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ABSTRACT: Three novel iniferter reagents were synthe-
sized and used as initiators for the polymerizations of
methyl methacrylate (MMA) and styrene (St) in the pres-
ence of copper(I) bromide and N,N,N0,N00,N00-pentamethyl-
diethylenetriamine at 90 and 1158C, respectively. All the
polymerizations were well controlled, with a linear increase
in the number-average molecular weights during increased
monomer conversions and relatively narrow molecular
weight distributions (weight-average molecular weight/
number-average molecular weight � 1.36) throughout the
polymerization processes. The polymerization rate of MMA
was faster in bulk than that in solution and was influenced
by the different polarities of the solvents. A slight change
in the chemical structures of the initiators had no obvious

effect on the polymerization rates of MMA and St. The ini-
tiator efficiency toward MMA was lower than that toward
St. The results of 1H-NMR, matrix-assisted laser desorp-
tion/ionization time-of-flight mass spectrum analysis, and
chain-extension experiments demonstrated that well-
defined poly(methyl methacrylate) and polystyrene bearing
photolabile groups could be obtained via atom transfer rad-
ical polymerization (ATRP) with three iniferter reagents as
initiators. The polymerization mechanism for this novel ini-
tiation system was a common ATRP process. � 2007 Wiley
Periodicals, Inc. J Appl Polym Sci 106: 230–237, 2007
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INTRODUCTION

Controlled/living free-radical polymerization (LFRP)
has become the focus of extensive research in the
past few years.1–5 Through LFRP, the molecular
weights and molecular weight distributions of the
resulting polymers can be well controlled. The
iniferter technique was first developed by Otsu and
coworkers1,2,6 as a powerful method for synthesizing
well-designed functional polymers. Vinyl polymers
containing the N,N-diethyldithiocarbamate (DC) de-

rivative groups were synthesized by the radical poly-
merization of the corresponding monomers with an
iniferter reagent. However, the structures and com-
positions of the obtained polymers were poorly con-
trolled with relatively high molecular weight distri-
butions [weight-average molecular weight/number-
average molecular weight (Mw/Mn) > 1.50].2 Fortu-
nately, much significant progress has been made in
the development of controlled/living radical poly-
merizations, such as stable free-radical polymeriza-
tion,7,8 reversible addition–fragmentation chain trans-
fer polymerization,9–11 and atom transfer radical po-
lymerization (ATRP).12–15 Among them, ATRP may
be one of the most versatile living free-radical poly-
merization techniques because of its high degree of
compatibility with a wide range of functional mono-
mers, controllable macromolecular architectures with
low molecular weight distributions, functional end
groups, and mild reaction conditions.4,5

As one component of an ATRP system, the initiator
plays an important role because it will give rise to an
initiating radical species via homolytic cleavage of its
labile bond, such as a carbon–halogen bond, by the
catalysts.4,5 The initiating radical species resulting
from the initiator can initiate the polymerization of
the monomer. The fast initiation is vital to obtaining
well-defined polymers with narrow molecular weight
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distributions. Up to now, most of the initiators for
successful ATRP have been organic halides with a
potentially active carbon–halogen bond, and the
obtained polymers usually have halogen atoms in the
chain ends. Moreover, the dehalogenation of the ter-
minated polymers needs radical or ionic reactions,
and the reaction is incomplete.16,17

Qiu and coworkers18,19 focused on extending the
scope of ATRP initiators. In their studies, they first
successfully introduced C��C-type thermal iniferter
regents, such as 1,1,2,2-tetraphenyl-1,2-ethanediol,18

2,3-dicyano-2,3-diphenylsuccinate,20 and 2,3-dicyano-
2,3-di(p-tolyl) succinate,21 and a photoiniferter rea-
gent (tetraethylthiuram disulfide19) to ATRP system
as initiators. Therefore, it became possible to synthe-
size well-defined polymers with a DC group as the
end group, which can be used as a macroiniferter to
synthesize block copolymers via an iniferter tech-
nique. Qiu et al.16 also reported that the DC group
could be transferred by the mediation of the dor-
mant–active species equilibrium in the process of
ATRP. Recently, well-defined polymers bearing pho-
tolabile groups [N,N-(diethylamino)dithiocarbamoyl
(DC)] were prepared via an ATRP technique using
cuprous N,N-diethyldithiocarbamate [Cu(S2CNEt)]22

and a mixed-ligand copper(II) [Cu(S2CNEt)Cl].23

However, exchange reactions between the DC group
and the halogen atoms in the catalyst were found
because of the different bond lengths of Cu��S and
Cu��X (X ¼ Br or Cl).16,22,23 Ishizu and Kakinuma24

also synthesized nanocylinders consisting of graft
block copolymers by the photoinduced ATRP tech-
nique. We synthesized well-defined DC-ended poly
(methyl methacrylate) (PMMA), using copper(II)
N,N0-n-butyldithiocarbamate {Cu[SC(S)N(C4H9)2]2}

25

as a catalyst, and well-defined DC-ended polysty-
rene (PS), using ethyl 2-N,N-(diethylamino)dithiocar-
bamoyl butyrate (EDDCB)26 and (1-naphthyl)methyl
N,N-diethyldithiocarbamate (NMDC)27 as initiators
via ATRP. Moreover, in the styrene (St)/EDDCB/
copper(I) bromide (CuBr)/N,N,N0,N00,N00-pentame-
thyldiethylenetriamine (PMDETA)26 and St/NMDC/
CuBr/PMDETA27 systems, we found that almost no
exchange reactions occurred between the DC group
and the halogen atoms (Br or Cl) in the catalyst,
although the results were different from those
reported by Qiu and coworkers.16,22,23

In this work, we synthesized three novel iniferter
reagents with different structures and studied their
properties as initiators in ATRPs of methyl methac-
rylate (MMA) and St.

EXPERIMENTAL

Materials

St and MMA (chemically pure; Shanghai Chemical
Reagent Co., Shanghai, China) were washed with a

5% sodium hydroxide aqueous solution and then
with deionized water until neutralization. After
being dried with anhydrous sodium sulfate over-
night, the monomers were distilled under a vacuum
and stored at �188C. PMDETA (98%; Jiangsu Liyang
Jiangdian Chemical Factory, Jiangsu, China) was
dried with a 4-Å molecular sieve and distilled under
a vacuum. Copper(I) chloride (CuCl; analytical rea-
gent; Shanghai Zhenxin Chemical Reagent Factory,
Shanghai, China) was dissolved in hydrochloric acid,
precipitated into a large amount of deionized water,
filtered, washed with absolute ethanol, and dried
under a vacuum. CuBr (chemically pure; Shanghai
Chemical Reagent) was purified through washing
with acetic acid and acetone and then dried under a
vacuum. Toluene and anisole were distilled before
use. Tetrahydrofuran (THF; analytical reagent;
Shanghai Chemical Reagent) and methanol (commer-
cially available) were used as received. Carbon
disulfide, dibenzyl amine, diethylamine, 2,20-azobisi-
sobutyronitrile, tetraethylthiuram disulfide, sodium
hydroxide, and other reagents (analytical reagent;
Shanghai Chemical Reagent) were used as received.
2-(N,N-Diethyldithiocarbamyl) isobutyric acid ester
(DCIA),28 ethyl 2-N,N-(diethylamino)dithiocarbamoyl
isobutyrate (EDCIB), and ethyl 2-N,N-(dibenzylami-
no)dithiocarbamoyl isobutyrate (EBDCIB)29 were
synthesized according to the references, respectively.

DCIA (C9H16N2S2).
1H-NMR (CDCl3, d, ppm):

3.66–3.98 (m, 4H), 1.89–1.92 (s, 6H), 1.26–1.30 (s, 6H).
ANAL. Calcd: C, 49.96%; H, 7.54%; N, 12.95%. Found:
C, 50.13%; H, 7.57%; N, 12.80%.

EDCIB (C11H21NO2S2).
1H-NMR (CDCl3, d, ppm):

4.17–4.22 (m, 2H), 3.69–3.95 (m, 4H), 1.73–1.89 (s, 6H),
1.23–1.30 (s, 9H). ANAL. Calcd: C, 50.15%; H, 8.04%; N,
5.32%. Found: C, 50.23%; H, 8.37%; N, 5.10%.

EBDCIB (C21H25NO2S2).
1H-NMR (CDCl3, d, ppm):

7.19–7.52 (s, 10H), 4.64–5.02 (m, 4H), 4.18–4.23 (m, 2H),
1.21–1.31 (s, 9H). ANAL. Calcd: C, 65.08%; H, 6.50%; N,
3.61%. Found: C, 65.11%; H, 6.47%; N, 3.53%.

The purities of the aforementioned compounds
were characterized with a Waters 515 high-perform-
ance liquid chromatograph and were all above 99%.

Characterization

The molecular weights and molecular weight distri-
butions of the polymers were determined with a
Waters 1515 gel permeation chromatography (GPC)
instrument equipped with a refractive-index detector
and using HR1, HR3, and HR4 columns with a molec-
ular weight range of 100–500,000 g/mol calibrated
with PMMA or PS standard samples. THF was used
as the eluent solvent at a flow rate of 1.0 mL/min and
at 308C. 1H-NMR spectra of the polymers were
recorded on an Inova 400-MHz NMR instrument
with CDCl3 as the solvent and tetramethylsilane as
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the internal standard. The elemental analyses for C,
H, and N were performed on a Leco CHNS microana-
lyzer. The matrix-assisted laser desorption/ionization
time-of-flight (MALDI-TOF) mass spectra were
obtained with a Biflex II (Bruker, Germany) equipped
with a nitrogen laser (k ¼ 337 nm). The accelerating
voltage was 19 kV. A stainless steel target was used as
the MALDI substrate, and Agþ was used as the catio-
nizing agent. The purity of the products was deter-
mined on a Waters 515 high-performance liquid chro-
matograph with a mixed solvent of methanol and
water as the eluent solvent at a ratio of 80 : 20 (v/v),
and the column temperature was 308C.

General procedures of the polymerization

A typical ATRP procedure can be described as fol-
lows: A solution of MMA (2 mL, 18.9 mmol) and
DCIA (0.0205 g, 0.0945 mmol) was added to a dry
glass tube filled with CuBr (0.0272 g, 0.0189 mmol)
and PMDETA (0.12 mL, 0.0567 mmol) with a prede-
termined molar ratio ([MMA]0/[DCIA]0/[CuBr]0/
[PMDETA]0 ¼ 200 : 1 : 2 : 6) under an argon atmos-
phere. Then, the mixture was degassed under a vac-
uum and charged with argon (five times). The glass
tube was sealed under argon and was placed in an
oil bath held by a thermostat at 908C. At timed inter-
vals, the tube was cooled in ice water to stop the po-
lymerization. Afterwards, the tube was opened, and
the contents were dissolved in THF; the solution
was passed through a neutral Al2O3 column with
THF as the eluent solvent to remove the catalyst and
precipitated into a large amount of methanol. The
samples were dried to a constant weight at 508C.
The conversion of the monomer was determined by
gravimetry. A similar procedure was conducted for
all the polymerizations.

Photopolymerization

The PMMA obtained as described previously was
dissolved in fresh MMA with a predetermined molar

ratio ([MMA]0/[Macroinitiator]0 ¼ 200 : 1). After the
degassing process was performed five times, the
tube was sealed under argon and was left to stand
under a 250-W high-pressure mercury lamp from a
distance of 15 cm at room temperature. At the deter-
mined time, the tube was removed. The reaction
mixture was treated according to the previously
described procedures.

RESULTS AND DISCUSSION

ATRPs of MMA

In recent years, some iniferter reagents have been
expanded to be used as initiators in ATRP to synthe-
size well-defined polymers bearing DC groups.24,26,27

In this work, three novel iniferter reagents, DCIA,
EDCIB, and EBDCIB (Scheme 1), were used as initia-
tors to initiate the polymerization of MMA at 908C,
and the results are presented in Table I and Figures
1 and 2. The results of comparison experiments in
Table I show that the monomer conversion was only
3.89% in 120 min in the MMA/EDCIB system, and
this indicated that EDCIB could not initiate the poly-
merization of MMA alone at 908C; the thermal-initia-
tion polymerization of MMA was also negligible.
The cause is the fact that EDCIB is a photoiniferter,
not a thermal iniferter. The polymerization of MMA
was successfully carried out in bulk or in solution
when EDCIB/CuBr/PMDETA was used as an initia-
tion system, and the molecular weight distributions
of the obtained polymers were also relatively narrow
(Mw/Mn ¼ 1.19–1.24). The existence of a catalyst
(CuBr/PMDETA) improved the C��S bond dissocia-
tion by the coordination of copper with the initiator
through a Cu��S bond.30,31 The polymerization rate
in solution was slower than that in bulk because of
the lower concentration of the initiator in solution.
The faster polymerization rate in anisole versus that
in toluene was attributed to the different homogene-
ities of the reaction system in different solvents, and
this was consistent with the results reported.26,32 As

Scheme 1 Chemical structures of DCIA, EDCIB, and EBDCIB.
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shown in Table I and Figure 2, the Mns were higher
than the theoretical number-average molecular
weights (Mn(th)s) determined with the following
equation: Mn(th) ¼ ([M]0/[I]0) 3 MM 3 Conversion þ
MI, where [M]0 and [I]0 are the initial concentrations
of the monomer and initiator, respectively, and MM

and MI are the molecular weights of the monomer
and initiator, respectively. This indicated that the ini-
tiator efficiencies (Mn(th)/Mn) were relatively low.
We also changed the molar ratios between the
monomer and other components and carried out
similar experiments at other temperatures (80 and
1008C); however, the initiator efficiency was not
obviously elevated. That Mn was higher than Mn(th)

predicted by [M]0/[I]0 indicated either inefficient ini-
tiation or chain coupling (at most, one twice higher
than the predicted Mn(th) can be formed by bimolec-
ular radical coupling).33 Okamoto et al.34 reported
similar results. As shown Figure 1, the linearity of

the semilogarithmic plots of ln [M]0/[M] versus the
polymerization time indicated that the polymeriza-
tions were pseudo-first-order with respect to the
monomer in all cases. Figure 1 shows that the slight
change in the chemical structures of the initiators
had no obvious effect on the polymerization rates of
MMA. As shown in Figure 2, the Mn(GPC)s of PMMA
increased linearly with the monomer conversions.
This evidence together with the narrow molecular
weight distributions of the polymers (Mw/Mn � 1.36
in all cases) indicated that well-defined PMMA
could be obtained via ATRP initiated by these
systems.

ATRPs of St

In our previous studies, we found that initiators
bearing DC groups or DC derivative groups, such as
EDDCB,26 NMDC,27 and BDC,35 were highly efficient
initiators for ATRP of St. To further investigate the

Figure 1 Kinetics of the solution ATRPs of MMA at 908C
with anisole as a solvent initiated by three different initia-
tors (polymerization conditions: [MMA]0/[I]0/[CuBr]0/
[PMDETA]0 ¼ 200 : 1 : 2 : 6; MMA/anisole ¼ 1/1 (v/v).

Figure 2 Dependence of the molecular weight and the
molecular weight distribution (Mw/Mn) on the monomer
conversion for the solution ATRPs of MMA in anisole. For
the polymerization conditions, see Figure 1.

TABLE I
Results of Comparison Experiments for the Polymerization of MMA

Initiated by EDCIB

[MMA]0/[EDCIB]0/
[CuBr]0/[PMDETA]0

Time
(min)

Conversion
(%) Mn(GPC) Mn(th) Mw/Mn

200 : 1 : 0 : 0a 40 Trace — — —
120 3.89 <105 — —

200 : 1 : 2 : 6a 20 46.25 27,600 9,500 1.21
40 68.72 32,800 13,900 1.22

200 : 1 : 2 : 6b 20 14.31 20,300 3,100 1.19
40 29.14 23,500 6,000 1.20

200 : 1 :2 : 6c 20 24.27 20,500 5,100 1.20
40 43.02 22,500 8,800 1.24

The polymerization temperature was 908C.
a [MMA]0 ¼ 9.46 mol/L.
b [MMA]0 ¼ 4.73 mol/L; MMA/toluene ¼ 1/1 (v/v).
c [MMA]0 ¼ 4.73 mol/L; MMA/anisole ¼ 1/1 (v/v).
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properties of this kind of initiator, the polymeriza-
tions of St initiated by different systems were carried
out, and the results are presented in Table II. From
Table II, we can see that the polymerizations could
occur only in the presence of EDCIB without the
CuBr/PMDETA system; however, almost no PMMA
was obtained in a similar system presented previ-
ously (Table I). This observation could be ascribed to
the fact that the thermal-initiation polymerization of
St was easier than that of MMA because the mono-
mer radicals from St are more easily produced than
those from MMA;36–39 moreover, the three iniferter
reagents in this article are photoiniferters, not ther-
mal iniferters, so they mainly produce radicals under
ultraviolet (UV)-irradiation conditions without other
catalysts.2 The molecular weights were much higher
than the theoretical ones, and the value of the molec-
ular weight distribution was high (Mw/Mn ‡ 1.78) in
the St/EDCIB system; this indicated that the poly-
merization was uncontrolled. When the catalyst
(CuBr/PMDETA) was added to the system, the
polymerization of St was carried out via an ATRP
mechanism. The polymerization rate of St in the
EDCIB/CuBr/PMDETA system was faster than that
in the St/EDCIB system. The effect of the chemical
structures of the initiators on the polymerization of
St was also negligible. Moreover, the molecular
weights of the obtained polymers were close to the
theoretical values, and this indicated a high initiator
efficiency. The molecular weight distributions of the
synthesized polymers in the presence of the catalyst
were very narrow in all cases (Mw/Mn ¼ 1.05–1.11).
From Table II, we also can see that the polymeriza-
tion rate decreased with the polymerization tempera-
ture, and almost no polymer was obtained in 16 h
when the reaction temperature decreased to 908C
([St]0/[DCIA]0/[CuBr]0/[PMDETA]0 ¼ 100 : 1 : 2 :
6). Therefore, for this polymerization system, the

reaction temperature should not be below 908C.
These results indicated that the polymerizations of St
initiated by EDCIB (EBDCIB or DCIA)/CuBr/
PMDETA systems were well controlled.

End-group analysis of the polymer
and chain extension

According to our reported results,26,27,35 there were
almost no exchange reactions between the DC group
and the halogen atoms in the catalyst system. To
further confirm this conclusion, we also prepared
well-defined PMMA samples, using EBDCIB/CuBr
(CuCl)/PMDETA systems, and PS samples, using
DCIA/CuBr (CuCl)/PMDETA systems. The samples
were both characterized by 1H-NMR spectroscopy,
as shown in Figures 3 and 4. We chose EBDCIB as
the initiator to synthesize PMMA because the chemi-
cal shifts of phenyl could be seen clearly in the 1H-
NMR spectroscopy of PMMA and were not affected
by other signals. As shown in Figure 3, the signals at
d ¼ 7.01–7.52 ppm correspond to the phenyl of the
initiator, and the chemical shifts at d ¼ 4.75–5.40 ppm
due to the methylene protons of N,N-(dibenzylami-
no)dithiocarbamoyl [��S2CN(CH2Ph)2] were all seen
clearly. In Figure 4, we also can see the correspond-
ing signals at 3.40–4.20 ppm (b), which are assigned
to the methylene protons of the diethylthiocarba-
moylthiyl group [��S2CN(CH2CH3)]. The chemical
shifts at d ¼ 4.60–5.21 ppm (a) are ascribed to the St
unit adjacent to the terminal DC group, which
departed from the repeated units in the main chain
because of the effect of an x-DC end group. In these
two systems, the same results were obtained when
the catalyst was the CuCl/PMDETA complex. These
data demonstrate the existence of the DC groups at
the end of the polymer chains under different exper-
imental conditions. About the question of halogen-

TABLE II
Results for the Bulk Polymerization of St Initiated by Different Systems

[St]0/[I]0/[CuBr]0/
[PMDETA]0

Temperature
(8C)

Time
(h)

Conversion
(%) Mn(GPC) Mn(th) Mw/Mn

100 : 1 : 0 : 0a 115 6 40.93 32,000 4,200 1.84
16 69.26 33,500 7,500 1.78

100 : 1 : 2 : 6a 115 6 69.17 8,100 7,400 1.06
16 99.76 11,400 10,600 1.11

100 : 1 : 2 : 6b 115 6 69.54 8,000 7,500 1.06
16 99.87 11,500 10,700 1.07

100 : 1 : 2 : 6c 115 6 68.79 7,900 7,300 1.05
16 99.39 12,700 10,600 1.07

100 : 1 : 2 : 6c 100 16 31.37 3,600 3,300 1.08
100 : 1 : 2 : 6c 90 16 Trace — — —

The initial St concentration was 8.68 mol/L.
a EDCIB.
b EBDCIB.
c DCIA.
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exchange reactions, different research groups have
presented different results. Sawamoto et al.40 and
Matyjaszewski et al.41 both reported a mixture of Cl
and Br in the x-end groups; however, Haddleton
et al.42 found results differing from our results. In
our research system, no similar exchange reactions
were found, and this may have been influenced by
the different reaction conditions.

As we know, MALDI-TOF mass spectrometry has
been recently employed for the analysis of polymers
obtained by LFRP techniques to provide structural
and molecular mass information that is not obtain-

able by other analytical methods.43–46 The molecular
weight of the polymer sample used in MALDI-TOF
analysis is usually relatively low to enhance its accu-
racy.43 Therefore, we selected PS sample prepared
with the DCIA/CuBr(CuCl)/PMDETA system to
conduct MALDI-TOF experiments because a PS sam-
ple with a low molecular weight was easier to syn-
thesize than PMMA in this case. In Figure 5, the
MALDI-TOF mass spectrum of PS is presented and
shows only one distribution consisting of a number
of peaks with a peak-to-peak mass increase of about
104 g/mol, corresponding to the molar mass of the
monomer unit, in the range of experimental error
(64 amu in a linear mode).45 However, the mass val-

Figure 4 1H-NMR spectroscopy (400 MHz) of PS pre-
pared with the DCIA/CuBr/PMDETA system in bulk
([St]0/[DCIA]0/[CuBr]0/[PMDETA]0 ¼ 50 : 1 : 2 : 6) at
1158C (CDCl3; sample Mn(GPC) ¼ 4400; sample Mw/Mn ¼
1.12).

Figure 5 MALDI-TOF mass spectrum of PS. PS was syn-
thesized with the DCIA/CuBr/PMDETA system as the ini-
tiating system ([St]0/[DCIA]0/[CuBr]0/[PMDETA]0 ¼ 50 :
1 : 2 : 6) in bulk at 1158C (time ¼ 5 h; conversion ¼
80.20%; Mn(th) ¼ 4400).

Figure 3 1H-NMR spectroscopy (400 MHz) of PMMA initiated with the EBDCIB/CuBr/PMDETA system in anisole at
908C (in CDCl3; [MMA]0/[EBDCIB]0/[CuBr]0/[PMDETA]0 ¼ 200 : 1 : 2 : 6; MMA/anisole ¼ 1 : 1 (v/v); sample Mn(GPC) ¼
26,900; sample Mw/Mn ¼ 1.25).
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ues indicated that the PS samples carried not DC
groups but an olefin, and this agreed with the values
for {[(CH3)2(CN)��(St)n�1CH¼¼CHPh]/Ag}þ. As al-
ready shown by 1H-NMR spectra (Fig. 4), the unsat-
urated x-end does not result from side reactions
during the process of polymerization but is due to
the decomposition of the DC terminus of PS samples
under laser ionization, as reported.43 Furthermore,
the molecular weight values obtained by NMR
(Mn(NMR) ¼ 4500 g/mol, calculated from Fig. 4),
MALDI-TOF (Mn ¼ 4300 g/mol), and GPC (Mn(GPC)

¼ 4400 g/mol) were consistent with the theoretical
value (Mn(th) ¼ 4400 g/mol). The other PS sample
obtained with the DCIA/CuCl/PMDETA system
also was investigated with MALDI-TOF analysis,
and the results were similar to those already men-
tioned. These observations led us to conclude that
the polymerization of St was well controlled.

Another method for proving the existence of DC
and DC derivatives was the chain-extension experi-
ment under UV-light-irradiation conditions. The
obtained PMMA samples were used as macroinifert-
ers to carry out the chain-extension experiments
under UV irradiation, and the results are exhibited in
Figure 6. Mn of the synthesized polymers increased
from 26,900 to 86,900 g/mol, and this confirmed the
presence of DC groups. The increases in the molecu-
lar weight distribution values from 1.25 to 1.78 could
be attributed to the side reactions under UV-irradia-
tion conditions and some terminated chains in
macroiniferters.26,27,35

Mechanism of polymerization

On the basis of the data above, a possible polymer-
ization mechanism is depicted in Scheme 2. As pre-
sented in Scheme 2(I), the redox reaction of the ini-
tiator and Cu(I) species results in a free radical,
which initiates the monomer and produces a mono-

mer radical in the initiating step. The following
propagation is well controlled because of a low and
stationary concentration of actives species resulting
from the fast dynamic equilibrium between the
active and dormant species. In this equilibrium, DC
or a DC derivative group acts as a transfer atom
instead of a halogen atom (X ¼ Br or Cl). As shown
in Scheme 2(II), side reactions are avoided, as pro-
ven by the reported results. Therefore, the mecha-
nism of polymerization is a common ATRP process,
as reported by Sawamoto et al.4 and Matyjaszewski
and Xia.5

CONCLUSIONS

Well-defined PMMA and PS bearing photolabile
groups were successfully synthesized via ATRPs of
MMA and St initiated by three novel initiators. The
effects of different chemical structures of the initia-
tors on the polymerization of MMA and St were
negligible. The polymerization rate of MMA in tolu-
ene was slower than that in anisole. The initiator ef-
ficiency of this kind of initiator to MMA was lower
than that to St. Exchange reactions between the DC
group and the halogen atoms (Br or Cl) in the cata-
lyst were not found.
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