 µmol g-1. We presume that the presence of hydrophobic 

BA units in their structure may have favored their adsorption due to additional hydrophobic 

interaction beyond the interaction between the PEO segments and the clay surface. The presence 

of BA units can also influence the conformation of the terpolymers resulting in more coiled 

chains, which would increase adsorption. At last, grouping of the AA units into a block also 

favored adsorption, which was tentatively attributed to the presence of dangling PAA chains 

stretching out in solution allowing the subsequent adsorption of new incoming macroRAFT 
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agent. It is important to emphasize that all complexes showed excellent colloidal stability and that 

no deposit could be detected for at least 5 days. 

 

3.3. Adsorption Isotherms of Cationic MacroRAFT Agents onto MMT 

 

Two types of cationic macroRAFT agents were prepared to interact with MMT: weak 

polyelectrolytes based on DMAEMA, which are positively charged when the amino groups are 

protonated (at pH 5, more than 95% of amino groups are supposed to be protonated),47 and strong 

polyelectrolytes possessing quaternized DMAEMA units (qDMAEMA), which display 

permanent positive charges (independent of pH). Actually, very few studies have examined the 

interaction of DMAEMA-based (co)polymers with clay minerals.48,49 In the present work, 

cationic macroRAFT agents were designed not only to strongly interact with the clay surface, but 

also to afford stable dispersions constituted of MMT/macroRAFT agent complexes, which is 

crucial to obtain composite particles with controlled morphology by the REEP method. 

The adsorption isotherms of DMAEMA-based macroRAFT agents onto MMT at pH 5 are 

displayed in Figure 2. They clearly correspond to the H-type, as it is generally observed for the 

adsorption of polycations onto clay minerals through electrostatic interactions,50 demonstrating 

the high affinity of the DMAEMA-based macroRAFT agents for the MMT surface. The 

isotherms do not display well-defined plateaus as the adsorbed amount of macroRAFT agent 

progressively increased in the range of concentrations studied, surpassing the stoichiometric 

amount necessary to exchange all the Na+ cations on the clay surface, that is, 100% of the 

cationic exchange capacity of MMT (CEC = 92 meq/100gMMT) (see Figure S7 in Supporting 

Information). A similar behavior was recently reported in the literature for the adsorption of 

anionic RAFT copolymers onto LDH platelets.14 Isotherms with similar shapes have also been 
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reported for the adsorption of cationic polymers on MMT such as 

poly(diallyldimethylammonium chloride),51 poly(acrylamide-co-diallyldimethyl ammonium 

chloride),52 cationic starch or quaternized poly(4-vinylpyridine-co-styrene).53 The high amounts 

of adsorbed polycations on MMT was attributed to the conformation of the polymer chains at the 

solid surface: at low concentrations, the polymer adsorbs as trains while at high polymer 

concentrations, the adsorbed chains form loops and tails besides trains, enabling higher polymer 

loadings.52, 54  

 

Figure 2. Experimental equilibrium adsorption isotherms of cationic macroRAFT agents onto 

MMT at pH 5 (MMT = 5.0 g L-1) at ambient temperature. qMR5 – P(qDMAEMA10-co-BA4)-

CTPPA (◇), qMR6 – P(qDMAEMA16-co-BA15)-CTPPA (○), MR8 – P(DMAEMA17-co-

PEGA7-co-BA19)-CTPPA (ê), MR6 – P(DMAEMA16-co-BA15)-CTPPA (●), MR7 – 

P(DMAEMA26-co-BA20)-CTPPA (�), MR5 – P(DMAEMA10-co-BA4)-CTPPA (◆). The lines 

are the best fits to BET model.  

 



22 

The models listed in Table 2 were fitted to the experimental adsorption data and the BET model, 

which describes multilayer adsorption, was the one that gave the best fit among the models tested 

(see Tables S3 and S4 in Supporting Information for the calculated coefficients of determination). 

Unlike the polycations reported in the literature, the DMAEMA-based macroRAFT agents 

synthesized in the present work have a relatively high percentage of hydrophobic units that can 

enable interchain contact in the adsorbed layer and may eventually lead to multilayer formation.47 

Thus, the continuous increase in the concentration of adsorbed macroRAFT agent may also be 

due to the formation of multilayers in addition to the conformation of the adsorbed chains 

mentioned above. The constants calculated by nonlinear regression for the BET model are 

displayed in Table S3 in Supporting Information (see Table S4 for the constants calculated for the 

other models). The higher values of KB1 compared to the values of KB2 suggest that the 

interaction between the macroRAFT agents and the MMT surface is stronger than possible 

interactions among macroRAFT agents in the upper layers.  

The adsorbed mass of the quaternized macroRAFT agents P(qDMAEMA10-co-BA4)-CTPPA 

(qMR5) and P(qDMAEMA16-co-BA15)-CTPPA (qMR6) were higher than that of the non-

quaternized ones (MR5 to MR8). Due to the strong interaction of qMR5 and qMR6 with MMT, 

the adsorbed chains of these macroRAFT agents may have adopted a flat conformation on the 

solid surface, which should lead to a lower adsorbed amount. However, such a flat conformation 

may have favored the approaching of macroRAFT agent from solution, leading to the formation 

of subsequent layers as mentioned earlier. On the other hand, the non-quaternized macroRAFT 

agents may have adopted a more extended conformation on the clay surface (loops and tails) 

which favors adsorption but have hindered the formation of multilayers due to electrostatic 

repulsion between the segments of the adsorbed chains that remained extended into solution and 

the macroRAFT agent in solution. Zeta potential measurements indeed showed that the amount 
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of quaternized macroRAFT agents needed to neutralize the MMT surface charge and impart a 

positive charge to the complexes was higher than the amount of their corresponding non-

quaternized equivalents (MR5 and MR6) (see Figure S8 in Supporting Information). This 

hypothesis is also in line with the fact that the amount of P(DMAEMA26-co-BA20)-CTPPA 

(MR7) and P(DMAEMA17-co-PEGA7-co-BA19)-CTPPA (MR8) needed to reverse the charge of 

the complexes was clearly lower than 100% of the CEC, which is attributed to the screening of 

the clay surface charges by a relatively high amount of segments extending into the solution 

(loops and tails).52, 54 

Among the non-quaternized macroRAFT agents, P(DMAEMA17-co-PEGA7-co-BA19)-CTPPA 

(MR8) was the one that displayed the highest adsorbed mass. However, its adsorbed amount 

expressed in % of CEC of MMT was the lowest (see Figure S7 in Supporting Information). MR9 

has nearly the same number of DMAEMA and BA units as P(DMAEMA16-co-BA15)-CTPPA 

(MR6) with additional pendant PEO chains, which are likely to partially adsorb on the clay 

surface. Therefore, MR8 may have adopted a flatter conformation on the MMT surface due to 

spreading of part of the PEO chains, resulting in a larger occupied area per chain, while the non-

adsorbed PEO chains may have prevented further adsorption due to steric repulsion. The 

adsorbed mass of P(DMAEMA10-co-BA4)-CTPPA (MR5), MR6 and P(DMAEMA26-co-BA20)-

CTPPA (MR7), which all contain only DMAEMA and BA units, but have different compositions 

and molar masses, were similar. Among these non-quaternized macroRAFT agents, MR5 has the 

highest cationicity and the lowest molar mass. Based on these two characteristics, it was expected 

to adopt a flatter conformation on the clay surface and adsorb less than the others, which could 

form more loops and tails, accommodating more chains on the solid surface.55 Thus, its higher 

adsorbed mass can likely be attributed to the fact that the adsorbed chains of macroRAFT agent 
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have adopted a less extended conformation with fewer loops or tails, promoting the subsequent 

adsorption of more macroRAFT agent layers by hydrophobic interactions as discussed above.  

 In order to get more insights into the conformation of the DMAEMA-based macroRAFT 

agents on the MMT surface, the MMT/P(DMAEMA26-co-BA20)-CTPPA complexes were 

characterized by XRD (Figure 3). Pristine MMT exhibits a strong reflexion at 2Θ = 7.31° 

corresponding to a basal spacing (d001) of 1.24 nm. As the amount of adsorbed macroRAFT agent 

increased, the interlayer spacing increased to 2.07 nm whose value is of the same order of 

magnitude as the d001 values obtained for PDADMAC/MMT56 and chitosan/MMT57 

nanocomposites. Such high interlayer distance suggests bilayer adsorption. It is important to 

highlight that part of the macroRAFT agent can also adsorb on the external surface of MMT as 

trains, loops and tails. Such polymer chains do not affect the interlayer space of MMT and are 

therefore not detected by XRD analysis.  

 

Figure 3. XRD patterns of MMT/P(DMAEMA26-co-BA20)-CTPPA complexes for increasing 

amounts of adsorbed macroRAFT agent expressed as percentage of the cation exchange capacity 

(CEC) of MMT (MMT = 5.0 g L-1). 
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In order to be used in applications where a high colloidal stability is needed, such as the synthesis 

of colloidal nanocomposites, the MMT/macroRAFT agent complexes must be stable. It is known 

that the stability of colloidal inorganic particles in the presence of oppositely charged 

polyelectrolytes strongly depends on the concentration of the polyelectrolyte.58 The dispersion is 

stable at low polyelectrolyte concentration but as the polyelectrolyte concentration increases, the 

stability decreases, until the system becomes completely unstable (near the charge neutralization 

point). When the polyelectrolyte concentration is further increased, charge reversal occurs and 

the dispersion is stabilized again. In this work,  we investigated the effect of the addition of 

DMAEMA-based macroRAFT agents on the aggregation of MMT nanoparticles. The zeta 

potential of the complexes and their average hydrodynamic diameter as a function of the 

adsorbed amount of macroRAFT agent are displayed in Figures 4A and 4B respectively (the 

scale of the vertical axis in Figure 4B was interrupted at 750 nm so it could be read more 

precisely; for the graph with an enlarged scale, see Figure S8A in Supporting Information). It is 

worth mentioning here that although DLS assumes spherical particles, and may not be therefore 

fully appropriate for lamellar particles, the particle sizes determined by this technique can 

nevertheless give an estimation of the effective hydrodynamic diameter of an equivalent sphere,59 

and allow for a useful comparison between all the samples.  
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Figure 4. (A) Zeta potential (ζ) and (B) particle size (Zav) of MMT/macroRAFT agent complexes 

as a function of the adsorbed amount of cationic macroRAFT agent expressed in % of CEC of 

MMT (MMT = 5.0 g L-1). The lines are guides for the eyes. MR8 – P(DMAEMA17-co-PEGA7-

co-BA19)-CTPPA (ê), MR7 – P(DMAEMA26-co-BA20)-CTPPA (�), MR6 – P(DMAEMA16-co-

BA15)-CTPPA (●), qMR6 – P(qDMAEMA16-co-BA15)-CTPPA (○), MR5 – P(DMAEMA10-co-

BA4)-CTPPA (◆), qMR5 – P(qDMAEMA10-co-BA4)-CTPPA (◇). 

 

For low concentrations of macroRAFT agent, corresponding to adsorbed amounts lower than 

50% of CEC, even though the negative charge of MMT particles was only partially neutralized 

by the macroRAFT agent (Figure 4A), the dispersion instantly underwent severe aggregation 

resulting in an increase of particle size (Figure 4B) and in broader particle size distributions as 

indicated by the polydispersity indexes higher than 0.3 (see Figure S8B in Supporting 

Information for the PDI of the complexes as a function of the adsorbed amount of macroRAFT 

agent). These particles could not be redispersed indicating poor stability, which was also visually 

noticed due the presence of macroscopic aggregates and sedimentation. For higher concentrations 

of macroRAFT agents resulting in adsorbed amounts higher than at least 125% of CEC, the 
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complexes could be redispersed as indicated by Zav and PDI values relatively closer to those 

corresponding to bare MMT particles (Figure 4B and S8B). The complexes prepared with 

P(qDMAEMA10-co-BA4)-CTPPA (qMR5), P(DMAEMA10-co-BA4)-CTPPA (MR5) and 

P(qDMAEMA16-co-BA15)-CTPPA (qMR6) displayed relatively higher Zav and PDI values 

indicating that these copolymers were less effective for dispersing the particles, which is likely 

related to the conformation of the adsorbed chains discussed above. The macroRAFT agent most 

effective to disperse the particles was P(DMAEMA17-co-PEGA7-co-BA19)-CTPPA (MR8) as an 

adsorbed amount corresponding to 125% of CEC was sufficient to yield complexes with sizes 

comparable to the size of bare MMT particles which may be due to additional steric stabilization 

imparted by PEO chains dangling in solution. In order to verify the stability of the complexes, the 

dispersions were analyzed by DLS five days after the first analysis. For each macroRAFT agent, 

the results from both analyses are displayed in Figure S9A-9F in Supporting Information. The 

particle size of the complexes prepared with qMR5, MR5 and qMR6 considerably increased in 

comparison to the particle size of complexes prepared with MR6, MR7 and MR8 indicating loss 

of stability.  

 The MMT/P(DMAEMA17-co-PEGA7-co-BA19)-CTPPA complex prepared with 6.5 g L-1 

of macroRAFT agent, which corresponds to the experiment indicated by a black arrow in 

Erreur ! Source du renvoi introuvable., was analyzed by TEM (Figure 5).. In Figure 5B, it is 

possible to see objects with very low contrast that resemble individual platelets (or stacks of a 

few platelets) lying flat on the TEM grid. The low contrast is attributed to the very small 

thickness of the MMT platelets (around 1 nm). This result confirms the effectiveness of this 

macroRAFT agent in dispersing the particles. 
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Figure 5. (A) TEM images of MMT/P(DMAEMA17-co-PEGA7-co-BA19)-CTPPA  

([MMT] = 5.0 g L-1; [macroRAFT agent] = 6.5 g L-1). (B) Zoom of insert in Figure A. Scale bars: 

1 µm. 

 

4. CONCLUSIONS 

 

MacroRAFT agents with different structures and compositions were successfully synthesized by 

RAFT polymerization in solution. SEC analysis confirmed the controlled character of the 

polymerizations. The interaction of these copolymers with MMT clay was investigated by means 

of experimental adsorption isotherms that were adjusted to six theoretical adsorption models. The 

non-ionic macroRAFT agent: P(PEGA7-co-BA4)-CTPPA, displayed a stronger affinity for the 

clay surface than the anionic ones and formed a monolayer on the MMT surface. In turn, the 

adsorption of AA-based macroRAFT agents was influenced by the copolymer structure and by 

the pH of the dispersion. At pH 8, the adsorbed mass of PAA41-b-P(PEGA6-co-BA4)-CTPPA was 

higher than that of P(AA9-co-PEGA9-co-BA9)-CTPPA indicating that grouping the AA units in a 

block favored adsorption. At pH 5, the adsorption of the AA-containing random copolymers was 

higher than at pH 8 as a result of the lower ionization degree and possibly also to interaction with 

B A 
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the clay edges. The DMAEMA-based macroRAFT agents strongly adsorbed on the MMT surface 

due to electrostatic interaction between the polyelectrolyte and the negatively-charged surface. 

High copolymer loadings were achieved with these macroRAFT agents suggesting multilayer 

adsorption. The incorporation of PEO side chains in the copolymers resulted in a higher adsorbed 

mass although the number of adsorbed chains decreased, which is in line with the adsorption of 

part of the PEO pendant chains on the MMT surface in a more flat conformation. Stable 

complexes could be prepared with the cationic macroRAFT agents, which is a fundamental 

requirement for many applications as the synthesis of hybrid latexes by RAFT-mediated 

emulsion polymerization. In particular, the complexes prepared with P(DMAEMA17-co-PEGA7-

co-BA19)-CTPPA displayed remarkable colloidal stability probably due to the steric stabilization 

imparted by the non-adsorbed PEO chains. 
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