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Abstract

We reported the first synthesis of Poly(n-butyl acrylate) by in situ nitroxide-mediated polymerisation from the surface of mica while
preserving its lamellar structure. To obtain this polymer adsorbed to mica surface, a free radical initiator 2,2 0-azobis(isobutyramidine 
hydrochloride) (AIBA) was attached by ion exchange to the surface of mica, and the resulting was used as a initiator to polymerise butyl
acrylate. The kinetic studies show that the initiator adsorbed to mica surface successfully initiated the radical polymerisation of butyl
acrylate. Adsorbed polymer was indeed obtained, in different amounts depending on reaction time, the XRD patterns of resulting products
indicate that the polymer chains did not intercalate the aluminosilicate layers, as expected.
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1. Introduction

Grafting of polymers to inorganic surfaces is of potential

interest in a wide variety offields such as composite materials

and adhesives, chromatography, protein immobilisation,

colloid stabilisation, medicine, dentistry and cosmetics. A

number of theoretical and experimental studies havedealtwith

polymer chains terminally grafted to inorganic surfaces [1].

While in some cases the macromolecules are surmised to be

attached to the surface via covalent bonds, in other studies the

chains are adsorbed in amore or less reversible way according

to the equilibrium with the bulk.

Among the various silicates (montmorillonite, silica,

talc, mica, etc.), mica is frequently used as a filler in

polymeric materials. For example, mica ‘paper’ confers

excellent electrical properties to polymer composites for

high-voltage insulators [2], mica ‘powders’ are used as

fillers to increase the stiffness of thermoplastic polymers,

especially polypropylene [3], and mica ‘platelets’ show
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promise for permeation barriers in polymer composites [4].

In order to get more information about the roles of these

charges in a polymer matrix, it is very important to

characterise the polymer/filler interactions and establish

the dimensions of the macromolecular chains grafted or

adsorbed on the surface.

Over the last 10 years, important progress has been made

in the control of free radical polymerisation (CRP) and in

the understanding of the mechanisms involved. Three main

methods with their specificities and limitations have been

shown to allow a controlled propagation of the free radicals:

nitroxide-mediated radical polymerisation (NMP) [5,6],

atom transfer radical polymerisation (ATRP) [7–9], and

reversible addition–fragmentation chain transfer (RAFT)

[10,11] can be used to prepare well defined polymeric

samples starting from various monomers.

NMP attracts much interest because it is based on

potentially simpler systems than ATRP or RAFT and does

not require additional of sensitivemetal-based products. Since

the use of 2,2,6,6-tetramethyl-1-piperininyloxy (TEMPO) by

Georges et al. [5] to control the polymerisation of styrene,

many other studies have beenmade to improve NMP by using
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Table 1

Physico-chemical characteristics of the mica used

Chemical analysis (%)

SiO2 49.2%

Al2O3 28.3%

K2O 9.8%

Fe2O3 6.9%

Na2O 0.8%

CaO 1%

H2O 0.2%

Physical properties

Specific gravity (g/cm3) 2.80

pH (in water) 9

Average particle size (mm) 45–150

Specific surface (molecules/nm2) 5.9
various nitroxides. Gnanou et al. [12,13], showed that the

nitroxide N-tert-butyl-N-[1-diethylphosphono-(2,2-dimethyl-

propyl) nitroxide] (DEPN), developed by Tordo and called

SG1 (ATOFINA), is efficient enough to control the radical

polymerisation of styrene and alkyl acrylates. This method

leads to polystyrene (PS) and poly(n-butylacrylate) (P(n-BA))

with a polydispersity lower than 1.3, and allows faster

propagation than any other nitroxides.

The efficiency of NMP coupled with a grafting technique

has been demonstrated in our laboratory [14,15,23], and

more recently by Beyou et al. [16], using silica particles or

silicon wafer. In these cases two different approaches can be

used, based on a unimolecular system called alkoxyamine

[15–17], and on a bimolecular system based on a azoı̈c [14,

15,23], or a peroxide [18] with a stable free radical. In each

case, it has been demonstrated that the living/controlled

character of the polymerisation can occur directly from the

surface in the presence of nitroxide.

The general theme of the research reported here concerns

the preparation of hybrid inorganic/organic materials,

starting from a layered mineral covered by an acrylic

polymer layer in order to generate new optical properties.

Mica was chosen for this study. Mica is a chemically inert

alumino-silicate mineral. Its crystal structure consists of

preliminary negatively charged 2:1 layers whose charges

are compensated by interlayer cations (monovalent (NaC,

KC, etc.) or divalent (Ca2C, Mg2C, etc.) [19]. Each 2:1

layer is constituted by two tetrahedral sheets sandwiching

one octahedral sheet. It was very important to control the

nature and the thickness of the polymer layer, and so a low

Tg polymer has been considered, poly (n-butyl acrylate) P(n-

BA). In this paper, for the first time we describe the method

used to control polymerisation of butyl acrylate at the

surface of mica, while preserving its lamellar structure, by

using the NMP process. The preparation of hybrid mica/

PBA material requires a first step of adsorption of an

initiator (here 2,2 0-azobis (iso-butyramidine hydrochloride)

(AIBA) and a second step of polymerisation, (Scheme 1).
2. Experimental section

2.1. Materials

The soft micaw samples were received from Comptoire

Minérale des Matériaux Primaires CMMP (France). The
Scheme 1. Schematic representation of the concept for the preparation of polymer

polymerisation.
physico-chemical characteristics of this mica are given in

Table 1.

The initiator used was a water-soluble bicationic azo

compound previously reported for the preparation of

polymer-clay composites [20], 2,2 0-azobis (iso-butyrami-

dine hydrochloride) (AIBA), (Scheme 2).

The counter-radical SG1 (90%) was received from

ATOFINA, (Scheme 3).

The monomer n-butyl acrylate (n-BA) (Aldrich) and

solvents mentioned in the present paper were used as

received.
2.2. Adsorption of AIBA on mica

To connect the initiator to mica, we set the following

conditions.
1.
bru
It possesses a cationic group that can interact with the

negatively charged silicate layer;
2.
 It should be able to decomposed at the polymerisation

temperature of n-BA (120 8C).

To satisfy this condition the AIBA initiator was chosen

because it becomes positively charged in solution and is

able to adsorb onto a negative surface, (Scheme 4).

The mica powders were dispersed in ethanol solutions of

the initiator at ambient temperature. The resulting suspen-

sions were magnetically stirred overnight. After filtration,

the solids were washed with ethanol, filtered again, and
shes using ionically adsorbed initiators for controlled free radical-chain



Scheme 3. Structure of SG1.

Scheme 2. Structure of AIBA.
dried by lyophilisation for 24 h. The amount of adsorbed

initiator was determined by thermal gravimetric analysis

(TGA).
2.3. Polymerisation

Mica powder (100 mg) with cationic initiator adsorbed

on the surface were dispersed in a mixture of butyl acrylate

monomer (n-BA) ([Acrylate]/2[AIBA]Z500) and SG1

(slight excess ([AIBA]/[SG1]Z0.05)). This mixture was

thoroughly degassed with nitrogen and heated at 120 8C for

4, 14, 24 and 48 h. The next stage was centrifugation of the

mixture in acetone for 60 min at 5000 rpm. After decanta-

tion, the solid was recovered and dried at ambient

temperature for several hours, and the supernatant was

precipitated in a large volume of ethanol/water (1/0.05) in

order to determine the molecular weight of desorbed

polymer chains.
2.4. Characterisation

1H NMR and proton decoupled 13C NMR spectra were

recorded at 400 MHz on a Bruker Advanced AM400

spectrometer in CDCl3 and the chemical shifts (d) in ppm

were referred to internal trimethylsilane (TMS). Magnetic-

Angle Spinning 13C NMR was also employed.

Fourier Transform Infrared (FTIR) spectra were recorded

using a Burker IFS 66/S spectrometer at a resolution of

4 cmK1 in absorption mode, 100–1000 scans were

accumulated.

Thermal gravimetric analysis (TGA) was carried out

using a System TA 2950 apparatus, to determine the amount
Scheme 4. Mechanism of
of bound polymer chains adsorbed to mica surfaces in a

temperature range 50–600 8C at a scan rate of 10 8C/min in

air.

The molecular weights of the polymer and the poly-

dispersity were determined by size exclusion chromatog-

raphy (SEC), using a 2690 Waters System with THF as the

mobile phase. Molecular weights were calculated relative to

polystyrene standards.

X-ray photoelectron spectroscopy (XPS) analysis were

performed with a Surface Science Instrument (SSI)

spectrometer at room temperature, using monochromatic

and focused (spot diameter of 600 mm, 100 W) Al Ka

radiation (1486 eV) under a residual pressure of 5!10K8 Pa.

The hemispherical analyser worked in constant pass energy

mode, 50 eV for high resolution spectra. The binding energy

scale was calibrated from the carbon contamination using

the C1s line (284.6 eV) (a mean atomic percentage of 8%

was determined).

The X-ray diffraction (XRD) data from powder samples

were recorded using reflection geometry with pseudo-

focusing known as Bragg–Brentano. They were collected

at room temperature on a INEL CPS 120 powder

diffractometer (calibrated with NAC (Na2Ca3Al2F14)) with

monochromatized Cu Ka (lmeasureZ0.15406 nm) radiation

(30–40 kV).
3. Results and discussion

3.1. Adsorption of AIBA on mica

After adsorption of the initiator on mica, the resulting

surface was first analysed qualitatively by NMR and FTIR

spectroscopy.

A solid-state 13C NMR CP/MAS spectrum of mica with

adsorbed AIBA was obtained with clear signals character-

istic of AIBA at 178.28 ppm ðCaÞ (carbon atoms of

amidinium (C]N)), 73.92 ppm ðCbÞ (carbon atoms of C–N),

28.32 and 25.82 ppm ðCgÞ (carbon atoms of CH3),

confirming the presence of the azoı̈c compound on the

mica surface, (Fig. 1).

Fig. 2 reproduces the FTIR spectra of pure soft micaw,

which exhibit no notable peak, and that of AIBA which is

characterised in this wavenumber range by the C]N and

NH vibrations at 1681 and 1625 cmK1, respectively. The

presence in the spectrum of the surface modified mica of
AIBA in solution.



Fig. 1. 13C CP/MAS solid-state NMR spectrum of AIBA adsorbed-mica.
adsorption at these two wavenumbers confirms adsorption

of AIBA on the mica surface. Moreover, the spectrum of the

modified material displays peaks at 2730 and 2940 cmK1

corresponding to the stretching vibrations (C–H) character-

istic of adsorbed AIBA.

These qualitative analysis show that the initiator is well

adsorbed on the mica, but further analysis is necessary to

determine the quantity of AIBA adsorbed. This was effected

by TGA, (Fig. 3). Considering that mica does not degrade

below 1000 8C, only the organic matter (initiator), present at

the surface of the inorganic substrate, degrades totally at

temperatures lower than 700 8C. After comparison of the

thermograms of mica with adsorbed AIBA (Fig. 3b), with

that of soft micaw (Fig. 3a), it was concluded that 0.4 mg of
Fig. 2. FTIR spectra of (a) mica soft, (b) pure AIBA, (c) AIBA adsorbed-

mica, (d) poly (n-BA) (4 h) coated-mica, and (e) Poly (n-BA) (48 h) coated-

mica.
AIBA per 1 mg of mica (1.5 mmol/mg of mica) was

adsorbed to mica surface.

3.2. Polymerisation

Mica with adsorbed AIBA (0.4 mg per 1 mg of mica)

was treated with n-BA at 120 8C. After four periods 4, 14, 24

and 48 h, the reaction was stopped and the products were

analysed. As the initiator is bound to the surface by one or

both ends, it is possible, in the first case, that the second end

of the initiator can diffuse into solution and start a

polymerisation reaction there. Not all polymer which had

formed is ionically adsorbed to the mica surface. Two types

of polybutylacrylate P(n-BA) were found: polymer ‘bound’

to the mica (not removed from the mica surface by acetone

extraction) and P(n-BA) precipitated in ethanol/H2O. If the

radical was adsorbed by one ionic end, the P(n-BA) attached

to the surface cannot be removed by extraction with good

organic solvents of this polymer such as acetone or

tetrahydrofuran.

3.3. Characterisation of the free chains

3.3.1. Size exclusion chromatography (SEC)

The NMP techniques allow the preparation of polymers

with narrow molecular weight distribution and precise

control of chemical composition and polymer architecture.

The basic underlying mechanism is a reversible capping of

the free radical end of the growing polymer chains. The

counter radical chosen SG1 works very well for acrylates

and is very tolerant to functional groups in the monomers,

[12,13,21]. The low concentration of active chain ends

suppresses detrimental side reactions such as radical

coupling. In the ideal case, this leads to a ‘living’ polymer

with a narrow molecular weight distribution, and makes it



Fig. 3. Weight loss (%) versus temperature for (a) soft mica, (b) AIBA

adsorbed-mica, (c) poly (n-BA) (4 h) coated-mica, and (d) poly (n-BA)

(24 h) coated-mica, and (e) poly (n-BA) (48 h) coated-mica.

Fig. 4. dWt=dðlnðMÞÞ versus lnðMÞ for unbounded polymer at (a) 4 h, (b)

14 h, (c) 24 h and (d) 48 h of polymerisation.
possible to prepare block copolymers. Table 2 gives the

number and weight average molecular weights, �Mn and �Mw,

of the free P(n-BA) polymer, determined by GPC, as

function of the reaction time.

Both �Mn and �Mw are relatively low at low reaction times

with a very good polydispersity index (1.15), while they

increase with reaction time. It must be noted that the

polydispersity which remains rather low for tZ24 h (1.3)

strongly increases when tZ48 h (2.1).

The chromatogrammes of the four samples reported in

Fig. 4 confirm the high molecular weights of unbound

polymers at 24 and 48 h. This polydispersity at high

conversion rate is due to the decomposition of the nitroxide

SG1 at the reaction temperature 120 8C [12,13].
Table 2

Molecular weights of unbound Poly(n-BA) (with mica)

Time of reaction (h) C (%) Mn,th (g/mol) M

4 2.9 1900

14 33 21,000

24 58 37,000

48 83 53,000 1
3.3.1.1. Kinetics studies. For the nitroxide mediated

polymerisation of n-BA initiated by AIBA, the kinetic

studies in the absence and the presence of mica would give

all the criteria of ‘livingness’ in the presence of SG1. The

results of Tables 2 and 3 show that the molecular weight

increases with conversion, and the polydispersity remains in

both cases low (Mw/Mn!1.2) for 24 h, becoming high for

48 h (Mw/MnZ2). It may also be noted that, for an identical

reaction time, these molecular weights are higher in the

absence of the mineral filler (mica). These results show that

the presence of mica in the bulk reduces the speed of

polymerisation in consequence of less low molecular

weights. On the other hand, the presence of the mineral

does not have an influence on the index of polydispersity.

The comparison of molecular weights in Tables 2 and 3

shows an important difference between the values obtained

experimentally and theoretically. This could be attributed to

the efficiency of the initiator and demonstrates that only a

part of the initiator was reacted, leading to the presence of

residual initiator or organic fragment of the initiator on the

mica surface (see Section 3.4).

One of the features of NMP is that the number of active

species remains almost constant throughout the reaction.

This may be demonstrated by using the classical represen-

tation of the NMP process, i.e. the plot of ln½M�0=½M� as a

function of time, [M]0 and [M], respectively standing for the

original and current monomer concentration (by their

proportionality with the weight of formed polymer). As

shown in Fig. 5a, the plots are a straight line, indicating that the

number of propagating species (kp[P,]) remained approxi-

mately constant in this range time and confirming the control

of polymerisation in presence and absence of mica.

The limitation of the number of transfer reactions is
n (g/mol) Mw (g/mol) Mw/Mn

5700 6600 1.14

30,000 34,200 1.14

74,000 86,600 1.17

19,000 260,000 2.1



Table 3

Summary of results of kinetic studies for free polymers (without mica)

Time of reaction (h) C (%) Mn,th
a (g/mol) Mn,exp (g/mol) IpZMw/Mn

2 1.1 700 2000 1.10

4 2.4 1500 4500 1.14

6 9.1 5800 9500 1.16

14 33 21,000 40,000 1.14

24 66 42,000 120,000 1.16

48 88 56,000 160,000 2.0

a Mn,thZ([Monomer]/2[Initiator])!Monomer molecular weight!Conversion.
another consideration used to ascertain the controlled

character of the reaction. This could be checked by plotting

the molecular weight of the obtained polymer versus

conversion. Fig. 5b demonstrates that this system shows

an living behaviour and makes it very suitable for the

synthesis of acrylic block copolymers.

If poly(butyl acrylate) were grafted from the surface via

surface initiated polymerisation, first order kinetics would

be expected [22,23]. Fig. 5b shows this type of kinetics by

the linearity of the plot of molecular weight of polymer

obtained in presence of mica versus conversion. When pure

mica was used in place of AIBA-adsorbed mica in

polymerisation medium, the amount of soluble polymer

formed was similar, but no bound polymer was produced.
Fig. 5. Variation of (a) lnð½M�0=½M�Þ versus time and (b) evolution ofMn as

a function of conversion in SG1-mediated polymerisation of n-butyl

acrylate at 120 8C.
This lends support to the notion that ionic groups are

responsible for the binding of polymer chains to the surface.

Moreover, in spite of strictly identical conditions

(temperature, concentration as an initiator, excess in SG1),

it also noted a slight difference between the two kinetics (in

presence and absence of the mica).

In Fig. 5a the plot of the kinetic of polymerisation of

butyl acrylate in presence of initiator-adsorbed mica is

slower than in absence of mica. This behaviour corresponds

to a higher consumption of the BA monomer of the bulk in

presence of mica. The mica is well-known as a basic filler

due to the Si–OK on the surface. Knowing that for NMP, the

kinetic is increase when pH decrease, the presence of mica

could reduce the polymerisation constant kp [24]. This

hypothesis have to be confirmed by a more complete study

with different mica and initiator ratio.

In the same time Fig. 5b shows an influence of mica to

the molecular weight of PBA synthesised. Indeed, in this

case the molecular weight is lower in presence of initiator-

adsorbed mica. Such a phenomenon is interpreted in terms

of an increase of the efficiency of the azoic initiator. From

the Fig. 5b, the efficiency of this initiation can be estimated.

Indeed, the slope of the straight line is directly correlated to

the experimental ratio [M]/[A]. In this case, the experimen-

tal value are around 1120 and 1440, corresponding to a

efficiency of 45 and 35% of the AIBA initiator respectively

in presence and in absence of mica. This low value of the

efficiency is confirmed by the thermal analysis of the AIBA-

adsorbed mica, which describes the presence of residual

initiator or fragments of the initiators (Section 3.4.3).

Nevertheless, this kinetic study shows a control of

polymerisation in presence and absence of mica. Also these

result demonstrate that the initiator-adsorbed mica can be

used successfully for surface initiated polymerisation of BA

from mica surface.
3.3.2. Characterisation of the free chains by nuclear

magnetic resonance (NMR)

After CES characterisation the unbound polymer (P(n-

BA)) to mica was thoroughly characterized by a 1H NMR

(CDCl3) sample after 4 h of reaction (Fig. 6). The spectrum

was obtained with clear peaks, such as the typical triple peak

at 0.94 ppm and the peak at 4.04 ppm, corresponding to the

terminal methyl protons (–O(CH2)3CH3) and the methylene

protons adjacent to oxygen (–OCH2(CH2)2CH3) in the



Fig. 6. 1H NMR spectra of PBuA-DEPN (4 h).
n-butyl group, respectively. The proton from the other

two methylene groups in the n-butyl group can also be

seen at 1.35 ppm (–OCH2CH2CH2CH3) and 1.60 ppm

(–OCH2CH2CH2CH3).

Concerning the chain end functions, the peaks charac-

teristic of the methyl group of the initiator is not visible in

Fig. 7, but hidden by the peaks located between 1.8 and

2 ppm characteristic of proton Ha. Also, the spectrum shows

the peak characteristic of the He of SG1 at 3.2 ppm

confirming the presence of nitroxide at the end of the

chain and giving us the possibility to form block copolymers

or to re-initiate a polymerisation.

3.3.2.1. Calculation of molecular weight from the 1H NMR

spectrum. The NMR spectrum of polymer with lower

molecular weight shows peaks characteristic of the counter

radical SG1 at the end of polymer chains. Among these

peaks, the doublet at 3.2 ppm is assigned to the hydrogen ‘e’

compared to the nitrogen atom of SG1. Neglecting the

presence of inactive chains permitted us to estimate the

molecular weight of polymer from:

MnðRMNÞZ ðM!ðImu=nhÞÞ=ISG1Þ

Where: M: molecular weight of monomer (g/mol); Imu:

integration value of first peak (monomer unit); ISG1:

integration value of hydrogen e; nh: hydrogen number of

first peak.

The result for sample (tZ4 h) isMnZ3600 g/mol, which

is in acceptable agreement with the value obtained from

GPC (MnZ5000 g/mol). The difference between the two

values may be attributed to the GPC calibration, since the
Mn calculated from chromatogram is given in polystyrene

equivalent.
3.4. Characterisation of hybrid inorganic/organic material
3.4.1. FTIR analysis

At first the polymer-mica composites were characterised

qualitatively. A typical FTIR spectrum of the mica-polymer

system (4 h) (Fig. 2d), compared to the spectrum of soft

micaw (Fig. 2a) and the spectrum of pure AIBA (Fig. 2b),

shows the presence of P(n-BA) on the surface of mica,

characteristic of CH vibrations (2800–3000 cmK1) and

C]O vibration (1735 cmK1). Also, the spectrum shows the

appearance of the C]N band (1680 cmK1) and NH band

(1625 cmK1) characteristic of the unreacted initiator. After

4 h at 120 8C, the AIBA initiator or fragment issue of the

initial structure are still present at the surface of mica.

An IR spectrum of the mica-polymer system (48 h) is

shown in Fig. 3e. This last spectrum shows the absence of

peaks characteristic of the initiator and the high quantities

and the increase in the intensities of the peaks characteristics

of P(n-BA), implying a larger quantity of polymer on the

surface of the mica. In addition no signals of the azoı̈c

compound or its decomposition products can be seen.
3.4.2. Interface inorganic/organic: XPS analysis

XPS measurements were made to characterise modifi-

cations to the mica surface.

Fig. 7 summarise the results of the XPS measurements.

The spectra of mica shows signals due to the presence of

silicate (152 eV, Si (2 s); 102 eV, Si (2p)), aluminate



Fig. 7. XPS spectra of poly (n-BA) (24 h) coated-mica, AIBA adsorbed-mica and soft mica (insert: P(2p) signal of nitroxide SG1 end-capped PBA.
(110 eV, Al(2 s); 74 eV, Al(2p)) and oxygen atoms (531 eV,

O(1 s)).

After adsorption of AIBA, two new signals appear due to

the carbon (285 eV, C(1 s)) and nitrogen atoms (399 eV,

N(1 s)) of the azo compound and few signals disappeared

characteristics of the exchange of mica cations.
A comparison of the XP spectra of the initiator

monolayer (d) and the adsorbed P(n-BA) (4 h) (c) shows a

strong enhancement of the carbon signal at 285 eV (C(1 s)),

and oxygen atoms at 531 eV (O(1 s)).

In addition, in the spectrum of Fig. 7, after a longer

reaction time (24 h), the signals of Si are attenuated and the



Scheme 5. Evolution of adsorbed polymer density.
C(1 s)/O(1 s) signal ratio is clearly enhanced due to the

increase of the molecular weight of the adsorbed polymer

chains on mica under controlled conditions. For 48 h of

reaction, the signals of Si are more attenuated and the C(1 s)

and to O(1 s) signal ratio is more slowly enhanced. Indeed,

for this time of polymerisation, the adsorbed polymer

density decreases and the controlled character of the growth

is lost (Mw/MnZ2.1), as described previously. Moreover, it

must be noted that the signals of Si and Al are not totally

attenuated due to the decrease of the adsorbed polymer

density. These polymers are probably ‘crushed’ onto the

surface of the mica involving a low thickness of the organic

layer (!5–10 nm) due to the conformation of the

macromolecular chains in a ‘mushroom’ mode, (Scheme 5).

However, the XP spectra bring some additional answers

due to the presence of peaks associated with the phosphorus

atoms (P(2p); 133.4 eV) characteristic of counter-radical

SG1 and more precisely of the group of the type P–On,

(Insert Fig. 7).

The presence of the large peak at 133.4 eV on the

spectrum of mica modified by polymer confirms the

presence of nitroxide at the end of the chains. This

consequently produces reactivation in order to form

copolymers.
3.4.3. Density of adsorption of macromolecular chains a

mica surface

In order to obtain quantitative information about the graft

densities of the ionically adsorbed polymer layers, the

materials were examined by TGA. Fig. 3 shows the

thermogramme of the mica-P(n-BA) samples drawn after

different times of polymerisation at 120 8C.

For 4 h of reaction time, three major weight loss ‘peaks’

were observed: at 180 8C, at 280 8C and at 377 8C, (see Fig.

3c). Upon comparison of the TGA plots with that of AIBA
Fig. 8. Bound polymer versu
adsorbed to mica, it was concluded that the observed weight

loss at 377 8C was attributable to the decomposition of P(n-

BA) bound to the mica and those around 180 and 280 8C to

AIBA residues, confirming the assumption of the FTIR

results of the presence of residual initiator. The maximum of

bound polymer obtained was about 0.08 mg per 1 mg of

mica, (1.4!10K2 mmol/mg of mica).

For 14 h, the maximum of bound polymer obtained was

about 0.18 mg per 1 mg of mica (6!10K3 mmol/mg of

mica). The remainder of the mass loss is attributed to

residual AIBA, (see Fig. 3d).

For 24 and 48 h of reaction, the maximum of bound

polymer obtained is significantly higher than is the two

precursors, it was respectively 0.33 mg per 1 mg of mica

(4.5!10K3 mmol/mg of mica) and 0.40 mg per 1 mg of

mica (3.4!10K3 mmol/g of mica). For 48 h one major

weight loss peak was observed, characteristic of polymer

and significant the absence of AIBA residual, (see Fig. 3e

and f).

From these results it may be noted that the adsorption

density of the polymer chains decreases with increasing

reaction time, Fig. 8.

The values obtained suggest that the macromolecular

chains are ‘crushed’ more and more onto the mica surface,

gradually decreasing the thickness of the organic layer and

confirming the results of XPS. Moreover, this phenomenon

is related to desorption of the macromolecule chains on a

continuous expellation with time probably due to an

increase of the affinity of the polymer chains with the

bulk. Indeed, when the polymer chains grow from the mica

surface, the intermolecular interactions with the free

macromolecular chains have to be higher than the ionic

interactions between the end chains and the mica surface.

Some experiments are underway to understand such a

behaviour.
3.5. Optical properties: XRD

The principal objective of this work is to graft polymer

layers onto the surface of mica while preserving its lamellar

structure. To check if the layers of this structure were
s polymerisation time.



Fig. 9. XRD pattern of poly (n-BA) coated-mica, AIBA adsorbed-mica and

(e) soft mica.
damaged during this work, an analysis by X-ray diffraction

(XRD) was realised.

The XRD patterns of the resulting solid prepared by

adsorption of AIBA at the mica surface, and by grafting of

P(n-BA) onto mica for 4, 24 and 48 h are compared to that

of soft micaw in Fig. 9.

A strong peak can be observed at dZ9.99 Å in Fig. 9,

which can be assigned to the (001) reflection of mica. Small

peaks observed around dZ4.99 and 3.34 Å are assigned to

(002) and (003) reflections. These values are in agreement

with those of the work of Bentayeb et al. [25], which gives

inter-reticular distances for the most intense peaks at 10.10,

5.10 and 3.32 Å for a mica phase.
The other XRD patterns of Fig. 9 also reveal the presence

of reflections of the plans of the mica phase. The treatments

carried out on the compound relative mica do not seem to

have affected its lamellar structure.
4. Conclusion

In this study we developed a novel way to connects

through ionic bounds the P(n-BA) to layered silicate for the

first time by nitroxide mediated polymerisation.

The polymerisation of butyl acrylate with initiator

adsorbed onto mica, under quite precise conditions, leads

to an adsorbed quantity of polymer of about 0.08 mg/mg of

mica, after 4 h of reaction. This is very low and

unsatisfactory, compared to the significant quantity of

residual initiator. By increasing the time of polymerisation,

the adsorbed polymer quantity obtained is 0.33 mg per 1 mg

of mica for 24 h (molecular weight of 74,000 g/mol and

polydispersity of 1.17) under a controlled free radical

reaction.

The kinetic study both in presence and absence of mica

shows a control of the surface initiated nitroxide mediated

polymerisation, by the linear variation of ln½M�0=½M� versus

time and also linear variation of molecular weight versus

conversion. This study demonstrates also that the presence

of mica in the bulk reduces the kinetic of polymerisation and

the molecular weights. This behaviour can be associated to a

low efficiency of the initiator and to the basicity of the mica

filler. On the other hand, the presence of the mineral does

not have an influence on the index of polydispersity.

The characterisation of grafted material obtained by

several techniques (FTIR, X-ray diffraction, XPS, etc.)

shows that it is in conformity with our objective, i.e. that one

preserves the lamellar structure of the mica while adsorbing

a layer of polymer.

Quantitative and qualitative results demonstrate that

using a surface bound AIBA initiator, it is possible to obtain

a P(n-BA) monolayer bound to mica. The next step will

consist of a synthesis of block copolymers from a P(n-BA)

adsorbed to mica and will be presented in a forthcoming

paper.
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