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Abstract 

This work presents a comparative study of the reversible addition–fragmentation chain transfer (RAFT) and free 
radical polymerizations of α-methylbenzyl methacrylate (α-MBM) in solution at 70 °C using 
1-phenylehtyldithiobenzoate (1-PEDB) as RAFT agent and AIBN as thermal initiator. Reactions were monitored 
by dilatometry, which is a robust and economical technique to follow kinetic polymerization. Free radical 
polymerizations were carried out at initial monomer concentration [α-MBM]0 of 0.2, 0.5, 0.7 and 1.0 M at fixed 
[AIBN]0 = 1 x 10-3 M and initial initiator concentration of 2, 5, 8 and 10 x 10-3 M at fixed [α-MBM]0 = 0.5 M. 
For the RAFT polymerizations the [1-PEDB]0 was 4 x 10-3 M using the same reaction conditions as that in the 
free radical polymerizations. In RAFT polymerizations it was found that conversion profiles were lower than in 
free radical polymerization. Plots of conversion vs time indicated that the polymerizations followed first order 
kinetics in the range of [α-MBM]0 evaluated. However, only at low [AIBN]0, i.e. 2 and 5 x 10-3 M, kinetics fitted 
adequately in the reaction time tested. 1H NMR, IR, and UV-Vis spectrophotometric studies confirmed the 
presence of thiocarbonylthio moieties (-SCS-) in the polymer chains. Molecular weight data for the set of 
experiments carried out by free radical polymerization decreased when the monomer or the initiator 
concentration increased. The molecular weight distributions (MWDs) corresponding to the polymers obtained in 
the RAFT polymerizations were moderately narrow with polydispersities (Ɖ) between 1.12 and 1.59 

Keywords: RAFT polymerization, free radical polymerization kinetics, dilatometry, methacryloyl monomers, 
multi-angle light scattering  

1. Introduction 

The main advantages of free-radical chemistry are the undemanding conditions required for polymerization and 
the large number of monomers that can be polymerized. The disadvantage of this method lies in the 
uncontrollable polymer structure. However, the application of living free-radical polymerization has opened the 
possibility of generating controllable macromolecular architectures with mild reaction conditions (Otsu et al., 
1982; Kato et al., 1995; Wang & Matyjaszewski, 1995a; Percec et al., 1995; Chiefari et al., 1998). Several living 
free radical polymerization techniques have been developed, including stable free radical polymerization 
(Georges et al., 1993), atom transfer radical polymerization (ATRP) (Kato et al., 1995; Wang & Matyjaszewski, 
1995b; Percec et al., 1995), and reversible addition–fragmentation chain transfer (RAFT) (Chiefari et al., 1998; 
Le et al., 1998). The RAFT technique is probably the most versatile of those mentioned because it exhibits a high 
degree of compatibility with a wide range of functional monomers and is tolerant of water and oxygen in the 
system (Barner-Kowollik et al., 2003). The RAFT process is a polymerization in the presence of a dithio 
derivative that reacts by a series of reversible addition–fragmentation steps (Scheme 1). 
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Scheme 1. Fundamental reaction step in the RAFT mechanism proposed 
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Most publications in this field are devoted with styrene and acrylic acid derivatives (Moad et al., 2000; Perrier et 
al., 2002; Mayadunne et al., 1999). One of the main problems encountered in the RAFT polymerization of 
methacrylates is the selection of RAFT agents suitable for the efficient controlled synthesis of polymers or 
appropriate reaction conditions (Chiefari et al., 2003; Barner-Kowollik et al., 2001; Zhu et al., 2004a). Some 
examples of successful RAFT polymerization of functional methacrylates are poly(glycidyl methacrylate) (Zhu 
et al., 2004b), poly(6-[4-(4´-methoxyphenyl)phenoxy] hexyl methacrylate) (Hao et al., 2003), 
poly(3-[tris(trimethylsiloxy)silyl] propyl methacrylate) (Saricilar et al., 2003) and poly(dimehtylaminoehtyl 
methacrylate) (Sahnoum et al., 2005), which have been prepared with well-controlled molecular weights and 
narrow polydispersities. 

On the other hand, our group is focused on the synthesis of functional vinyl monomers, their kinetics 
polymerization and physiochemical characterization (Percino et al., 2004a; Yáñez-Martínez et al., 2010; Zayas et 
al., 2000; Percino et al., 2007; Gutiérrez-Pérez et al., 1999; Percino et al., 2004b). Recently, we extended our 
researches at the CRP kinetics studies of such functional monomers (Yáñez-Martínez et al., 2011), in this sense it 
was found that the nature of the type of monomer in the ATRP system determined if the polymerization proceed; 
i.e. it was found that ethylbromopropionate (EBIB) could not initiate the polymerization of 
N-(S)-α-methylbenzyl methacryloylamine. But, well defined poly(α-methylbenzyl methacrylate) macroinitiators 
were prepared when EBIB and methylchloropropionate (MCP) were used as initiators, such ATRP initiators 
contain an ester or an amide group (Percino et al., 2011). Also, recently it was reported the RAFT polymerization 
of N-(S)-(-)-α-MBMA using typical RAFT agents (Soriano-Moro et al., 2011). Now, in this paper we study the 
RAFT polymerization kinetics of the raceminc α-methylbenzyl methacrylate (α-MBM), under different reaction 
conditions using 1-phenylethyl dithiobenzoate (1-PEDB), which is an extensively used RAFT agent (Chong et 
al., 2003). 

2. Experimental 

2.1 Materials and Instruments 

α-Methylbenzyl alcohol, methacryloyl chloride, magnesium powder, magnesium sulfate anhydrous, 
tetrahydrofuran (THF) and 1-phenylethyl bromobenzene were purchased from Aldrich. The initiator 
2,2'-azobisisobutyronitrile (AIBN, Alfa Aesar) was purified by recrystallization in methanol. The remaining 
reagents and solvents were used directly as received from suppliers. 
1H-NMR spectra were obtained on a Varian Mercury VX300-MHz NMR spectrometer. IR spectra of the 
products were recorded on a Vertex 70 model Bruker FT-IR spectrophotometer by ATR. UV-vis spectra were 
obtained in chloroform at 25 °C using a quartz cell of 1 cm with an Ocean Optics SD2000 spectrometer and a 
UV-vis light source DT 1000CE from analytical instruments systems was used as an excitation source. 
Molecular weight data (Mw) were determined on a multi-angle light scattering detector (DAWN Heleos of 8 
angles, Wyatt Technology Corp at 658 nm wavelength) using a refractive index detector (Optilab rEX, Wyatt 
Technology Corp at 690 nm) to determinate the specific refractive index increment (dn/dc) and molecular weight 
distributions were measured by size exclusion chromatography (SEC) on a Hewlett Packard modular system, 
comprising an auto injector, Polymer Laboratories 5.0 μm bead-size guard column, followed by mixed PL Gel 
columns (1 K–4 M) using a differential refractive index detector (HP 147 A). The eluent was THF (HPLC grade) 
at flow rate of 1 mL/min at 40 °C. The system was calibrated using narrow polystyrene standards (ranging from 
162 to 6.8×106 g/mol). Data acquisition was performed using Polymer Laboratories GPC software. 

2.2 Synthesis 

α-Methylbenzyl methacrylate (α-MBM, Scheme 2) were synthesized according to the following procedure: 
methylbenzyl alcohol (0.206 mmol) without solvent was reacted with freshly distilled methacryloyl chloride 
(0.309 mmol) and 33.4 mL of a 37% NaOH solution. After 6 h, the mixture was filtered to separate the two 
liquid phases from the salt formed. The liquid phases were separated and the oily phase was treated several times 
with a 10% Na2CO3 solution to obtain an uncolored liquid with a yield of 68%. IR (KBr), (cm-1): 1717 (s, ester, 
C=O), 1156 (s, ester, C-O), 1635 (s, vinyl, C=C), 942(s, CH, CH2=). 1H NMR (CD3Cl, 300 MHz) : 1.6 (d, 
3H, CH3), 2.0 (s, 3H, CH3), 6.0 (t, 1H, CH), 6.2 (s,1H, CH2=), 5.6 (s, 1H, CH2=), 7.4-7.2 (m, 5H, Ar). 

1-Phenylethyl dithiobenzoate (1-PEDB) was synthesized as reported in the literature (Le et al., 1998). 1H NMR, 
δ (ppm): 1.8 (d, 3H, CH3CH), 5.3 (q, 1H, SCHCH3), 7.2-8.0 (m, 10H, ArH). 13C NMR, δ (ppm): 20 (CH3), 50 
(SCH), 126-146 (ArC), 227 (C=S). 
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Scheme 2. Structures of the RAFT agent and monomer used for the present work 

 
2.3 Dilatometry 

The polymerization reactions were monitored through a well-established dilatometric method, which is a robust 
and economical technique to follow kinetic polymerization in comparison with others systems (Saricilar et al., 
2003; Percino et al., 2004a; Percino et al., 2011; Kurenkov et al., 2007; Bonilla-Cruz et al., 2007; Mota-Morales 
et al., 2010). A typical glass dilatometer is composed of a 5 mL bulb and a capillary tube of 2 mm internal 
diameter and 10 cm length. For a representative polymerization, a solution of monomer in solution, AIBN (in the 
case of conventional polymerization) and the RAFT agent (for the controlled polymerization), see Scheme 3, 
was placed in a 5 mL flask. Solutions were bubbled with ultrahigh-purity argon for 20 min and afterward were 
sealed with a rubber septum. Dilatometers were placed in a water bath at 70 ºC (± 0.02). Reaction was stopped 
by cooling the dilatometer in an ice-water bath. The polymer was precipitated in methanol and dried in a vacuum. 
The monomer conversion was traced using a contraction factor k, according to x = ΔV/Vk. Here ΔV is the 
change in volume present in the capillary; V is the initial solution volume. ΔV is determined by πr2Δh; where r is 
the inner capillary radius and Δh is the change in height of the solution contained in the capillary (both expressed 
in cm), k was experimentally calculated from (ρp-ρm)/ρp ratio, where ρp and ρm are the densities of the polymer 
(1.021 g/mL for free radical polymerization and 1.1 g/mL for RAFT polymers) and monomer (0.912 g/mL), 
respectively. The density values were measured by a pycnometric method. 
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Scheme 3. Synthesis of poly(-MBM) via free radical and RAFT polymerization 
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3. Results and Discussion 

RAFT polymerization of α-MBM was evaluated, using 1-PEBD, an extensively used RAFT agent (Chong et al., 
2003), which has a secondary expeller radical. As showen in Figure 1, the conversion decrease significantly, 
around of 84 %, when the 1-PEDB is added (Figure 1b) in comparison with the experiment set carried out 
without RAFT agent; such retardation is typical in the polymerization carried out with dithiobenzoates (Monteiro 
et al., 2001; Vana et al., 2002; Kwak et al., 2004; Bathfield et al., 2007), which is due to the formation and 
stability of intermediate radicals during the polymerization. Figure 1c shows that the kinetics adequately fit a 
first-order reaction (like show the R-square values), which indicated that the propagating radical concentration 
remained nearly constant throughout the reaction as is expected for the living systems. Furthermore, it is 
important to draw attention to the use of dilatometry as appropriate method to determinate the monomer 
consumption; especially, at early stage of the reaction, where the conversion could be very low and slight 
changes in the amount of polymer isolated by gravimetric method could give an erroneous kinetic behavior. Also 
the effect of the initiator concentration in the monomer conversion was evaluated. In this case, the conversion 
again decreases when RAFT agents was added into the reaction (see Figure 2a and 2b). The linearity in the 
kinetics fit adequately for experiments carried out at low [I]0 (2 and 5 x 10-3 M), but at higher [I]0, as in the 
experiments at 8 x 10-3 and 1 x 10-4 M, deviation in the linearity occur after of 125 min, which indicate that a 
high concentration radicals reduces the living and controlled behavior in the polymerization. As such the better 
initiator concentration was 2 x 10-3 M. 
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Figure 1. Polymerization of α-MBM at [M]o= 0.2 (♦), 0.5 (▲), 0.7 () and 1.0 M (■). [I] = 2 x 10-3 M at 70 °C, 
in toluene a) free radical polymerization, RAFT polymerization b) conversion profile and c) ln[M]/[M]0 trend 

using [1-PEDB]0 = 1 x 10-3 M 
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Figure 2. Polymerization of α-MBM at [I]o= 2 (▲), 5 (), 8 (♦) and 10 (■) x 10-3 M at [M]0 = 0.5 M at 70 °C, in 
toluene a) free polymerization, RAFT polymerization b) conversion profile and c) ln[M]/[M]0 trend at 

[1-PEDB]0 = 1 x 10-3 M 

 
Regarding to the polymers synthesized in presence of 1-PEDB, the 1H NMR spectrum displayed a weak signal at 
around of 7.5 ppm (see inset in Figure 3), which is assignable to aromatic protons from of the RAFT fragment 
(Zhu et al., 2004c; Mori et al., 2005; Li et al., 2005; Yin et al., 2006). In addition, Figure 4 compares the infrared 
spectra of 1-PEDB, poly(α-MBM) synthesized with and without RAFT agent. The IR spectrum of polymer 
synthesized by RAFT exhibit absorption bands at  1420, 1225 and 760 cm-1 corresponding to S-CH, C=S and 
C-S stretching vibration, respectively (Bellamy et al., 1960; Coates, 2000; Zhang et al., 2005). To confirm the 
presence of the -SC(S)- groups incorporated into polymers, the UV-vis spectra of polymers with RAFT agent 
were recorded. Figure 5 shows the comparative analysis between UV spectra of the 1-PEDB (solid line), 
polymers obtained via RAFT at different RAFT agent concentration (dash line, b and c) and the corresponding 
polymer via free radical polymerization (dot line), the absorption max around of 305 nm (π-π transition) is 
directly attributable to the presence of the thiocarbonylthio moiety at the end of the polymer chains 
(Soriano-Moro et al., 2011). 

The molecular weight (Mw) data corresponding to the experiments carried out under free radical polymerization 
are summarized in Table 1 and 2, such values were estimated using the specific refractive index increment values, 
additionally, the second virial coefficient (A2) values for these polymers were closed to zero, meaning that the 
strength of the interaction between the macromolecules and the solvent is equivalent to the 
macromolecule-macromolecule interaction strength (solvent theta). 
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Figure 3. 1H NMR spectrum in CDCl3 of poly(α-MBM) synthesized in presence of 1-PEDB 
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Figure 4. Infrared comparative analysis of 1-PEDB alone (bottom), poly(α-MBM) synthesized with (middle) and 
without (top) 1-PEDB 
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Figure 5. UV-vis spectra comparison of 1-PEDB (solid line, a) with poly(α-MBM) synthesized with (dash line, b 
and c) and without RAFT agent (dot line, d) 
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Table 1. Molecular weight data by MALS recorded in toluene 

[M]0
a 

M 

% conversion Mw 

(g/mol) 

dn/dc 

(mL/g) 

A2 x 104 

(molmL/g2) 

0.2 3.85 39 310 0.0667 7.077 

0.5 8.65 103 300 0.0648 1.989 

0.7 12.5 252 600 0.0569 3.570 

1.0 15.86 714 900 0.0604 0.799 
     a at fixed [I]0 = 2 x 10-3 M 

Table 2. Molecular weight data by MALS recorded in toluene 

[I]0 x 103 b 

M 

% conversion Mw 

(g/mol) 

dn/dc 

(mL/g) 

A2 x 104 

(molmL/g2) 

2 3.85 103 300 0.0648 1.989 

5 8.65 74 090 0.0614 2.096 

8 12.5 41 090 0.0542 5.882 

10 15.86 32 720 0.0673 3.569 

        b at Fixed [M]0 = 0.5 M 

 
On the other hand, Figure 6 shows the size exclusion chromatography (SEC) traces for the polymers synthesized 
by RAFT polymerization; the values (between 5821 and 8091 g/mol) are substantially lesser than the 
corresponding polymers synthesized by free radical polymerization (Table 1). As it can be seen, that control in 
the molecular weight distribution was easily achieved at [M]0 = 0.5 and [I]0 = 2 x 10-3 M. Thus, in comparison 
with the system N-(S)-(−)-α-methylbenzylmethacryloyl amine/benzyl dithiobenzoate recently reported 
(Soriano-Moro et al., 2011) (with Ɖ between 1.59 to 1.3) the system of α-MBM/1-PEDB possess a better 
living/controlled behavior, which put forward that the adequately choice of monomer/RAFT agent system plays 
a very important role (Favier et al., 2006). Currently, the synthesis of specific RAFT agents to improve the 
control for novel functional monomers is investigated. 
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Figure 6. SEC traces for polymers synthesized via RAFT 

4. Conclusions 

Kinetics of the free radical and RAFT polymerizations of -MBM was successfully monitored by dilatometry, 
which had demonstrated to be a robust and economical technique to follow kinetic polymerization in comparison 
with others systems. The plots of conversion vs time indicated that the polymerizations followed first-order 
kinetics for all monomer concentration evaluated, but such tendency is modified when high initiator 
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concentration was used. 1H NMR, IR, and UV-Vis spectrophotometric studies confirmed the presence of 
thiocarbonylthio moieties (-SCS-) in the polymer chains. Polydispersity indexes (between 1.12 and 1.59) 
indicate that the control of the reaction is satisfactory using 1-PEDB, an extensively used RAFT agent. Finally, 
the control in the RAFT polymerization of α-MBM is better with respect to N-(S)-(−)-α-MBMA/BDB system, 
previously reported. 

Acknowledgements 

The authors acknowledge PROMEP (BUAP-PTC-200), VIEP (SOMJ-NAT11-I) and CONACyT (157552) for 
financial support and assistance with SEC measurements received from M. C. Hortensia Maldonado (CIQA). 

References 

Barner-Kowollik, C., Davis, T. P., Heuts, J. P. A., Stenzel, M. H., Vana, P., & Whittaker, M. (2003). RAFTing 
down under: tales of missing radicals, fancy architectures, and mysterious holes. Journal of Polymer 
Science Part A: Polymer Chemistry, 41, 365-375. http://dx.doi.org/10.1002/pola.10567 

Barner-Kowollik, C., Quinn, J. F., Nguyen, T. L. U., Heuts, J. P. A., & Davis, T. P. (2001). Kinetic investigations 
of reversible addition fragmentation chain transfer polymerizations: cumyl phenyldithioacetate mediated 
homopolymerizations of styrene and methyl methacrylate. Macromolecules, 34, 7849-7857. 
http://dx.doi.org/10.1021/ma010349m 

Bathfield, M., D'agosto, F., Spitz, R., Ladavière, C., Charreyre, M. T., & Delair, T. (2007). Additional retardation 
in RAFT polymerization: detection of terminated intermediate radicals. Macromolecular Rapid 
Communications, 28, 856-862. http://dx.doi.org/10.1002/marc.200600861 

Bellamy, L. J., & Rogasch, P. E. (1960) The identification of C=S absorptions in the infrared by solvent studies. 
Journal of the Chemical Society, 2218-2221. http://dx.doi.org/10.1039/JR9600002218 

Bonilla-Cruz, J., Caballero, L., Albores-Velasco, M., Saldívar-Guerra, E., Percino, J., & Chapela, V. (2007). 
Mechanism and kinetics of the induction period in nitroxide mediated thermal autopolymerizations: 
Application to the spontaneous copolymerization of styrene. Macromolecular Symposia, 248, 132-140. 
http://dx.doi.org/10.1002/masy.200750214 

Chiefari, J., Chong, Y. K., Ercole, F., Kristina, J., Jeffery, J., Le, T. P. T., … Thang, S. H. (1998). Living 
free-radical polymerization by reversible addition-fragmentation chain transfer: the RAFT process. 
Macromolecules, 31, 5559-5562. http://dx.doi.org/10.1021/ma9804951 

Chiefari, J., Mayadunne, R. T. A., Moad, C. L., Moad, G., Rizzardo, E., Skidmore, M. A., & Thang, S. H. (2003). 
Thiocarbonylthio compounds (S=C(Z)S-R) in free radical polymerization with reversible 
addition-fragmentation chain trasnfer (RAFT Polymerization). Effect of the activating group Z. 
Macromolecules, 36, 2273-2283. http://dx.doi.org/10.1021/ma020883+ 

Chong, Y. K., Krstina, J., Le, T. P. T., Moad, G., Postma, A., Rizzardo, E., & Thang, S. H. (2003). 
Thiocarbonylthio compounds [S=C(Ph)S-R] in free radical polymerization with reversible 
addition-fragmentation chain transfer (RAFT polymerization). Role of the free-radical leaving group (R) 
Macromoelcules, 36, 2256-2272. http://dx.doi.org/10.1021/ma020882h 

Coates, J. (2000). Interpretation of infrared spectra, a practical approach in encyclopedia of analytical chemistry. 
John Wiley & Sons Ltd. 

Favier, A., & Charreyre, M. T. (2006). Experimental requirements for an efficient control of free-radical 
polymerizations via the reversible addition-fragmentation chain transfer (RAFT) process. Macromolecular 
Rapid Communications, 27, 653-692. http://dx.doi.org/10.1002/marc.200500839 

Georges, M. K., Veregin, P. R. N., Kazmaier, P. M., & Hamer, G. K. (1993). Narrow molecular-weight resins by a 
free-radical polymerization process. Macromolecules, 26, 2987-2988. 
http://dx.doi.org/10.1021/ma00063a054 

Gutiérrez-Pérez, R., Percino, J., Chapela, V. M., & Alvarez, C. (1999). Synthesis and characterization of 
(R)-(+)-α-methylbenzylmethacryloylamine. A novel and versatile monomer. Designed Monomers and 
Polymers, 2, 103-107. http://dx.doi.org/10.1163/156855599X00331 

Hao, X., Heuts, J. P. A., Barner-Kowollik, C., Davis, T. P., & Evans, E. (2003). Living free-radical 
polymerization (reversible addition-fragmentation chain transfer) of 
6-[4-(4'-methoxyphenyl)-phenoxy]hexyl methacrylate: a route to architectural control of side-chain 
liquid-crystalline polymers. Journal of Polymer Science Part A: Polymer Chemistry, 41, 2949-2963. 
http://dx.doi.org/10.1002/pola.10894 



www.ccsenet.org/jmsr Journal of Materials Science Research Vol. 1, No. 3; 2012 

104 
 

Kato, M., Kamigaito, M., Sawamoto, M., & Higashimura, T. (1995). Polymerization of methyl methacrylate with 
the carbon tetrachloride/dichlorotris- (triphenylphosphine) ruthenium(II)/Methylaluminum 
bis(2,6-di-tert-butylphenoxide) initiating system: possibility of living radical polymerization. 
Macromolecules, 28, 1721-1723. http://dx.doi.org/ 10.1021/ma00109a056 

Kurenkov, V., Grigor’eva, S., Kurenkov, A., & Lobanov, F. (2007). Copolymerization of acrylamide with 
ammonium acrylate in concentrated aqueous solutions. Russian Journal of Applied Chemistry, 80, 290-294. 
http://dx.doi.org/10.1134/S1070427207020243 

Kwak, Y., Goto, A., & Fukuda, T. (2004). Rate retardation in reversible addition-fragmentation chain transfer 
(RAFT) polymerization: further evidence for cross-termination producing 3-arm star chain. 
Macromolecules, 37, 1219–1225. http://dx.doi.org/10.1021/ma030434p 

Le, T. P., Moad, G., Rizzardo, E., & Thang, S. H. (1998). PCT Int. Pat. Appl. WO 9801478 Al. 

Li, C., & Benicewicz, B. C. (2005). α-Cyanobenzyl dithioester reversible addition-fragmentation chain-transfer 
agents for controlled radical polymerization. Journal of Polymer Science Part A: Polymer Chemistry, 43, 
1535-1543. http://dx.doi.org/10.1002/pola.20658 

Mayadunne, R. T. A., Rizzardo, E., Chiefari, J., Chong, Y. K., Moad, G., & Thang, S. H. (1999). Living radical 
polymerization with reversible addition-fragmentation chain transfer (RAFT polymerization) using 
dithiocarbamates as chain transfer agents. Macromolecules, 32, 6977-6980. 
http://dx.doi.org/10.1021/ma9906837 

Moad, G., Chiefari, J., Chong, Y. K., Krstina, J., Mayadunne, T. R. A., Postma, A., Rizzardo, E., & Thang, S. 
(2000). Living free radical polymerization with reversible addition-fragmentation chain transfer (the life of 
RAFT). Polymer International, 49, 993-1001. 
http://dx.doi.org/10.1002/1097-0126(200009)49:9<993::AID-PI506>3.0.CO;2-6 

Monteiro, M. J., & Brouwer, H. (2001). Intermediate radical termination as the mechanism for retardation in 
reversible addition-fragmentation chain transfer polymerization. Macromolecules, 34, 349-352. 
http://dx.doi.org/10.1021/ma001484m 

Mori, H., Nakano, S., & Endo, T. (2005). Controlled synthesis of poly(N-ethyl-3-vinylcarbazole) and block 
copolymers via RAFT polymerization. Macromolecules, 38, 8192-8201. 
http://dx.doi.org/10.1021/ma050918g 

Mota-Morales, J. D., Quintero-Ortega, I., Saldivar-Guerra, E., Luna-Barcenas, G., Albores-Velasco, M., Percino, 
J., Chalepa, V., & Ocampo, M. A. (2010). Mechanism and kinetics of the spontaneous thermal 
copolymerization of styrene/maleic anhydride. Experimental and simulation studies in the presence of 
4-oxo-TEMPO. Macromolecular Reaction Engineering, 4, 222-234. 
http://dx.doi.org/10.1002/mren.200900061 

Otsu, T., & Yoshida, M. (1982). Role of initiator-transfer agent-terminator (INIFERTER) in radical 
polymerizations–polymer design by organic disulfides as iniferters. Die Makromolekulare Chemie, Rapid 
Communications, 3, 127-132. http://dx.doi.org/10.1002/marc.1982.030030208 

Percec, V., & Narboiu, B. (1995). “Living” radical polymerization of styrene initiated by arensulfonyl chlorides 
and CuI(Bpy)nCl. Macromolecules, 28, 7970-7972. http://dx.doi.org/10.1021/ma00127a057 

Percino, M. J., Chapela, V. M., & Jiménez, A. (2004a). Free radical polymerization kinetics of monomers 
fuctionalized with -AsO(OH)2 in aqueous media. Journal of Applied Polymer Science, 482, 1662-1669. 
http://dx.doi.org/10.1002/app.20928 

Percino, M. J., Chapela, V. M., & Ortega-Martínez, R. (2004b). Synthesis, characterization and evaluation of 
nonlinear optical properties of chiral hydrobenzoin monomers. Designed Monomers and Polymers, 7, 
435-444. 

Percino, M. J., Chapela, V. M., Camacho, A., Soriano-Moro, G., & Cerón, M. (2011). Atom transfer radical 
polymerization of monomers containing amide and ester moieties monitored by dilatometric method. 
Journal Polymer Research, 18, 559-568. http://dx.doi.org/10.1007/s10965-010-9449-6 

Percino, M. J., Chapela, V. M., Santamaría, J. D., & Jiménez, A. (2007). Synthesis, characterization and 
polymerization of sodium p-methacryloylaminobenzylphosphonate monomer. Designed Monomers and 
Polymers, 10, 273-280. http://dx.doi.org/10.1163/1568555041872788 

Perrier, S., Barner-Kowollik, C., Quinn, J. F., Vana, P., & Davis, T. (2002). Origin of inhibition effects in the 
reversible addition fragmentation chain transfer (RAFT) polymerization of methyl acrylate. 



www.ccsenet.org/jmsr Journal of Materials Science Research Vol. 1, No. 3; 2012 

105 
 

Macromolecules, 35, 8300-8306. http://dx.doi.org/10.1021/ma0203445 

Sahnoun, M., Charreyre, M., Veron, L., Delair, T., & D’agosto, F. (2005). Synthetic and characterization aspects 
of dimethylaminoethyl methacrylate reversible addition fragmentation chain transfer (RAFT) 
polymerization. Journal of Polymer Science Part A: Polymer Chemistry, 43, 3551-3565. 
http://dx.doi.org/10.1002/pola.20813 

Saricilar, S., Knott, R., Barner-Kowollik, C., Davis, T. P., & Heuts, J. P. A. (2003). Reversible addition 
fragmentation chain transfer polymerization of 3-[tris(trimethylsilyloxy) silyl] propyl methacrylate. 
Polymer, 44, 5169-5176. http://dx.doi.org/10.1016/S0032-3861(03)00520-2 

Soriano-Moro, J. G., Percino, M. J., Chapela, V. M., & Guerrero-Santos, R. (2011). Using dilatometry in the 
reversible addition fragmentation transfer polymerization of N-(S)-(−)-α-methylbenzyl methacryloylamine. 
Journal of Polymer Research, 18, 1821-1827. http://dx.doi.org/10.1007/s10965-011-9589-3 

Vana, P., Davis, T. P., & Barner-Kowollik, C. (2002). Kinetic analysis of reversible addition fragmentation chain 
transfer (RAFT) polymerizations: conditions for inhibition, retardation, and optimum living polymerization. 
Macromolecular Theory and Simulations, 11, 823-835. 
http://dx.doi.org/10.1002/1521-3919(20021101)11:8<823::AID-MATS823>3.0.CO;2-R 

Wang, J. S., & Matyjaszewski, K. (1995a). Controlled/“living” radical polymerization. Atom transfer radical 
polymerization in the presence of transition-metal complexes. Journal of American Chemical Society, 117, 
5614-5615. http://dx.doi.org/10.1021/ja00125a035 

Wang, J. S., & Matyjaszewski, K. (1995b). Controlled/“living” radical polymerization. Halogen atom transfer 
radical polymerization promoted by a Cu((I)/Cu(II) redox process. Macromolecules, 28, 7901-7910. 
http://dx.doi.org/10.1021/ma00127a042 

Yáñez-Martínez, B. A., Percino, J., & Chapela, V. M. (2010). Water-Soluble Copolymers from functionalized 
monomers (sodium o- and p-methacryloylaminophenylarsonate): synthesis and characterization. Journal of 
Applied Polymer Science, 118, 2849-2858. http://dx.doi.org/10.1002/app.32448 

Yáñez-Martínez, B. A., Percino, J., Chapela, V. M., & Soriano-Moro, G. (2011). Solvent effects on 
polymerization of functionalized monomers in presence of alkyl halide/CuBr without a ligand. Journal of 
Polymer Research, 18, 601-613. http://dx.doi.org/10.1007/s10965-010-9454-9 

Yin, H., Zhu, X., Zhou, D., & Zhu, J. (2006). Reversible addition–fragmentation chain transfer polymerization of 
styrene with benzoimidazole dithiocarbamate as a reversible addition–fragmentation chain transfer agent. 
Journal of Applied Polymer Science, 100, 560-564. http://dx.doi.org/10.1002/app.23330 

Zayas, T., Percino, M. J., Cardoso, J., & Chapela, V. M. (2000). Novel water-soluble polyelectrolytes with 
arsonic acid group for flocculation application. Polymer, 484, 5505-5512. 
http://dx.doi.org/10.1016/S0032-3861(99)00718-1 

Zhang, W., Zhu, X., Zhou, D., Wang, X., & Zhu, J. (2005). Reversible addition-fragmentation chain transfer 
polymerization of 2-naphtyl acrylate with 2-cyanoprop-2-yl 1-dithionaphthalate. Journal of Polymer 
Science Part A: Polymer Chemistry, 43, 2632-2642. http://dx.doi.org/10.1002/pola.20746 

Zhu, J., Zhou, D., Zhu, X., & Chen, G. (2004b). Reversible addition-fragmentation chain transfer polymerization 
of glycidyl methacrylate with 2-cyanoprop-2-yl 1-dithionaphthalate as a chain-transfer agent. Journal of 
Polymer Science Part A: Polymer Chemistry, 42, 2558-2565. http://dx.doi.org/10.1002/pola.20119 

Zhu, J., Zhu, X., & Zhou, D. (2004b). "Living"/controlled free radical polymerization using bis(thionaphthoyl) 
disulfide as a source of RAFT agent. Journal of Macromolecular Science, Part A: Pure and Applied 
Chemistry, A41, 827-838. http://dx.doi.org/10.1081/MA-120037345 

Zhu, J., Zhu, X., Zhou, D., Chen, J., & Wang, X. (2004a). Study on reversible addition-fragmentation chain 
transfer (RAFT) polymerization of MMA in the presence of 2-cyanoprop-2-yl 1-dithiophenanthrenate 
(CPDPA). European Polymer Journal, 40, 743-749. http://dx.doi.org/10.1016/j.eurpolymj.2003.11.024 

 


