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ABSTRACT: By using meso-2,3-dimercaptosuccinic acid-cerium(IV) sulfate
and meso-2,3-dimercaptosuccinic acid-potassium permanganate redox systems,
the polymerization reaction of acrylamide (AAm) monomer was examined in
aqueous acidic medium at low temperatures. Water-soluble polyacrylamides
bearing meso-2,3-dimercaptosuccinic acid end groups were synthesized using
meso-2,3-dimercaptosuccinic acid as a reducing agent. The effects of parameters
such as the molar ratio of acrylamide to initiator, temperature, polymerization
time, and sulfuric acid concentration on the yields and molecular weights of
polymers were investigated. The augmentation in initiator concentration resulted
in a decrease in molecular weight but an increase in the yield of polymers. The
increase in reaction temperature from 20 to 60°C led to a decrease in the yield
from 56.80% to 20.58%. Ce(IV) and Mn(VII) ions are reduced to Ce(IlI) and Mn(II)
ions in the polymerization reaction and the synthesized acrylamide polymers
containing meso-2,3-dimercaptosuccinic acid end groups can absorb these ions at
the end of the polymerization reaction. Ultraviolet-visible and atomic absorption
measurements of polymer solutions were performed to indicate complexation
between polyacrylamide and Ce(Ill) ions or Mn(Il) ions. © 2010 Wiley
Periodicals, Inc. Adv Polym Techn 29: 45-53, 2010; Published online in Wiley
InterScience (www.interscience.wiley.com). DOI 10.1002 /adv.20180
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I Introduction

P olyacrylamides (PAAms) and their copoly-
mers have found numerous applications as
soil conditioner, in wastewater treatment, in cosmet-
ics, paper, and textile industries, and in laboratories
as a solid support for the separation of proteins by
electrophoresis.! 3 After manure application on soil
surfaces, pollution of surface and groundwater from
water flowing over irrigated fields is an important
vector for transport of microorganisms. Polyacry-
lamides efficiently remove or immobilize microor-
ganisms in flowing water, increase water infiltration,
and reduce soil erosion.*”® The graft copolymers
of acrylamide on neutral polymers such as cashew
gum, carboxymethyl cellulose, guar gum, sodium
alginate, and xanthan gum have potential applica-
tions to improve flocculation efficiently, decolorize
textile dyes, increase solution viscosity, enhance the
drag reduction effectiveness and shear stability, and
prepare controlled drug delivery systems.”~!3 In ad-
dition, copolymers of acrylamide with methacrylic,
maleic, acrylic, and crotonic acids, which are known
super absorbent polymers for water uptake, were
synthesized and used for the removal of toxic metal
ions and dyes from wastes or waste solutions.!4~18
In previous studies given in literature for the
polymerization and copolymerization reactions of
acrylamide, the initiator systems such as Fenton
reagent, persulfate, various reductants, ceric salts, or
potassium permanganate-organic reducing agents
containing amino, carboxyl, thiol, or hydroxyl func-
tional groups were used.®=*> The acrylamide poly-
mers bearing amino, thiol, hydroxyl, and carboxylic
acid end groups are potential sources for the prepa-
ration of high-molecular-weight polymers contain-
ing weakly bound structures that can be destroyed
under physiological conditions and have potential
to remove trace elements from waste solutions.?3-3¢
In addition, meso-2,3-dimercaptosuccinic acid as a
reducing agent is an effective chelating agent and
used to sequester heavy metals such as mercury
for extraction. For this reason, PAAms containing
meso-2,3-dimercaptosuccinic acid end groups may
find applications to remove metal ions from wastes
and find some practical applications in various
industries.

The aim of this work was to study the
acrylamide polymerization in aqueous acidic
medium at ambient temperatures, using meso-2,3-
dimercaptosuccinic acid-Ce(IV) initiator system,
and to synthesize water-soluble PAAms containing
meso-2,3-dimercaptosuccinic acid end groups. In the
polymerization reaction, the effects of parameters
such as the molar ratio of acrylamide to cerium(IV)
sulfate [nceavy = 0.51pmsa, where cerium(IV) sulfate
tetrahydrate and meso-2,3-dimercaptosuccinic acid
are represented as Ce(IV) and DMSA, respectively],
polymerization time, temperature, and the concen-
tration of sulfuric acid on the polymerization yield
and molecular weights of polymers were investi-
gated. The obtained PAAms were characterized by
viscosity, ultraviolet (UV), Fourier-transformed in-
frared (FT-IR), atomic absorption, and particle-size
distribution measurements.

I Experimental

meso-2,3-Dimercaptosuccinic acid (DMSA;
Fluka), acrylamide (AAm; Merck), and cerium(IV)
sulfate tetrahydrate [Ce(IV); Merck] were used
without further treatment.

Polymerization reactions were carried out in a
round-bottomed flask equipped with a stirrer by
adding the calculated amount of ceric salt or KMnOy,
solution to aqueous solution of AAm and DMSA. For
this purpose, the oxidant, Ce(IV) or KMnO,, was
dissolved in a calculated amount of sulfuric acid
solution. The solution volume of oxidant was kept
constant at 20 mL. The total volume of polymeriza-
tion solution was 100 mL. After polymerization was
completed, the solution was poured into an excess
of acetone to precipitate the raw polymer. The vol-
ume ratio of acetone to polymer solution was kept
constant at 7:1 for the precipitation of polymers. The
weight of isolated polymer was determined by di-
rect weighing of PAAm dried in air and the yield
was calculated by using Eq. (1).

Weight of isolated polymer (g)

Yield % = x 100

Weight of monomer (g)
1
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HS-CH-CH-SH + Ce(V)

‘ 1, HS-CH-CH-S* + Ce(ll) + H¥
HOOC COOH

HOOC COOH

— > Hs-C-CH-SH + Ce(ll) + H+

HOOC COOH

M, HS—QH-QH—COO'+ Ce(ll) + H+
HOOC SH

HS-CH-CH + COp
HOOC SH

SCHEME 1. Radical formation mechanism between
meso-2,3-dimercaptosuccinic acid and cerium(lV) sulfate
tetrahydrate.

Polymerization of AAm was studied in vari-
ous time-temperature conditions, using different
monomer/initiator ratios [nceqvy = 0.51pmsa] in
aqueous acidic medium.

In redox reaction between DMSA and Ce(IV),
the radical generation is believed to occur by one-
electron transfer from reducing agent to Ce(IV) ac-
cording to the reaction given in Scheme 1, as reported
in literature.?!.2>:37:38

Because of low S—H bonding energy, the forma-
tion of free radicals in reaction I in Scheme 1 is
more likely than other reactions to initiate poly-
merization of AAm. It was reported that the for-
mation of free radicals on carboxyl groups might be
possible.’?~212.37 However, the probability of radi-
cal formation on carboxyl groups is less than other
radical formation reactions given in Scheme 1 be-
cause of the influence of acid (proton). The redox re-
action between Ce(IV) and reducing agents bearing
S—H functional groups in acid-aqueous medium oc-
curs at lower temperatures as described in previous
studies.?!:2>37:38 This supports the idea of formation
of —S* in the redox reaction in the polymerization of
AAm monomer and oxidative termination of poly-
meric radicals is also possible by Ce(IV) ions.?!2>%7
Thus, after the polymerization reaction is completed,
water-soluble PAAm having more likely structures
given in Scheme 2 have been obtained.

Infrared measurements were carried out with an
ATI Unicam (Mattson 1000) FI-IR spectrometer and
the spectra of polymers were determined using KBr
disks. For this purpose, pallets of about 300 mg of
KBr containing finely grained powder of DMSA,
AAm, or PAAm sample (7-8 mg) were made. The FT-
IR spectra of DMSA, AAm, and PAAm synthesized
using DMSA-Ce(IV) redox system were recorded on
an ATI Unicam (Mattson 1000) FT-IR spectrometer.

Viscosities of polymer solutions were determined
by capillary viscometer technique on a Ubbelohde
viscometer at 30 + 1°C. The intrinsic viscosities (|1|)
of polymer solutions were calculated by using the
following equation!?:21:2>:38.39;

__Tsp +31In(n;)

7] ic

where C is the concentration of polymer solution
(0.5 g/dL). The relative (1) and specific (nsp) vis-
cosity values were calculated using the following
equations:

N = —

and

t—1to

Nsp = o =n—1

where t; and t are the flow times of water and poly-
mer solution of defined volume in Ubbelohde capil-
lary viscometer, respectively.

The molecular weights of polymers were deter-
mined by the Mark-Houwink equation given as
follows:

Inl = K My

where K and o are constants, which are dependent
on the solvent, the type of polymer used, and the
temperature of the system. For the aqueous solution
of PAAm at 30°C, the values of K and « are 6.88 x
10~* and 0.66, respectively.

The UV measurements (200-400 nm) were
performed using a JASCO V-530 UV-visible

COOH COOH COOH
HS-CH-CH-S+CH—CH3,S-CH-CH-SH or  HS-CH-CH-S{CHz-CH, CH=CH
HOOC ¢=0 COOH HOOC c-0 C=0
NH2 NHo NH2

SCHEME 2. Chemical structure of the synthesized polyacrylamide.

Advances in Polymer Technology DOI 10.1002/adv

47



meso-2,3-DIMERCAPTOSUCCINIC ACID-Cg(IV) REDOX COUPLE FOR ACRYLAMIDE POLYMERIZATION

spectrometer equipped with a temperature control
attachment.

A Zetasizer Nano ZS light scattering system was
used to measure the distribution of particle sizes in
polymer solution. For this purpose, 0.25 g of polymer
was dissolved in 100 mL of distilled water.

An Analytik Jena Vario 6 AAS flame atomic
absorption spectrometer was used for determin-
ing Mn(Il) in polymers. Manganese hallow cathode
lamps were operated at a wavelength of 297.5 nm
and a slit width of 0.2 nm.

IResults and Discussion

The formation of —S°, in the polymerization reac-
tion of AAm initiated by Ce(IV)-DMSA or KMnO,-
DMSA in aqueous acidic medium, was energetically
most favorable because of low S—H bonding energy.
The use of other cerium-based redox pairs such as
ethylenediamine tetraacetic acid, iminodiacetic acid,
amino acids, and nitrilotriacetic acid has been stud-
ied for the aqueous polymerization of AAm in dif-
ferent time-temperature conditions.*~*? The initia-
tion of AAm polymerization using organic reducing
agent with thiol groups is more efficient than other
organic compounds with amino or carboxylic acid
groups.?’—32

The effect of initiator concentration at con-
stant acid and monomer concentrations (Cp,s0, =
0.05 mol/L, Caam = 0.7 mol/L) on the yield and
molecular weight of the polymer is shown in Fig. 1.
The augmentation in the molar ratio of AAm to ini-
tiator, nceqvy = 0.51pmsa, resulted in an increase in
molecular weight but a decrease in the yield of the
polymer that contained DMSA end groups.

The increase in temperature in the polymeriza-
tion reaction resulted in an increase in the molecular
weight of the polymer and a decrease in the yield of
the polymer (Fig. 2). This unexpected result must be
due to the side reactions of the primary radicals gen-
erated from DMSA. These side reactions might result
from a recombination of the initiating primary rad-
icals or any other radical addition to the amide car-
boxyl. Similar unusual behavior has been reported
by Lozinsky et al.*® in the polymerization reaction of
PA Am initiated with tertiary amine-persulfate redox
couple.

The dependence of the yield and molecular
weight of the polymer on the acid concentra-
tion and the polymerization time is shown in

100 18

Yield (%)
Mv x 103 (gimol)

0 100 200 300 400 500
Mo Ca{iv)

FIGURE 1. The effect of the molar ratio of acrylamide to
initiator on the yield (O) and molecular weight (a) of the
polymer synthesized using meso-2,3-dimercaptosuccinic
acid-Ce(lV) redox system. Cp,s0, = 0.05 mol/L; Caam =
0.7 mol/L; T=30°C; t= 1 h; nceqv) = 0.5MpmsA-
Abbreviations: AAm, acrylamide; Ce(lV), cerium(IV)
sulfate tetrahydrate; DMSA, meso-2,3-
dimercaptosuccinic acid.

Table I. On examining the table, it is seen that an
increase in acid concentration resulted in a decrease
in the molecular weight of the polymer and an in-
crease in the polymerization yield. No significant
change was observed in the molecular weights by ex-
tension of the polymerization time. Polymerization

9 60
9
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e : &
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>
> -
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0 . . 0
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Temperature (°C)

FIGURE 2. The dependence of the yield (0) and
molecular weight (a) of the polymer on the temperature.
Ch,s0, = 0.05 mol/L; Cceqvy = 0.007 mol/L; Caam =

0.7 mol/L; t =1 h; nce(v) = 0.5Mpmsa- Abbreviations:
AAm, acrylamide; Ce(IV), cerium(IV) sulfate tetrahydrate;
DMSA, meso-2,3-dimercaptosuccinic acid.
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TABLE | ||
The Dependence of the Yield and Molecular Weight of
the Polymer on the Acid Concentration and the Poly-
merization Time

CH,s0, Polymerization M,

(mol/L) Time (min) Yield % (g/mol)
0.025 60 31.30 11,850
0.050 60 46.60 6,700
0.100 60 45.30 6,600
0.200 60 51.70 6,000
0.400 60 58.45 5,850
0.200 5 20.60 3,900
0.200 10 42.50 7,300
0.200 20 44.70 6,750
0.200 30 44.50 6,200
0.200 40 45.00 6,450
0.200 60 51.70 6,000

CAAm = 0.7 mOI/L, T = SOQC, nAAm/nCe“\/) = 100, Noelv)y =
O.SFIDMSA.

yield increased up to polymerization time ¢ = 10 min
and then remained constant at around 42.5% to
51.7% of polymerization yield for polymerization
time from 10 to 70 min.

The UV spectrum of PAAm obtained using
Ce(IV)-organic acid or amino acid (with or with-
out thiol group) redox system indicates generally
a peak at 254 nm because of complex formation be-
tween Ce(IIl) ions and polymer containing reducing
agent as end groups.?1230-3237 A peak at 254 nm
was observed in the UV spectrum of AAm poly-
mer synthesized using DMSA-Ce(IV) redox system
(Fig. 3). It was reported that similar peak at around
254 nm was obtained in the UV-visible spectra of
PA Ams synthesized using Ce(IV)-thioglycolic acid,
3-mercaptopropionic acid, or mercaptosuccinic acid
redox system.?!>>37 The obtained spectrophotomet-
ric data from peak values at 254 nm are shown
in Fig. 3 and the values of molar ratios of AAm
to Ce(IV) in polymerization reactions are shown in
Fig. 4. As can be seen from these figure, the decrease
in the initiator concentration in the polymerization
reaction led to a decrease in the absorbance values
of PAAm solutions (0.25 g of polymer/100 mL of
solution in water) at 254 nm. Since PAAm itself does
not show any absorption within this range, the ob-
served adsorption bands indicates the presence of
cerium(IIl) salt retention in free form or bonded to
the polymer.

The FT-IR spectra of AAm, DMSA, and PAAm
containing DMSA end groups are given in Fig. 5. As
can be seen from the figure, the band at 3400 cm™!,

2.0

1.5

1.0

Absorbance

0.5 -

0 et
200 250 300 350 400
Wavelength (hm)

FIGURE 3. Ultraviolet-visible spectra of polymer
solutions obtained using Ce/(IV)-meso-2,3-
dimercaptosuccinic acid redox system at different initiator
ratios. naam/Nce(ivy = 20 (1), 35 (2), 50 (3), 100 (4), 250
(5), and 500 (6). CH,s0, = 0.05 mol/L; Caam = 0.7 mol/L;
t=1h; nce(vy = 0.5npmsA; Cpolymer = 0.25 g/dL.
Abbreviations: AAm, acrylamide; Ce(lV), cerium(IV)
sulfate tetrahydrate; DMSA, meso-2,3-
dimercaptosuccinic acid.

which can be assigned to symmetrical and asym-
metrical stretching vibrations of N—H group ob-
served in the FI-IR spectrum of AAm monomer, has
been observed to shift to a band at 3430 cm™! in
the spectrum of PAAm. The peak which appears at

1.6 -
1.2
qﬁ 0.8 - A
0.4 -
0 : . . . ,
0 100 200 300 400 500

nm-nmc-mw

FIGURE 4. The relationship between the absorbance
(A) values at 254 nm of polymer solutions (0.25 g of
polymer/100 mL in distilled water) and the naam/Nce(iv)
ratio in the polymerization reaction at 30°C. Caam =
0.7 moI/L; CHQSO4 =0.2 moI/L; nCe(N) = O-SnDMSA-
Abbreviations: AAm, acrylamide; Ce(lV), cerium(I1V)
sulfate tetrahydrate; DMSA, meso-2,3-
dimercaptosuccinic acid.
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FIGURE 5. FT-IR spectra of meso-2,3-dimercaptosuccinic acid (DMSA), acrylamide (AAm), and polyacrylamide

(PAAmM) obtained using DMSA-cerium(IV) sulfate redox system.

2950 cm~! in the FT-IR spectrum of PAAm has been
attributed to the —CH stretching vibration band.
The characteristic C=0 stretching vibration bands of
amide and acid groups have been observed at 1680
and 1700 cm™!, respectively. The peaks observed at
900-1000 cm~! and 1620 ecm~?!, which have been at-
tributed to the —CH=CH), group observed in the FT-
IR spectrum of AAm monomer, disappeared in the
FT-IR spectrum of PAAm. The band at 1430 cm ™! in-
dicates O—H bending, the existence of C—O stretch-
ing in the plane of C—O—H bending in DMSA, and
N—H stretching in AAm and PAAm. There are also
peaks at 1280, 1140, and 1130 cm~!, which are seen in
the FT-IR spectra of AAm, PAAm, and DMSA. These
peaks belong to N—H stretching of amide groups
or O—H bending of DMSA and PAAm containing
DMSA end groups. The peaks observed at 600-700,
935, and 2340-2600 cm ™! indicate the vibration band
of —SH groups in the FI-IR spectra of DMSA. More-
over, the peaks in the spectrum of PAAm can arise
due to metal ions absorbed in the polymer.

To measure the particle-size distribution of AAm
polymers, 0.25 g of each polymer synthesized at dif-
ferent initiator ratios [aam/fceqvy = 20, 100, 250,
and 500; nceavy = 0.51pmsa] was dissolved in 100 mL
of distilled water and the Zetasizer Nano ZS light
scattering system was used to measure the particle-
size distribution of polymers in solutions. The curves
of particle-size distributions determined from poly-
mer solutions are given in Fig. 6. As can be seen
from the figure, the average particle size increased
with decreasing initiator concentration in polymer-
ization reactions. This indicates that the lower initia-

tor concentration in polymerization reaction leads
to the formation of polymers having larger particle
sizes. The formation of high-molecular-weight poly-
mer might also be due to the chelating effect of
Ce(III) as described previously.>-3!

The initiation mechanism based on Ce(IV) or
Mn(VII) ions is rather complicated and debatable
in various aspects such as kinetics and limiting con-
versions because of their specific behaviors against
monomers and type of reducing agents. According
to the generally accepted mechanism, powerful oxi-
dizing agent, potassium permanganate, acts on vinyl
monomers to give Mn(IV) or Mn(III) ions, which are

107
3 4
- 8 1 _2
s
- 6
=
24
a
£ 2
] " y
0.1 1 10 100 1000 10,000

Diameter (nm)

FIGURE 6. Particle-size distribution curves of aqueous
solutions (Cpolymer = 0.25 g of polymer/dL in distilled
water) of polyacrylamides synthesized at different initiator
ratios. naam/Nce(ivy = 20 (1), 100 (2), 250 (3), and 500
(4). Ch,s0, = 0.05 mol/L; Capam = 0.7 mol/L; t=1 h;
Nceqv) = 0.5Mpmsa. Abbreviations: AAm, acrylamide;
Ce(lV), cerium(IV) sulfate tetrahydrate; DMSA,
meso-2,3-dimercaptosuccinic acid.
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HS-CH-CH-SH + Mn(il) 1, HS-CH-CH-S" + Mn(ll) + H*

|
HOOC COOH

—_—

HOOC COCH

HS—CI')—(I)H—SH + Mn(l) + H+
HOOC COOH

——> HS-CH-CH-COO" + Mn(l) + H+

HOOC SH
HS—(I)H—C;)H + CO»
HOOC SH

SCHEME 3. Radical formation mechanism between meso-2,3-dimercaptosuccinic acid and Mn(lll).

responsible for initiating polymerization by produc-
ing radicals from reducing agents with hydroxyl or
carboxyl groups.!”=2¥” The simplified mechanism
of initiation by the redox reaction between Mn(III)
and DMSA is given in Scheme 3.

The formation of free radicals given in reaction I
of Scheme 3 is more probable than other reac-
tions for the initiation of AAm polymerization be-
cause of low S—H bonding energy, as explained in
the redox system of DMSA-Ce(IV). As described
in previous investigations, oxidative termination
of polymeric radicals is also possible by Mn(III)
or Mn(IV) ions?!?3%” and PAAms having chemical
structures given in Scheme 2 can be obtained in the
polymerization reaction of AAm monomer initiated
with KMnO,4-DMSA redox system in acid aqueous
medium.

Using DMSA-KMnO, redox system, the polymer-
ization reaction of AAm monomer was performed
at different initiator concentrations at 30°C. It was
observed that an increase in potassium perman-
ganate concentration in the polymerization reaction
resulted in an increase in the yield but a decrease in
the molecular weight of the polymer (Table II). It is

TABLE 1l ||
The Effect of Initiator Concentration on the Yield and

Molecular Weight of Acrylamide (AAm) Polymer

Naam/Nce(1v) Yield (%) My (g/mol)
35 100.00 8,050
100 52.00 12,400
250 31.20 28,600
400 22.10 29,150
500 4.65 -

CH2504 =0.20 mOI/L, CAAm =0.7 mOl/L, T= 30°C, t =60 min.

reported that manganese dioxide is produced by the
interaction of vinyl monomer with permanganate
and then manganese dioxide dissolves in acid pro-
ducing highly reactive Mn(III) ions.'?? Both Mn(IV)
or Mn(IlI) ions are reduced to Mn(II) ions during the
polymerization reaction. The Mn(Il) species that are
formed at the end of the polymerization reaction
are absorbed by the polymer.?!:2>-30-32.37 The depen-
dence of the concentration of Mn(Il), which is in-
corporated into the polymer, on the initiator con-
centration in the polymerization reaction is given in
Fig. 7. It is seen that the amount of Mn(II) bound to

3.2 -

Mn (mg/L)
I
=

-
m
1

0.8

1] 100 200 300 400 500

NaanfNceqy)

FIGURE 7. The relationship between the concentration
of Mn(ll) bound to the polymer and the molar ratio of
acrylamide to initiator at the beginning of polymerization
reaction. T=30°C; t= 1 h; Caam = 0.7 mol/L; Ch,s0, =
0.05 mol/L; nceqv) = 0.5Mpmsa; Cpolymer = 0.25 g/dL.
Abbreviations: AAm, acrylamide; Ce(lV), cerium(I1V)
sulfate tetrahydrate; DMSA, meso-2,3-
dimercaptosuccinic acid.
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the polymer changes with the initial concentration
of permanganate.

I Conclusion

The effects of temperature, polymerization time,
sulfuric acid concentration, and initiator concentra-
tion on the yield and molecular weight of the poly-
mer were investigated in the synthesis of PAAms
containing DMSA end groups. The obtained AAm
polymers were characterized by spectrometric (UV
and FI-IR), atomic absorption, and particle-size
measurements. The results of atomic absorption
measurements indicated that there is an increase in
the amount of Mn(Il) bound to the polymer with
increasing initial concentration of permanganate in
the polymerization reaction. The UV spectrum of the
polymer shows a new adsorption band at 254 nm,
which can be ascribed to the complexation of the
polymer with Ce(Ill). In addition, the FI-IR spec-
trum of the polymer shows a reasonable chemical
shift of the position of N—H stretching vibration
band at 3430 cm~!. This implies the complexation
tendency of Ce(Ill) with the amido groups. The
formation of high-molecular-weight polymer might
also be due to the chelating effect of Ce(Ill) as de-
scribed previously.**3! In the polymerization reac-
tion of AAm initiated by Ce(IV)-DMSA or KMnOjy-
DMSA redox systems in aqueous acidic medium,
the formation of —S5°* is energetically most favorable
because of low S—H bonding energy. As a result,
DMSA is a convenient radical source for the gener-
ation of radicals to initiate AAm polymerization at
room temperatures and these low-temperature poly-
merization methods provide advantages because it
is an energy-saving process and gives polymer with
low branching.

I Acknowledgments

This work was supported by the Research Fund
of the University of Istanbul, project number T-1800.

I References

1. Friedman, M. J. Agric Food Chem 2003, 51, 4504.

2. Wallace, A.; Wallace, G. A.; Abouzam, A. M. Soil Sci 1986,
141, 377.

3. Dos Santos, L. A.; Carrodeguas, R. G.; Boschi, A. O.; De
Arruda, A. C. Artif Organs 2003, 27, 412.

. Sojka, R. E.; Entry, J. A. Environ Pollut 2000, 108, 405.

. Walker, P; Kelley, T. Bioresour Technol 2003, 90, 151.

. Barvenik, F. W. Soil Sci 1994, 158, 235.

. Lentz, R. D.; Sojka, R. E. Soil Sci 1994, 158, 274.

. Singh, G.; Letey, ].; Hanson, P; Osterli, P.; Spencer, W. F. |
Environ Sci Health 1996, B31(1), 25.

9. daSilva, D. A.; de Paula, R. C. M; Feitosa, ]. P. A. Eur Polym
J 2007, 43, 2620.

10. Biswal, D. R; Singh, R. P. Carbohydr Polym 2004, 57, 379.

11. Mundargi, R. C.; Patil, S. A.; Agnihotri, S. A.; Aminabhavi,
T. M. Drug Dev Ind Pharm 2007, 33, 79.

12. Tripathy, T.; Singh, R. P. Eur Polym J 2000, 36, 1471.

13. Laue, C.; Hunkeler, D. J. Appl Polym Sci 2006, 102, 885.

14. Singh, V.; Pandey, S.; Singh, S. K.; Sanghi, R. Sep Purif Technol
2009, 67(3), 251.

15. Yiamsawas, D.; Kangwansupamonkon, W.; Chialapakul, O.;
Kiatkamjornwong, S. React Funct Polym 2007, 67, 865.

16. Karadag, E.; Uzim, O. B.; Saraydin, D. Eur Polym ] 2002,
38(11), 2133.

17. Mohan, Y. M.; Murthy, P. S. K.; Raju, K. M. React Funct Polym
2005, 63, 11.

18. Li, P; Siddaramaiah; Kim, N. H; Yo, G. H.; Lee, J. H. ] Appl
Polym Sci 2009, 111(4), 1786.

19. Misra, G. S.; Bajpai, U. D. N. Prog Polym Sci 1982, 8, 61.

20. Sarag, A. S. Prog Polym Sci 1999, 24, 1149.

21. Ozeroglu, C,; Ozduganm, C. Polym Plast Technol 2006, 45,
549.

22. Launer, H. E; Yost, D. M. ] Am Chem Soc 1934, 56, 2571.
23. Narita, H.; Maghida S. Angew Makromol Chem 1966, 97, 209.

24. Mino, G.; Kaizerman, S.; Rasmussen, E. ] Polym Sci 1959, 38,
393.

25. Ozeroglu, C.; Erdogan, S. Cent Eur ] Chem 2005, 3(4), 705.

26. Hussain, M. M.; Gupta, A. Makromol Chem 1977, 178(1),
29.

27. Sarag, A. S; Erbil, C.; Soydan, A. B. ] Appl Polym Sci 1992,
44,877.

28. Erbil, C.; Cin, C.; Soydan, A. B.; Sarag, A. S. ] Appl Polym Sci
1993, 47, 1643.

29. Sarag, A. S.; Basak, A. H.; Soydan, A. B.; Akar, A. Angew
Makromol Chem 1992, 198, 191.

30. Ozeroglu, C.; Giiney, O.; Sarag, A. S.; Mustafaev, M. I. ] Appl
Polym Sci 1996, 60, 759.

31. @zeroglu, C.; Gliney, O.; Mustafaev, M. I. Angew Makromol
Chem 1997, 249, 1.

32. Ozeroglu, C.; Kurtoglu, A. E. Eur Polym ] 2001, 37, 1053.

33. Sarag, A. S.; Ozeroglu, C.; Mustafaev, M. I. ] Bioact Compat
Polym 1995, 10, 121.

34. Ozcan, M.; Akman, S.; Ozeroglu, C. Anal Lett 2002, 35(6),
1075.

35. Petrov, R. V.; Mustafaev, M. I.; Norimov, A. Sh. Sov Med Rev D
Immunol, Harwood Academic Publishers GmbH, UK, 1992,
1-113.

36. Ozeroglu, C.; Namazova, N.; Muatafaev, M. 1; Sarag, A. S.
Colloid Polym Sci 1996, 274, 418.

37. Ozeroglu, C.; Sezgin, S. Express Polym Lett 2007, 1(3), 132.

X N O U1

52

Advances in Polymer Technology DOI 10.1002/adv



meso-2,3-DIMERCAPTOSUCCINIC ACID-Ce(1V) REDOX COUPLE FOR ACRYLAMIDE POLYMERIZATION

38. Pandey, P. K. Srivastava, A.; Tripathy, J.; Behari, K. 42. Hsu, W. C,; Kuo, J. E; Chen, C. Y. ] Polym Sci Part A: Polym
Carbohydr Polym 2006, 65, 414. Chem 1992, 30(11), 2459.
39. Chuah, H. H; Lin-Vien, D.; Soni, U. Polymer 2001, 42, 7137. 43. Hsu, W. C.; Kuo, J. F; Chen, C. Y. ] Polym Sci Part A: Polym
40. Hsu, W. C.; Kuo, J. E; Chen, C. Y. ] Polym Sci Part A: Polym Chem 1992, 31(13), 3213.
Chem 1993, 31(1), 267. 44. Lozinsky, V. I; Ivanov, R. V;; Kalinina, E. V.; Timofeeva,
41. Hsu, W. C.; Chen, C. Y;; Kuo, . E; Wu, E. M. Polymer 1994, G. I; Khoklov, A. R. Macromol Rapid Commun 2001, 22,
35(4), 849. 1441.

Advances in Polymer Technology DOI 10.1002/adv 53



