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The radical polymerizations of acrylamide (AM) and N,N'-dimethyl acrylamide
(DMAA) were carried out in the presence of combined Lewis acids of AlCl3-FeCl2
system. Comparing with the polymerization produced in a single Lewis acid 

system of AlCl3 or FeCl2, the AM polymerization catalyzed by a combined AlCl3-FeCl2
composite in CHCl3 produced a polymer with higher isotacticity (m = 36%). The DMAA
polymerization in the presence of AlCl3-FeCl2 composite produced a polymer of higher
isotacticity (m = 83%) in CHCl3 and a much higher isotacticity (m = 91%) in toluene.
The molecular weight and polydispersity of PAM and PDMAA show identical results
whether polymerized in the presence or absence of Lewis acids. The combined Lewis
acids showed great isotacticity in a lower polar solvent and the stereochemistry of the
polymerization was clearly affected by the molar ratio of combined Lewis acids (AlCl3-
FeCl2). The polymerization of AM in the presence of 0.03-0.03 mol/L AlCl3-FeCl2
composite system gave a polymer with dyad tacticity of 59/41 (m/r), the polymerization
of DMAA in the presence of 0.015-0.015 mol/L AlCl3-FeCl2 composite system gave a
polymer with dyad tacticity of 95/5 (m/r). Furthermore, the isotactic specificity of 
combined Lewis acids on AM and DMAA were also influenced by aging temperature
and aging time. The optimum aging temperature of polymerization was 80°C, and the
optimum aging time was 1 h.

INTRODUCTION

Stereocontrol during polymeriza-
tion is one of the most favourable
chemical reactions employed in
both industry and laboratory scale
chemical productions, because it
can convey a wide variety of vinyl
monomers into high molecular
weight polymeric materials in 
solvents, of even large amounts of
water and polar compounds [1,2].
Radical polymerization is the most
versatile process that can be
applied to almost all vinyl

monomers, and many industrial
polymers such as polystyrene,
poly(vinyl chloride), polyacrylates
[3] and polyacrylamide [4,5] are
produced by this process.
However, radical polymerization
has been much less successful at
attaining control over chain
microstructure in terms of
sequence distribution and tacticity,
because the sp2-planar or planar-
like propagating radical species
generally do not support efficient
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methods for propagation [6]. It creates equal opportu-
nity of meso and racemic addition [7] and therefore
leads to atactic polymers.

Therefore, a more general method for controlling
the tacticity during radical polymerization continues
to be highly desired. Until recently, the influence of
Lewis acids on the stereochemistry during radical
homopolymerization has been reported [8,9], for
example, magnesium bromide [10] and lanthanide 
triflates [11-14] can form complexes with alkenes
containing electron-withdrawing groups such as
(meth)acrylates, and that interact simultaneously with
several coordination sites can increase the isotacticity
of polyacrylamides [1], poly(methacrylate)s [11] and
poly(methacrylamide)s [15]. Coordination of the
Lewis acid with the last two segments of a growing
polymer chain forces them into the meso configura-
tion during the monomer addition which results into
isotactic polymer formation. 

Stereocontrol over conventional radical polymer-
ization using Lewis acids was first reported by
Okamoto et al. [1,15,16]. They reported the synthesis
of highly stereocontrolled poly(methacrylate)s,
poly(acrylamide)s and poly(methacrylamide)s
through radical polymerization using Lewis acids
such as rare earth metal trifluoromethanesulphonates.
A catalytic amount of Lewis acids, such as yttrium
trifluoromethanesulphonate (Y(OTf)3) and ytterbium
trifluoromethanesulphonate (Yb(OTf)3), significantly
enhanced the isotactic-specificity during the radical
polymerization of acrylamide and its derivatives, N-
isopropylacrylamide (NIPAM) and N,N'-dimethyl-
acrylamide [1,16]. The dyad tacticity of
poly(NIPAM) obtained in the polymerization with a
catalytic amount of Y(OTf)3 in methanol (60°C) was
80%. The isotactic content of the polymer obtained in
the presence of Y(OTf)3 in methanol at lower temper-
ature (-20°C) remarkably increased and reached 92%,
when 0.2 equivalent of Lewis acid to the monomer
was used. The polyacrylamide (PAM) obtained with
Yb(OTf)3 in methanol at 0°C was rich in isotacticity
(mm = 65%). In comparison, the isotactic content of
poly(DMAA) was increased by 38% using Yb(OTf)3
or Y(OTf)3 at 60°C. The polymer with m = 88% was
obtained in a polymerization process with Yb(OTf)3
at 0°C.

Su et al. [17] reported PAM with controlled

molecular weight and high tacticity in the presence of
dibenzyl trithiocarbonate (DBTTC) and Y(OTf)3.
The isotactic sequence of dyads (m), triads (mm) and
pentads (mmmm) in PAM were 70.32%, 50.95% and
29.97%, respectively. The stereospecific atom trans-
fer radical polymerization of acrylamide was also
achieved in the presence of Lewis acid Y(OTf)3 or
AlCl3 as stereospecific catalysts by Jiang et al. [18].
The addition of Y(OTf)3 in the ATRP of acrylamide
led to an improved tacticity of polyacrylamide
(m~71%) at the expense of controllability of the
molecular weight distribution. In the case of AlCl3,
the polymerizations were committed to afford the
resultant polyacrylamide with lower polydispersity
index ranging from 1.03 to 1.42 and well-controlled
tacticity with increasing meso content by 19%
depending on reaction conditions employed.

In sharp contrast to ionic and coordination poly-
merizations, the control of stereochemistry during
radical polymerization has been considered to be
much more difficult. According to literature survey,
only single Lewis acids are used for the tacticity 
control of acrylamides. Lewis acids of certain metal
salts can coordinate to the carbonyl groups in polar
monomers, sometimes forming a complex via a 
coordinative bond to change the reactivity of the
monomers. We have reported the clear effect of 
combined Lewis acids (AlCl3-FeCl2) on the stereo-
specific radical polymerization of MMA [19]. Here
for the first time we report the tacticity control of 
radical polymerization of AM and DMAA in 
presence of AlCl3-FeCl2 composite. The isotactic
content of PAM and PDMAA obtained in the 
presence of these combined Lewis acids is highly
increased. 

EXPERIMENTAL

Materials 
Acrylamide (purity > 99%, Dongguan Zhongyue
Chemical Co., China) was recrystallized before use.
N,N-Dimethylacrylamide (purity > 99%, Wuhan
Xinyuan Science & Technology Development Co.,
China) was distilled under reduced pressure before
use. Iron dichloride tetrahydrate (FeCl2.4H2O) and
aluminium trichloride (AlCl3, purity > 99%,
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Shanghai Fuyu Biotechnology Co., China) were 
commercially obtained and used as received. a,a'-
Azobisisobutyronitrile (AIBN, Wuhan Co., China),
toluene (Yantai Sanhe Chemical Reagent Co., China),
tetrahydrofuran (THF, Tianjin Bodi Chemical
Reagent Co., China), CHCl3 and ethanol (Yantai
Sanhe Chemical Reagent Co., China) were also used
as received.

Polymerization
Aluminium trichloride (AlCl3) (0.04 g, 0.3 mmol),
iron dichloride tetrahydrate (FeCl2.4H2O) (0.06 g, 
0.3 mmol), distilled acrylamide (AM) (1.07 g, 
28.3 mmol) and CHCl3 (30 mL)/distilled N,N-
dimethylacrylamide (DMAA) (2.92 mL, 28.3 mmol)
and toluene (30 mL) were added to a glass tube. The
glass tube was closed with a septum and thoroughly
purged by flushing with nitrogen, and then the reac-
tion mixtures were aged for 1 h at 80°C. Then the
CHCl3 solution of AIBN (0.03 g, 0.18 mmol) was
added by an injector. The mixture was then placed in
an oil bath at 80°C for a desired period. The reaction
mixture was cooled to ambient atmospheric tempera-
ture. Subsequently, PAM product was dissolved in
water and precipitated in ethanol, and PDMAA
product was precipitated in cyclohexane. The final
product was dried overnight at 40°C under vacuum.

Characterization
The 1H NMR spectra were recorded using a Varian

Unity-500 spectrometer (USA) in CDCl3 and D2O,
operating at 500 MHz. The dyad tacticity of PAM was
determined on the basis of the spectral peaks of the
methylene group. The dyad and triad tacticities of
PDMAA were determined on the basis of the peaks
due to methylene and amido methyl groups of 1H
NMR spectra. The number-average molecular weight
(Mn) and polydispersity (Mw/Mn) of the polymers
were determined by gel permeation chromato-graphy
(GPC) in tetrahydrofuran (THF) on a Waters 510 
differential refractometer (USA) and a Viscotek T50
differential viscometer (USA). Tetrahydrofuran was
used as the eluent, and the flow rate was 1.00 mL/min.
A solution of 0.05% NaN3/H2O was used as an eluent
at a flow rate of 0.6 mL/min for PAMs.

RESULTS AND DISCUSSION 

Type of Lewis Acids and the Resultant Tacticity of
PAM and PDMAA
The polymerization of AM was carried out in CHCl3
at 80°C with a,a'-azobisisobutyronitrile (AIBN) in the
presence of AlCl3, FeCl2 and AlCl3-FeCl2 mixtures to
examine the effects of these Lewis acids on the 
reaction stereochemistry. The polymerization of
DMAA was carried out in toluene at 80°C with a,a'-
azobisisobutyronitrile (AIBN) in the presence of
AlCl3, FeCl2 and AlCl3-FeCl2 mixtures to examine
the effects of these Lewis acids on the reaction 
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Entry Monomer Lewis
acid

[Lewis acid]0
(mol·L-1)

Mn×10-4

(g·mol-1)
Mw/Mn Conversion

(%)
Tacticityc (%)

m(mm)

1
2
3
4
5
6 
7
8

AM
AM
AM
AM
DMAA
DMAA
DMAA
DMAA

None
AlCl3-FeCl2
AlCl3
FeCl2
None
AlCl3-FeCl2
AlCl3
FeCl2

None
0.01/0.01
0.01
0.01
None
0.01/0.01
0.01
0.01

1.67
1.15
1.75
1.55
1.05
1.01
1.06
0.92

2.02
1.58
1.80
1.99
1.26
1.13
2.02
2.59

85
92
88
89
76
20
68
56

15
36
22
18
52(20)
91(67)
59(23)
52(22)

Table 1. Effect of Lewis acids on the free radical polymerizations of MMAa and DMAAb.

(a) Polymerization at 80°C for 24 h in CHCl3; [AM]0 = 0.943 mol·L-1; initiator = AIBN, [AIBN]0 = 0.6×10-3 mol·L-1; (b) polymerization at 80°C
for 24 h in toluene; [DMAA]0 = 0.943 mol·L-1; initiator = AIBN, [AIBN]0 = 0.6×10-3 mol·L-1; (c) measured by 500 MHz 1H NMR in D2O at
23°C for AM, and 500 MHz 1H NMR in CDCl3 at 23°C for DMAA.



Figure 1. 1H NMR Spectra of PAM prepared: (a) in the
absence of Lewis acid (entry 1 in Table 1), (b) in the 
presence of 0.01 mol/L AlCl3 (entry 3 in Table 1), (c) in the
presence of 0.01 mol/L FeCl2 (entry 4 in Table 1) and (d) in
the presence of 0.02 mol/L AlCl3-FeCl2 (entry 2 in Table 1)
by polymerization in toluene with AIBN at 80°C (D2O;
23°C).

stereochemistry.
Table 1 presents the conditions and results on the

effect of the type of Lewis acids on the tacticity of
PAM and PDMAA. In all the entries, the amount of
Lewis acid was about 1% of monomer (mol) content.
The conversions of DMAA in the presence of AlCl3
and FeCl2 were 68% and 56%, respectively, which
were higher than that converted in the presence of
AlCl3-FeCl2 composite. The conversion of monomer
in the absence of Lewis acids was higher than their
presence. Comparatively, the conversion of AM in
the presence of AlCl3-FeCl2 composite system was
higher than the conversion in presence of AlCl3 and
FeCl2 as separate catalysts. Similarly, the conversion
of monomer in the presence of Lewis acids was also
higher than that in the absence of Lewis acids.  

However, the isotactic content of PAMs and
PDMAAs were increased in all Lewis acid systems
under study. AlCl3-FeCl2 composite system led to the
highest isotacticity achieved.

Figure 1 displays the 1H NMR spectra of PAM
samples obtained on a 500 MHz instrument. The 
samples were prepared in the absence and presence of

AlCl3, FeCl2 and AlCl3-FeCl2 composite systems.
For PAM samples, the spectrum could be analyzed in
one main region: 1.7-0.9 ppm (2H) representative of
the backbone methylene protons. An examination of
the region of the methylene protons enables one to
calculate the proportion of meso and racemic dyads
and estimate the degree of isotacticity in the polymer
[18,20]. In the signal from the meso dyads, the two
methylene protons are not equivalent and lead to two
broad peaks centered at 1.60 and 1.20 ppm 
whereas, the methylene protons of racemic dyads are 
equivalent and resonate as a single broad peak at 
1.40 ppm. This latter peak overlaps with the meso
peak at 1.60 ppm. However, the meso peak at 
1.20 ppm is clearly separated; therefore, the fraction
of meso dyads is equal to twice its integration 
divided by the integration of the whole region 1.7-
0.9 ppm. The NMR studies indicate that the use of
Lewis acids was effective in changing the 
stereochemistry of the AM polymerization.

The isotactic specificity of the polymers prepared
in the presence of Lewis acids (Table 1, entries 2, 3
and 4) was higher than in the absence of Lewis acids
(Table 1, entry 1). The isotactic specificity of PAM
obtained in the presence of AlCl3-FeCl2 composite
system in CHCl3 were far higher than its absence
(15% m) (Table 1, entry 1). The m dyads of the 
polymers obtained in the presence of AlCl3-FeCl2
composite system (36% m) (Table 1, entry 2) was
higher than the separate system of AlCl3 (22% m) 
and FeCl2 (18% m) (Table 1, entries 3 and 4).
Therefore we could say that AlCl3-FeCl2 composite
system (Table 1, entry 2) is effective in changing the
iso-stereochemistry of the polymerization of AM, and
the effects of FeCl2 (Table 1, entry 4) and AlCl3
(Table 1, entry 3) are weaker than AlCl3-FeCl2
composite system. In AlCl3-FeCl2 system, the 
isotactic specificity of the polymers reached 36%
(Table 1, entry 2), while the concentration of AlCl3-
FeCl2 composite system was only 2% of AM content.

Figure 2 displays the 1H NMR spectra obtained
from PDMAA samples on a 500 MHz instrument.
The samples were prepared in the absence and 
presence of AlCl3, FeCl2 and AlCl3-FeCl2 composite
systems. For PDMAA samples, the spectrum could
be analyzed in two main regions: 3.1-2.8 ppm (6H) is
representative of the methyl protons of the amide 
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Figure 2. 1H NMR Spectra of PDMAA prepared: (a) in the
absence of Lewis acid (entry 5 in Table 2), (b) in the 
presence of 0.01 mol/L AlCl3 (entry 7 in Table 2), (c) in the
presence of 0.01 mol/L FeCl2 (entry 8 in Table 2) and (d) in
the presence of 0.02 mol/L AlCl3-FeCl2 (entry 6 in Table 2)
by polymerization in toluene with AIBN at 80°C (CDCl3;
23°C).

function and 1.7-0.9 ppm (2H) representative of the
backbone methylene protons [7,21]. An examination
of the region of the methylene protons enables one to
calculate the proportion of meso and racemic dyads
and estimate the degree of isotacticity in the polymer
[22-24]. Tacticity can be also assessed by the analysis
of the NMR signal of the amido methyl protons. The
methyl protons cis and trans to the carbonyl group are
not equivalent. The signals of both methyl groups are
sensitive to chain configuration, splitting into three
peaks due to triad sequences. According to Roman et
al. [24], the broad region 2.9-2.6 ppm contains three
cis triads, mm + mr + rr, and two trans triads, mr + rr.
The separate region 3.1-2.9 ppm is representative
only of the trans mm triad. Therefore, the fraction of
isotactic triads in the polymer is equal to twice the
integration of the region 3.1-2.9 ppm divided by the
integration of the whole region 3.1-2.6 ppm.

The isotactic specificities of the polymers 
prepared in the presence of Lewis acids (Table 1,
entries 6, 7 and 8) were higher than in the absence of
Lewis acids (Table 1, entry 5). The isotactic 

specificity of PDMAA obtained in the presence of
AlCl3-FeCl2 composite system in toluene was far
higher than in the absence of Lewis acids (52% m)
(Table 1, entry 5). The m dyads of the polymers
obtained in the presence of AlCl3-FeCl2 composite
system (91% m) (Table 1, entry 6) was higher than the
presence of AlCl3 (59% m) and FeCl2 (52% m) (Table
1, entries 7 and 8). Therefore we could say that AlCl3-
FeCl2 composite system (Table 1, entry 6) was effec-
tive in changing the iso-stereochemistry of the poly-
merization of DMAA, and the effect of AlCl3 (Table
1, entry 7) was weaker than AlCl3-FeCl2 composite
system. The mm triads of the polymers obtained in
presence of AlCl3-FeCl2 composite system (67%
mm) (Table 1, entry 6) was also higher than that in
absence of Lewis acids (20% mm) (Table 1, entry 5).

In AlCl3-FeCl2 system, the dyads isotactic 
specificity of the polymers was up to 91% (Table 1,
entry 6), while the concentration of AlCl3-FeCl2 com-
posite system was only 2% of DMAA.

Solvent Effect
The results of the AM and DMAA polymerizations in
the presence of combined Lewis acids (AlCl3-FeCl2)
in various solvents (toluene, CHCl3 and THF) are
summarized in Table 2.

In these cases, the yields for polymerization of AM
carried out in the presence of AlCl3-FeCl2 were high-
er than that in its absence, whereas the yields for poly-
merization of DMAA carried out in the presence of
AlCl3-FeCl2 were lower than that in the absence of
Lewis acid.

The isotactic specificities of the PAMs prepared in
CHCl3 in the presence of AlCl3-FeCl2 were higher
than no Lewis acids present. Whereas, the isotactic
specificities of the polymers prepared in THF in the
presence of AlCl3-FeCl2 were lower than when no
Lewis acids are present. Although the effects of
AlCl3-FeCl2 on isotactic specificity of PDMAAs
were clear in toluene and CHCl3, the effect on isotac-
tic specificity in THF was found to be less explicit.
The isotactic specificity of the PDMAAs prepared in
toluene and CHCl3 was higher in the presence of
AlCl3-FeCl2 than in its absence. The highest level of
isotactic stereocontrol was obtained in the presence of
AlCl3-FeCl2 (0.01 mol.L-1-0.01 mol.L-1) in toluene
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(91%m, 67%mm).
The experimental results strongly support the

assumption that the Lewis acid/Lewis base interaction
between the Lewis acids and the monomers (Lewis
base) and/or growing species (Lewis base) was
responsible for the stereoeffects of the acids. Polar
solvents depressed the interaction between the acid
and monomer and/or the growing species and non-
polar solvents or solvents of lower polarity were in
favour of polymers formed with the high degree of

isotactic structure.

Concentration Effect of Lewis Acids
The isotactic specificity of combined Lewis acids
(AlCl3-FeCl2) on AM and DMAA was influenced by
the concentration (Table 3). An increasing amount of
AlCl3/FeCl2 (1:1 molar ratio) resulted higher isotactic
content. The isotactic specificity of PAM reached
59% (Table 3, entry 6) when the concentration of 
AlCl3-FeCl2 was 0.03-0.03 mol/L. 
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Entry Monomer Solvent Lewis acid [Lewis acid]0
(mol·L-1)

Conversion
(%)

Tacticityb (%)

m(mm)

1
2
3
4
5
6 
7
8
9

10

AM
AM
AM
AM
DMAA
DMAA
DMAA
DMAA
DMAA
DMAA

CHCl3
CHCl3
THF
THF
Toluene
Toluene
CHCl3
CHCl3
THF
THF

None
AlCl3-FeCl2
None
AlCl3-FeCl2
None
AlCl3-FeCl2
None
AlCl3-FeCl2
None
AlCl3-FeCl2

None
0.01/0.01
None
0.01/0.01
None
0.01/0.01
None
0.01/0.01
None
0.01/0.01

85
92
87
90
76
20
78
26
81
24

15
36
19
16
52(20)
91(67)
49(23)
83(56)
50(25)
54(23)

(a) [AM]0 = 0.943 mol·L-1; [DMAA]0 = 0.943 mol·L-1; initiator = AIBN, [AIBN]0 = 0.6×10-3 mol·L-1; (b) measured by 
500 MHz 1H NMR in D2O at 23°C for AM, and 500 MHz 1H NMR in CDCl3 at 23°C for DMAA.

Table 2. Solvent effect on free radical polymerizations of AM and DMAA at 80°C for 24 ha.

Entry Monomer Lewis acid [Lewis acid]0
(mol·L-1)

Conversion
(%)

Tacticityb (%)

m(mm)

1
2
3
4
5
6 
7
8
9

10
11
12

AM
AM
AM
AM
AM
AM
DMAA
DMAA
DMAA
DMAA
DMAA
DMAA

AlCl3-FeCl2
AlCl3-FeCl2
AlCl3-FeCl2
AlCl3-FeCl2
AlCl3-FeCl2
AlCl3-FeCl2
AlCl3-FeCl2
AlCl3-FeCl2
AlCl3-FeCl2
AlCl3-FeCl2
AlCl3-FeCl2
AlCl3-FeCl2

None
0.01/0.01
0.012/0.012
0.015/0.015
0.02/0.02
0.03/0.03
None
0.01/0.01
0.012/0.012
0.015/0.015
0.02/0.02
0.03/0.03

85
92
89
75
62
59
76
20
22
26
31
49

15
36
45
42
49
59
52(20)
91(67)
91(74)
95(58)
74(62)
91(68)

Table 3. Concentration effect of Lewis acid on free radical polymerizations of AM and DMAAa.

(a) [AM]0 = 0.943 mol·L-1; [DMAA]0 = 0.943 mol·L-1; initiator = AIBN, [AIBN]0 = 0.6×10-3 mol·L-1; (b) measured
by 500 MHz 1H NMR in D2O at 23°C for AM, and 500 MHz 1H NMR in CDCl3 at 23°C for DMAA.



Table 4. Effect of molar ratio of Lewis acids on free 
radical polymerization of AMa.

(a) Polymerization at 80°C for 24 h in CHCl3; [AM]0 = 0.943 mol·L-1;

initiator = AIBN, [AIBN]0 = 0.6×10-3 mol·L-1; (b) measured by 

500 MHz 1H NMR in D2O at 23°C.

For PDMAAs samples, a larger amount of AlCl3-
FeCl2 resulted in a larger iso-stereo effect until
[AlCl3]0 = [FeCl2]0 = 0.015 mol/L where, in toluene,
a polymer with a dyad content of m/r = 95/5 was
obtained (Table 3, entry 10).

Effect of Molar Ratio of Combined Lewis Acids 
The stereo effects of combined Lewis acids (AlCl3-
FeCl2) were influenced by their molar ratio. The
results of AM polymerization in the presence of
AlCl3-FeCl2 in various molar ratios are summarized
in Table 4. In these cases, the isotactic specificity of
the PAMs prepared in CHCl3 in the presence of
equal-molar combined Lewis acids (AlCl3-FeCl2)
was higher than cases of non-equal-molar combined
Lewis acids present. The isotactic specificity of PAM
reached 36% (Table 4, entry 2) when the molar ratio
of AlCl3/FeCl2 was 1:1 whereas, the isotactic 
specificity of PAM was only 14% (Table 4, entry 1)
and 19% (Table 4, entry 3), when the molar ratio of
AlCl3/FeCl2 was not 1:1. Hence, the stereochemistry
of the AM polymerization was clearly affected by the
molar ratio of combined Lewis acids (AlCl3-FeCl2).

Effect of Aging 
It has been found that methods of aging affect the iso-
tactic specificity of polymers greatly. The isotactic
specificity of combined Lewis acids (AlCl3-FeCl2)
on AM and DMAA were influenced by aging temper-
ature and aging time. The aging system was
AlCl3/FeCl2/AM with various aging temperatures
and aging times.

Figure 3 compares the isotactic specificity of 

Figure 3. The effect of aging temperature on free radical
polymerizations of AM and DMAA at 80°C: (a) [AM]0 =
0.943 mol·L-1; [AIBN]0 = 0.6×10-3 mol·L-1; [AlCl3]/[FeCl2] =
1:1, polymerization time 24 h in CHCl3, ( ) AlCl3 + FeCl2 +
AM aging for 1 h at 20°C, ( ) AlCl3 + FeCl2 + AM aging for
1 h at 50°C, ( ) AlCl3 + FeCl2+ AM aging for 1 h at 80°C,
( ) AlCl3 + FeCl2 + AM aging for 1 h at 90°C and (b)
[DMAA]0 = 0.943 mol·L-1; [AIBN]0 = 0.6×10-3 mol·L-1;
[AlCl3]/[FeCl2] = 1:1; polymerization time: 24 h in toluene,
( ) AlCl3 + FeCl2+ DMAA aging for 1 h at 20°C, ( ) AlCl3
+ FeCl2 + DMAA aging for 1 h at 50°C, ( ) AlCl3 + FeCl2 +
DMAA aging for 1 h at 80°C, ( ) AlCl3 + FeCl2 + DMAA
aging for 1 h at 90°C.
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Entry [AM]/[AlCl3]/[FeCl2]
Molar ratio

Conversion
(%)

Tacticityb (%)

m(mm)

1
2
3

100/1.061/0.530
100/1.061/1.061
100/1.061/2.122

8
92
87

14
36
19

 

 

(a)

(b)



Figure 4. The effect of aging time on free radical 
polymerizations of AM and DMAA at 80°C for 24 h 
([AIBN]0 = 0.6×10-3 mol·L-1; [AlCl3]/[FeCl2] = 1:1): (a) [AM]0
= 0.943 mol·L-1; in CHCl3 and (b) [DMAA]0 = 0.943 mol·L-1,
in toluene.

the polymers prepared in various aging temperatures.
It can be seen from Figure 3 that the isotactic speci-
ficity of polymers is related to the aging temperature.
Higher aging temperature has led to higher isotactic
specificity of PAMs and PDMAAs, though much
higher aging temperature was not in favour of obtain-
ing polymers with high amounts of isotactic structure.
The isotactic specificity of PAMs obtained in CHCl3

was maximum 59% when the aging temperature was
80°C (Figure 3a), and the isotactic specificity of
PDMAAs obtained in toluene was maximum 91%
(Figure 3b). In contrast the isotactic specificity of
PAMs obtained in CHCl3 was only 26%-47% when
the aging temperature was 90°C (Figure 3a) and that
of PDMAAs was 50%-70% (Figure 3b), because
much higher aging temperature may depress the 
interaction between the acid and monomer. These
results indicate that the optimum aging temperature
was 80°C.

Figure 4 compares the isotactic specificity of the
polymers prepared in various aging times. It may also
be seen from Figure 4 that the isotactic specificity of
polymers is related to the aging time. Longer aging
time leads to higher isotactic specificity of PAMs and
PDMAAs, although far longer aging time is not in
favour of obtaining polymers with high degree of iso-
tactic structure. The isotactic specificity of PAMs
obtained in CHCl3 is more than 24% (Figure 4a)
when the aging time is 0.5-1.5 h, and the isotactic
specificity of PDMAAs obtained in toluene is more
than 60% (Figure 4b); whereas, the isotactic specifici-
ty of PAMs and PDMAAs were all decreased with
longer aging time. Therefore, these results indicate
that the optimum aging time is 1 h.

CONCLUSION

The stereochemistry during the radical poly-
merizations of AM and DMAA was affected by the
catalytic amount of the Lewis acids AlCl3, FeCl2 and
AlCl3-FeCl2 composite systems used as an additive.
During the polymerization of AM and DMAA, the
catalysts of AlCl3, FeCl2 and AlCl3-FeCl2 composite
systems increased the m selectivity. AlCl3-FeCl2
composite system was especially effective, and the
polymerizations of AM in the presence of 0.03-
0.03 mol/L AlCl3-FeCl2 composite system gave a
polymer with a dyad tacticity of 59/41 (m/r), the poly-
merization of DMAA in the presence of 0.015-0.015
mol/L AlCl3-FeCl2 composite system gave a polymer
with a dyad tacticity of 95/5 (m/r). The experimental
data suggested that the stereochemistry of the AM
polymerization was clearly affected by the molar 
ratio of combined Lewis acids (AlCl3-FeCl2). The
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optimum aging temperature of polymerization was
80°C, and the optimum aging time was 1 h. The
effects of combined Lewis acids (AlCl3-FeCl2) were
obvious in solvents such as toluene and CHCl3,
although the tacticity of the polymers prepared in a
non-polar solvent such as toluene or a low polar 
solvent such as CHCl3 in the presence of Lewis acid
AlCl3-FeCl2 was higher than that in THF. This was
probably because polar solvent prevented a few 
interaction between the Lewis acid and monomer. 
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