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The cationic polyelectrolyte of P(CMTC-DMC-AM) was synthesized by dispersion
polymerization in aqueous solution of ammonium chloride, using acrylamide
(AM) and dimethylaminoethyl methacrylate methyl chloride (DMC) as main raw

materials, N-carboxymethylthioureidochitosan (CMTC) as both one of reactants and
the stabilizer, 2,2'-azobis(2-amidinopropane) dihydrochloride (V-50) as the initiator. The
effects of the major reaction variables, such as the mass proportion of CMTC and the
monomers, the mass ratio between monomers and the total amount of the reactants
were investigated. In addition, the product was characterized by Fourier transform
infrared (FTIR) spectroscopy and proton nuclear magnetic resonance (1H NMR) spec-
troscopy. The results showed that CMTC had participated in the polymerization process
with DMC and AM by the function of initiator under certain conditions. The product
agglomerated when the mass proportion of CMTC, AM and DMC was less than
0.67:6.0:6.0, while particles would be flocculated due to the flocculation action of CMTC
when the proportion was up to 0.67:4.0:4.0. The molecular weight increased with the
increase of DMC, but the product agglomerated when the proportion of AM to DMC was
less than 3:8. The total concentration of CMTC, AM and DMC also influenced the poly-
merization enormously. At high concentrations, the dispersion was disturbed by
agglomeration due to coalescence or cross-linking of the polymer chains. At lower con-
centration, the molecular weight greatly decreased, due to insufficient adsorption of
monomers on the particles. The optimum reaction conditions for obtaining a stable
aqueous dispersion were concentrations of 0.67 g, 5.5 g and 5.5 g per 100 mL de-ion-
ized water for CMTC, AM and DMC, respectively, under the conditions of 32 g for
ammonium chloride and 0.0105 g for initiator and reaction temperature of 60°C for 5 h.

INTRODUCTION

Polyacrylamide (PAM) is com-
monly prepared by four poly-
merization methods as below: (1)
solution polymerization [1-3], in
which monomers are directly poly-
merized in water solution; (2)
microemulsion polymerization [4],
which occurs in water solution and
monomers are dispersed to form
emulsions using emulsifiers under

constant stirring; (3) inverse
microemulsion polymerization [5],
occurs in organic solvent in which
monomers could be dispersed into
fine emulsion particles by non-
ionic organic emulsifier and fast
stirring and (4) dispersion poly-
merization [6]. Dispersion poly-
merization is a novel method which
was introduced in 1970's and since
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then it has attracted more attention because of its
lower toxicity, reasonably lower cost, and environ-
mentally benign nature. Another advantage is that the
dispersion polymerization can be easily dissolved in
aqueous medium, making the polymer to be easily
used in the industry. 

In the dispersion polymerization process, 
stabilizer plays a crucial role. In the absence of a 
colloidal stabilizer flocculation occurs, making it 
difficult to polymerize to high conversion [7]. There
are two stable mechanisms reported in literature [8,9].
One is adsorption mechanism, by which the growing
polymer particles can suspend in the medium by
adsorbing stabilizer through physical interactions.
Another is grafting-polymerization mechanism. The
compound can act as a stabilizer by grafting onto the
polymer molecule chains, while the hydrophilic
groups of the compound can combine with the 
aqueous medium, thus the polymer particles can 
suspend as a stable system. 

Some macromolecules have been used as 
stabilizers in dispersion polymerization. For example,
Minami et al. [10] prepared submicron-sized
monodisperse PS particles by dispersion polymeriza-
tion with poly(vinylpyrrolidone) (PVP) as the stabi-
lizer. McHale et al. [11] prepared nitroxide-mediated
dispersion polymerization of styrene in supercritical
carbon dioxide successfully with poly(dimethyl-
siloxane) (PDMS) as initiator and stabilizer. In addi-
tion, there were other polymer stabilizers in common
use, such as poly(dimethylaminoethyl methacrylate
methyl chloride) (PDMC) [12], poly(acryloloxy 
ethyltrimethylammonium chloride) (PAOTAC), [13]
poly(2-acrylamido-2-methyl-propane-sulphonic acid
sodium) (PAMPSNa) [14]. Watanabe et al. [15] have
obtained poly(styrene-co-methacrylic acid) copoly-
mer as an anionic polymer stabilizer, and have 
suggested that to reduce the amount of stabilizer
some reactive stabilizers containing polymerizable
group or chain transfer agent could be employed. The
amount of an ionic charged polymer stabilizer 
needed could be much less than a non-ionic polymer
stabilizer [16]. 

The dispersion polymerization with AM as the
main material is already discussed in the presence of
cationic polyelectrolyte (PDMC) [12,16] and anionic
polyelectrolyte (PAMPS) [17] as the stabilizers by

our laboratory team. There are some disadvantages in
using these stabilizers, for example, they play a little
role in water treatment. Therefore, a kind of 
functional stabilizer is assumed to be introduced in
the dispersion system to improve the capability of the
polymer. In this work, a novel natural ionic stabilizer
is used in dispersion polymerization. Chitosan is a
partially N-deacetylated derivative of chitin, which is
commonly found in shells of insects and crustaceans,
as well as cell walls of some fungi, and it is known as
the second most abundant biopolymer in nature after
cellulose [18-20]. Chitosan has been well document-
ed with highly reactive hydroxyl and amino groups
on its backbone for various chemical or physical
interactions for enhancement of various properties
such as adsorption and grafting-polymerization. It has
been reported that chitosan can be grafted onto PAM
chains in the presence of initiator such as cerium
ammonium nitrate or oxidation-reduction initiator
[21,22] via solution polymerization method by which
the product is less soluble and it is more difficult for
the polymerization condition to be controlled. The
dispersion polymerization of PAM in the presence of
chitosan is little reported, and to attempt such 
undertaking azobis-initiator was employed in this
work. Therefore, according to the grafting-polymer-
ization mechanism of stabilizer stated above, chitosan
and its derivative can be expected to act as more effi-
cient stabilizer in the dispersion polymerization. On
the one hand, amino groups in chitosan can form free
radicals under the function of azobis-initiator, and the
free radicals can link to polyacrylamide chains. On
the other hand, the hydrophilic hydroxyl in chitosan
can integrate into aqueous phase, and then the poly-
mer particles can be dispersed well in the polymeriza-
tion system. Presently, we developed a method for
preparing cation PAM dispersion using AM as 
mainly the raw material and dimethylaminoethyl
methacrylate methyl chloride (DMC) as a cation
comonomer in ammonium chloride medium. 2,2'-
Azobis (2-amidino-propane) dihydrochloride (V-50)
was used as the initiator and N-carboxymethyl-
thioureidochitosan (CMTC) as both the steric stabi-
lizer and a potential reactant. In addition, the effects
of the proportion of CMTC and the monomers, the
mass ratio between the monomers, and the total
amount of the reactants on average molecular weight
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and overall conversion were investigated. 
The novelty and originality of this work is as 

follows: (i) water-soluble cation PAM was synthe-
sized by the method of dispersion polymerization.
This method is characteristics of lower toxicity, lower
cost, more environmentally benign and more 
convenient in use, compared with other poly-
merization methods. It is a novel polymerization 
technology put forward in 1970s and has attracted
increased attention; (ii) the copolymer derivative of
chitosan, AM and cation monomer DMC was 
synthesized by dispersion polymerization, which is
rarely reported in literature. The grafting-poly-
merization between chitosan and AM has been 
studied all by solution polymerization. The product
prepared by this method is less soluble and the 
reaction condition is more difficult to be controlled.
Therefore, the technology of dispersion polymeriza-
tion was introduced to prepare P(CMTC-AM-DMC)
copolymer in this work to improve the performance of
the product and (iii) a chitosan derivative was also
used as the stabilizer, which is rarely reported in 
literature. According to the grafting-polymerization
mechanism of stabilizer, chitosan and its derivative
can be an effective stabilizer in the dispersion poly-
merization.

EXPERIMENTAL

Materials 
Acrylamide (AM, 99%, Dia-Nitrix. Co., Tokyo,
Japan) and dimethylaminoethyl methacrylate ethyl
chloride (DMC, aqueous solution with concentration
of 76%, Befar Group, Binzhou, China) were both
industrial grade, used without further purification.
Ethylenediamine tetraacetic acid (EDTA) with con-
centration of 4 g/L was used to eliminate the influence
of heavy metals from the raw materials. Ammonium
chloride (NH4Cl, Sinopharm Chemical Reagent Co.,
Shanghai, China), and 2,2'-azobis(2-amidino-
propane)dihydrochloride (V-50, Wako Pure Chemical
Industries, Osaka, Japan) were of analytical grade,
used as received. De-ionized water was ternary 
distilled by Milli-Q Biocel system. Other reagents
used in this work were all chemical grade. CMTC was
prepared through the reaction of chitosan (CTS) (DD

90%, purchased from Yuhuan Ocean Biochemical
Co., Zhejiang, China) with ammonium thiocyanate
and chloroacetic acid in hydrochloric acid aqueous
solution, which has been prepared before. 

Preparation of Polymer Dispersion 
A given amount of each monomer, ammonium chlo-
ride and CMTC were dissolved in de-ionized water in
a 250 mL glass reactor equipped with a stirrer, a reflux
condenser, a thermometer, and attached a nitrogen
inlet. After purging with nitrogen (N2) for half an hour
and adjusting temperature at 60°C, the polymerization
reaction was initiated by injecting the V-50 initiator
into the system. Maintaining the temperature at
60±1°C and under the protection of N2 atmosphere,
the polymerization was allowed to proceed for 5 h.
The mixture was then cooled at room temperature to
yield a fine, white dispersion system of P(CMTC-
AM-DMC) with well liquidity. 

Purification of the Dispersion Sample
The sample was precipitated in ethanol and repeated-
ly purified three times by dissolution-precipitation
treatments, and washed by Soxhlet extraction using
ethanol:water (7:3 by volume) as further solvent, and
finally dried at 50°C in a vacuum oven for 48 h. The
purified product was used for FTIR and 1H NMR
spectroscopy to study the structure of the polymer.

FTIR Spectra 
The infrared spectra of P(CMTC-AM-DMC), AM,
CMTC and DMC were obtained using a Fourier 
transform infrared (FTIR) spectrophotometer (Nicolet
Co., USA) over the wavenumber range between 
4000 cm-1 and 500 cm-1 at a resolution of 1 cm-1. The
powder samples of P(CMTC-AM-DMC), AM and
CMTC were completely dried under vacuum at 50°C
for 24 h. An amount of 2.0 mg of each sample and
100.0 mg of KBr were taken to blend together and dry
further again. Then the mixtures were compressed
into KBr disks. DMC is a kind of liquid sample.
Therefore, the infrared spectrum of DMC was 
immediately obtained after coating a drop of DMC on
a pure KBr disk.

1H NMR Spectrum
The 1H NMR spectrum of P(CMTC-AM-DMC) was
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recorded in deuterated de-ionized water (D2O) solu-
tion using a Bruker Avance 400 MHz Spectrometer
(Germany). Chemical shifts (δ) were given in ppm
with tetramethylsilane (TMS) as a standard.

Micrograph of the Dispersion System
Drops of each colloidal polymer dispersion system
were coated on glass slides, the morphologies of the
polymer particles could be observed under an XSZ-
HS7 optical microscope (Chongqing Optical
Instrument Co., China).

Molecular Weight of Polymer and the Total
Monomer Conversion
The average molecular weight (MW) could be 
calculated with the Mark-Houwink relationship
[16,17]:

where, [η] is intrinsic viscosity of the copolymer
which can be determined in 1 M NaNO3 aqueous 
solution with an Ubbelohde capillary viscometer at
30°C. The total monomer conversion was obtained
by brominating method.

RESULTS AND DISCUSSION

FTIR Spectrum
FTIR Analysis was performed to characterize the
molecular structure of the polymer. Figure 1 presents
the spectra of the polymer, AM, DMC and CMTC. It
could be seen from Figures 1b and 1c that the two
peaks at 1350 and 1450 cm-1 were deformation vibra-
tion and rocking vibration of -C=C-, respectively,
though in the spectrum of the polymer shown in
Figure 1a, these peaks are absent, indicating that the
double bonds of monomers have been damaged in
polymerization stage. As shown in Figure 1a, the
bands at 2922~2849 cm-1 were attributed to 
asymmetrical stretching vibration and symmetrical 
stretching vibration of -CH2, respectively. The peak
nearby 1450 cm-1 corresponds to the deformation
vibration  of  -CH2 and  asymmetrical  deformation

Figure 1. FTIR Spectra of: (a) P(CMTC-AM-DMC), (b) AM,
(c) DMC and (d) CMTC.

vibration of -CH3. The weak deformation vibration
peak appeared at 1323 cm-1 can be attributed to the
symmetrical deformation vibration of -CH3. There
are 4 characteristic bands for -CO-NH2-. The band I
was asymmetrical stretching vibrations of -NH2 at
3423 cm-1, which was overlapped by asymmetrical
stretching vibrations of -OH groups from CMTC. The
band II was the double peaks of stretching 
vibration of -C=O round 1650 cm-1. The band III was
deformation vibration of -NH2 nearby 1620 cm-1, so
bands II and III often merged into one peak. The band
IV was attributed to wagging bending vibration of 
-NH2, which was a broad and slantwise peak from
770 cm-1 to 620 cm-1. A strong adsorption peak at
1094 cm-1 represented bending vibrations of -C-H
and -N-H. In addition, there was also stretching
vibration of -C-H at 2890 cm-1, overlapping with
peaks of -CH2 and -CH3.
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1H NMR Spectrum
Figure 2 represents 1H NMR spectrum of P(CMTC-
AM-DMC), which was obtained from purified 
polymer dispersion. The 1H NMR spectrum was in
accordance with the proposed structures of the poly-
mer. Each proton is readily distinguished from the 
resonance peaks of the ternary-polymer resulted from
the dispersion polymerization. The -CH-OH group of 
chitosan was detected at 3.93 ppm and CH2O attached
to chitosan ring was observed at 2.20 ppm. The weak
peak appearing at 3.35 ppm was attributed to -CH2-
from carboxymethylthioureido group of chitosan
[17]. Methylene group of AM and DMC was observed
at 1.30-1.70 ppm and -CH- group from AM appeared
at 2.05 ppm. The peaks of 4.37 and 3.61 ppm were
attributed to -O-CH2- and -CH2-N- of DMC, 
respectively. The -CH3 attached on the unsaturated

bond of DMC appeared at 1.05 ppm, and strong peak
at 3.08 ppm could be attributed to -CH3 from the 
positive end group of DMC [12]. Figure 2 indicates
that both two monomers and CMTC have participated
in the polymerization by initiator action under certain
conditions. 

Effect of CMTC/Monomers Ratio
In this work, the effects of mass ratio of CMTC to
monomers on molecular weight and conversion of the
dispersion copolymer were studied under 60°C for 
5 h. Other conditions were as follows: NH4Cl and the
initiator were kept invariably at 32 g and 0.0105 g per
100 mL water, respectively. Table 1 shows the effect
of the proportion of CMTC and the monomers on the
reaction. The amount of CMTC was 0.67 g per 
100 mL water and kept constant throughout. The AM
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Figure 2. 1H NMR Spectrum of P(CMTC-AM-DMC).

Mass ratio of
CMTC:AM:DMC (g:g:g)

Dispersion system characteristics MW

(104 g.mol-1)
Conversion

(%)

0.67:4.0:4.0
0.67:5.0:5.0
0.67:5.3:5.3
0.67:5.5:5.5
0.67:5.7:5.7
0.67:6.0:6.0
0.67:7.0:7.0
0.67:8.0:8.0

Milky, larger particle, well liquidity, visible flocs.
Milky, fine and narrow distribution particle, well liquidity.
Milky, fine and narrow distribution particle, well liquidity.
Milky, fine and narrow distribution particle, well liquidity.
Milky, fine and narrow distribution particle, well liquidity.
Milky, poor liquidity, agglomerated when cooled.
Agglomerated during polymerization.
Agglomerated.

145.6
171.3
183.5
186.6
185.8

-
-
-

90.6
91.7
92.2
91.6
91.9

-
-
-

Table 1. Effect of the proportion of CMTC and the monomers on the reaction.



dosage was equal to that of DMC and their amounts
and ratio varied from 4.0:4.0 to 8.0:8.0. The molecu-
lar weight and the conversion both increased as the
proportion of CMTC to the monomers were lowered.
When the mass ratio of CMTC, AM and DMC was
0.67:4.0:4.0, some larger particles and flocs could be
observed. This may be because of small negative
charge end groups from carboxyl in the CMTC chain
and positive quaternary ammonium from DMC, 
herein CMTC under this condition can play the role of
flocculation to the polymer particles by electrostatic
adsorption. When the dosage of AM and DMC 
gradually increased, the particles tended to disperse in
stable form. Figure 3 shows the micrograph of the 
dispersion system magnified by 160 times in which
there are 4 pictures, indicating different phenomena
under different proportions of CMTC, AM and DMC. 

It can be observed in Figure 3a that flocculation
occurs when the mass ratio of CMTC, AM and DMC
is 0.67:4.0:4.0. By lowering the mass ratio to
0.67:5.0:5.0, the particles can disperse well, though
the number of particles would be small (Figure 3b).
When the mass ratio changes to 0.67:5.3:5.3 and
0.67:5.7:5.7, the particles can disperse better and
number of particles increases slightly. When the total
dosage of AM and DMC increased to an extent high-
er than 12 g per 100 mL water, the dispersion was so
unstable that coagulation occurred. This result may be
due to insufficient adsorption by polymerized phase
when the amount of CMTC is not as sufficient of as
the amount of monomers [16]. Therefore, the proper
proportion between CMTC and the monomers is 
0.67 g CMTC versus 11 g monomers per 100 mL
water. At this point, CMTC is adsorbed on the 
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Figure 3. The micrographs of the dispersion system magnified by 160 (CMTC:AM:DMC): (a) 0.67:4.0:4.0, (b)
0.67:5.0:5.0, (c) 0.67:5.3:5.3 and (d) 0.67:5.7:5.7.



particles adequately. Depending on the long chains of
CMTC and electrostatic repulsion of charged groups,
the particles can be dispersed well in the system.

Effect of AM:DMC Proportion 
The different ratios of AM to DMC were studied in
relation to changes of molecular weight and conver-
sion of the dispersion copolymer under 60°C for 5 h.
Other conditions were as follows: amount of CMTC,
total dosage of AM and DMC, ammonium chloride
and initiator were kept invariable at 0.67 g, 11 g, 32 g
and 0.0105 g per 100 mL water, in the stated order. 
Table 2 shows the effect of AM and DMC ratio on the
reaction. The total quantity of AM and DMC was kept
constant by 11 g per 100 mL water, the mass ratios
between AM and DMC varied from 1:10 to 8:3, with
9 data points in all. In addition, the product character-
istics, molecular weight and total conversion under
different conditions are also presented in this table.
As shown in Table 2, a stable dispersion system can
be obtained when the mass ratio of AM and DMC
was varied between 4:7 and 6:5. In dispersion poly-
merization, the entry rate of cationic monomer into
the growing particles might be retarded due to the
positive charges of the particles because of the 
presence of quaternary ammonium groups in DMC
[13]. It might be expected that the dispersed particles
in the aqueous medium should be charged and that the
molecular weight would decrease with increasing
content of DMC owing to electrostatic repulsion.
However, as demonstrated by the data from Table 2,
the opposite has occurred. The positively charged

oligomers would be stabilized by electrostatic 
repulsion and grow by further adsorption of the
monomers. Furthermore, at lower AM/DMC mass
ratio, a higher number of smaller particles may be
formed during the early stages of polymerization
because of the presence of more ionic moieties. In
addition, anionic groups on CMTC chains can partly
eliminate the electrostatic repulsion, which enable
more cationic monomer being adsorbed on the poly-
mer particles and form larger and long polymer chain.
Nevertheless when the ratio of AM/DMC decreased
to 3:8 continuously, the adsorption of stabilizer on the
oligomers would be hindered and coalescence could
occur more rapidly and result in the eventual 
formation of agglomerated lumps [17].

Effect of Total Concentration of the Reactants
The ratios of CMTC, AM and DMC were settled as
constant values based on the results described above,
and their total amount was adjusted to study the total 
concentration of the reactants on the polymerization,
as shown in Table 3. According to the results of 
Tables 1 and 2, the mass ratios of CMTC, AM and
DMC were kept unchanged and the total dosage 
varied from 0.5:4.13:4.13 to 1.2:9.85:9.85, using 32 g
of NH4Cl and 0.0105 g of the initiator per 100 mL
water, the reaction was carried out below 60°C for 
5 h. In addition, the product characteristics, molecu-
lar weight and total conversion under different 
conditions are also described in Table 3. The data
clearly indicate that a stable dispersion system can be
obtained when the amounts of CMTC, AM and DMC
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Mass ratio of
AM:DMC (g:g:g)

Dispersion system characteristics MW

(104 g.mol-1)
Conversion

(%)

1:10
2:9
3:8
4:7
5:6
5.5:5.5
6:5
7:4
8:3

Agglomerate during the polymerization.
Agglomerate during the polymerization.
Agglomerate after one week.
Milky, fine and narrow distribution particle, poor liquidity.
Milky, sticky, fine and narrow distribution particle, well liquidity.
Milky, sticky, fine and narrow distribution particle, well liquidity.
Milky, sticky, fine and narrow distribution particle, well liquidity.
Less stickier, translucency.
Less stickier, translucency.

-
-
-

203.7
187.5
186.6
138.2
118.1
109.9

-
-
-

91.5
92.1
91.6
92.4
92.4
91.4

Table 2. Effect of AM:DMC proportion on the reaction.



are 0.67 g, 5.5 g and 5.5 g, respectively. At higher
concentration, the dispersion agglomerates due to
coalescence or cross-linking reactions of polymer
chains. At lower concentration, the molecular weight
greatly decreases, due to insufficient adsorption of
monomers on the particles. 

As shown in Tables 1, 2 and 3, the overall con-
versions change little when the conditions are
changed, indicating that the overall conversions are
less dependent on these factors. 

CONCLUSION

P(CMTC-AM-DMC) was synthesized by dispersion
polymerization in aqueous ammonium chloride 
solution under suitable conditions. CMTC played an
important and effective role on the dispersion system,
in that it not only participated in the polymerization
reaction proved by spectroscopy but also acted as a 
stabilizer. In this work, the proportional effects of
CMTC and monomers and those of monomers to total
concentration of the reactants have been discussed in
relation to average molecular weight and overall 
conversion mechanism. It was found that there was a
little difference between using CMTC as the 
stabilizer and other stabilizers. For example, using
PDMC as stabilizer, the suitable dosage was 
found to be about 2.0-4.0%; using PAOTAC as 
stabilizer, the suitable dosage of stabilizer was not
higher than 1.5%; while the dosage of CMTC was
0.5-0.7%. 

The molecular weight was changed with monomer
ratio and total concentration. The results indicated
that the product would be agglomerated when the
mass proportion of CMTC, AM and DMC was less
than 0.67:6.0:6.0, because of cross-linking of the

polymer molecules, while particles are flocculated
due to the flocculation action of CMTC when the 
proportion was up to 0.67:4.0:4.0. The molecular
weight increased with the DMC increased content,
which was opposite to general reports of other 
workers, but the product would be agglomerated
when the proportion between AM and DMC was
below 3:8. The optimum amounts of three reactants
CMTC, AM and DMC should be 0.67 g, 5.5 g 
and 5.5 g per 100 mL de-ionized water, in order 
given. In addition, the results also showed that 
the overall conversion was less dependent on these
conditions. 
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SYMBOLS AND ABBREVIATIONS

AM : Acrylamide
DMC : Dimethylaminoethyl methacrylate methyl 

chloride
V-50 : 2,2'-Azobis(2-amidinopropane) 

dihydrochloride
CMTC : N-Carboxymethylthioureidochitosan
FTIR : Fourier transform infrared
NMR : Nuclear magnetic resonance
Mw : Weight average molecular weight
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Mass ratio of
CMTC:AM:DMC (g:g:g)

Dispersion system characteristics MW

(104 g.mol-1)
Conversion

(%)

0.5:4.13:4.13
0.67:5.5:5.5
1.0:8.25:8.25
1.2:9.85:9.85

Lower concentration of particles, less stickier, translucency.
Milky, sticky, fine and narrow distribution particle, well liquidity.
Poor liquidity, agglomerated when cooled.
Agglomerated during the polymerization

110.3
186.6

-
-

90.7
91.6

-
-

Table 3. Effect of the total concentration of reactants on the reaction.
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