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Abstract  Cross-linked poly(diallyldimethylammonium chloride) and its derivative copolymers were synthesized and used 
as phase transfer catalyst in the nucleophilic substitution reaction especially halogen exchange reactions. In addition, the 
effect of hydrophilic-hydrophobic character of the polymers in the nucleophilic reactions was investigated. 
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INTRODUCTION 

Phase transfer catalysts (PTC) facilitate inter-phase transfer of species and therefore make reactions between 
reagents in two immiscible phases possible. Phase transfer catalysts have been used widely in the synthesis of 
various organic chemicals in both liquid-liquid and solid-liquid systems[1]. In the other words, this technique has 
been widely used in organic synthesis and also in industrial applications such as synthesis of dyes, 
pharmaceutics, perfumes, flavorants, agricultural chemicals, monomers and also polymers[2]. 

However, one of the most important problems in the applications of soluble phase transfer catalysts such as 
quaternary onium salts is separation of the catalyst from reaction mixture and also its subsequent reuse or 
disposal. Using insoluble phase transfer catalysts is a significant advancement for these problems, because of 
their easy separation and potential for recycling[2]. During the last decades much interest have been focused on 
the applications of functionalized polymers as phase transfer catalysts because they provide great ease in 
separation of the catalyst and isolation of the products[3, 4]. However, the higher cost, the lake of physical and 
chemical stability and lower activity are disadvantages of traditional insoluble polymer supported phase transfer 
catalysts[5]. 

Poly(diallyldimethylammonium chloride) was first prepared in the 1950 s[6]. The kinetics and mechanism of 
the polymerization process as well as the structure of the resulting polyelectrolyte from 
diallyldimethylammonium chloride were elucidated in these years[7, 8]. Because of unique chemical structure of 
poly(diallyldimethylammonium chloride), the research about it and also its copolymer and derivatives has not 
diminished[911]. Interestingly, the highly hydrophilic permanently charged quaternary ammonium groups 
provide the polymer with high water solubility and solution properties corresponding to those of strong 
polyelectrolytes[12]. 
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Although the primary applications of this polymer remain in flocculation, dewatering, coagulation, 
retention, flotation and similar separation processes, some other emerging applications have been reported in 
recent years[13]. One of the new applications is the using of poly(diallyldimethylammonium chloride) as phase 
transfer catalyst. Recently, we have reported the use of cross-linked poly(diallyldimethylammonium chloride) as 
an efficient polymeric phase transfer catalyst in chemo-selective and regio-selective reduction of aldehydes and 
ketones by NaBH4 under solid-liquid system[2] and also under solvent-free condition[14]. 

In this article, a systematic study was carried out on the use of cross-linked poly(diallyldimethylammonium 
chloride) and its derivative copolymers as a very efficient phase transfer catalysts in nucleophilic substitution 
reactions. 

EXPERIMENTAL 

Materials and Techniques 
Diallyldimethylammonim chloride (65%) was purchased from Fluka. N,N′-methylenebisacrylamide was used as 
crosslinking agent and was purchased from Merck. Solvents were distilled and used. Other reagents were 
purchased from Merck and used without further purifications. In order to obtain reaction yields, gas 
chromatography was used and recorded on a Shimidazu GC14-A. IR spectra were run on a Perkin-Elmer-IR-
157.G spectrophotometer. NMR spectra were recorded on a Bruker Advance DPX instrument (300 MHz). TGA 
spectra were obtained by TGA-Q-50-V6.3 build 189. 

Synthesis of Diallylbutylamine 
Butylamine (0.1 mol, 7.31 g) in a three necked round bottomed flask was placed in an ice bath and agitated 
vigorously with magnetic stirrer. Allyl chloride (0.23 mol, 17.60 g) and a solution of sodium hydroxide         
(0.25 mol, 10.0 g) in 100 mL of water were added separately over a 1 h period. A thick white precipitate was 
formed. The slurry mixture was then heated at 36C for 3 h and at 60C for an additional 3 h. The mixture was 
cooled and the precipitate was filtered. The organic layer was separated and the aqueous phase was extracted 
with three 150 mL portions of ether. The organic extracts were combined, dried over 5 g NaOH and fractionally 
distilled at atmospheric pressure. The product (7.81 g, 51%) was collected as colorless oil. FTIR: 3084 cm1     
(C＝C―H), 2954 cm1 (C―H), 1641 cm1 (C＝C), 1465 cm1 (CH2), 1375 cm1 (CH3), 720 cm1 (sequence 
CH2); 

1H-NMR (300 MHz), CDCl3/ : 0.96 (3H, t), 1.28 (2H, m), 1.35 (2H, m), 2.3 (2H, t), 3.22 (2H, d),         
3.4 (2H, d), 5.1 (2H, t), 5.77 (4H, m). 

Synthesis of Diallylbutylmethylammonium Iodide (1) 
To a solution of diallylbutylamine in ethanol (3 mol/L, 100 mL) placed in a 250 mL round bottom flask was 
added one equivalent of methyl iodide. The resulting mixture was allowed to stir at 60C for 72 h. At the end of 
this time the solvent was removed under reduced pressure. The residue was dissolved in distillated water and 
extracted with diethyl ether (3 × 200) to remove un-reacted reagents. The aqueous solution was freeze-dried to 
isolate the methylbutylammonium iodide. The compound was obtained as waxy solids. FTIR: 3084 cm1           
(C＝C―H), 2954 cm1 (C―H), 1641 cm1 (C＝C), 1465 cm1 (CH2), 1375 cm1 (CH3), 720 cm1 (sequence 
CH2). 

Synthesis of Diallylhexylamine (2a) 
Diallylamine (0.24 mol, 23.32 g) and 1-bromohexane (0.06 mol, 9.90 g) in a 50 mL of ethanol were refluxed 
overnight under argon atmosphere. The solvent was removed and crude product was dissolved in 100 mL of 
CH2Cl2 and washed three times with aqueous NaOH (pH = 12). After evaporation of the solvent, brownish 
liquid was distilled under reduced pressure (1333.20 Pa) at 100C to give 8.7 g (yield 80%) of colorless liquid. 
FTIR: 3084 cm1 (C＝C―H), 2954 cm1 (C―H), 1641 cm1 (C＝C), 1465 cm1 (CH2), 1375 cm1 (CH3),     
720 cm1 (sequence CH2); 

1H-NMR (300 MHz), CDCl3/ : 0.99 (3H, t), 1.25 (6H, m), 1.36 (2H, m), 2.51 (2H, t), 
3.19 (2H, d), 3.29 (2H, d), 5.19 (4H, t), 5.75 (2H, m). 
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Synthesis of Diallyloctylamine (2b) 
Diallylamine (0.2 mol, 19.43 g) and 1-bromooctane (0.06 mol, 11.59 g) were refluxed for 24 h in a 50 mL of 
ethanol under argon atmosphere. The solvent was removed and crude product was dissolved in 100 mL of 
CH2Cl2 and washed three times with aqueous NaOH (pH = 12). After evaporation of the solvent, brownish 
liquid was distilled under reduced pressure (1333.20 Pa) at 160C to give 9.55 g (yield 76%) of colorless oil. 
FTIR: 3084 cm1 (C＝C―H), 2954 cm1 (C―H), 1641 cm1 (C＝C), 1465 cm1 (CH2), 1375 cm1 (CH3),     
720 cm1 (sequence CH2); 

1H-NMR(300 MHz), CDCl3/ : 0.96 (3H, t), 1.22 (10 H,m), 1.29 (2H, m), 2.49 (2H, 
t), 3.16 (2H, d), 3.25 (2H, d), 5.16 (4H, t), 5.73 (2H, m). 

Synthesis of Diallyldodecylamine (2c) 
Diallylamine (0.16 mol, 15.55 g) and 1-bromododecane (0.04 mol, 9.97 g) were refluxed for 48 h in 75 mL of 
ethanol under argon atmosphere. The solvent was removed and crude product was dissolved in 200 mL of 
CH2Cl2 and washed three times with aqueous NaOH (pH = 12). Solvent and excess diallylamine were 
evaporated at ambient pressure (115C) and the brownish residual liquid was distilled under reduced pressure 
(1333.20 Pa) at 185C to give 8.81 g (yield 83%) of oil liquid. FTIR: 3084 cm1 (C＝C―H) , 2954 cm1      
(C―H), 1641 cm1 (C＝C), 1465 cm1 (CH2), 1375 cm1 (CH3), 720 cm1 (sequence CH2); 

1H-NMR             
(300 MHz), CDCl3/ : 0.99 (3H, t), 1.30 (18H, m), 1.4 (2H, m), 2.45 (2H, t), 3.18 (2H, d), 3.31 (2H, d), 5.2 (4H, 
t), 5.75 (2H, m). 

Preparation of Quaternary Ammonium Salts 2a, 2b and 2c 
To a solution of (2a, 2b, 2c) (3 mol/L) in ethanol placed in a 250 mL round bottom flask one equivalent of 
methyl iodide was added. The resulting mixture was allowed to stir at 60C for 72 h. At the end of this time the 
solvent was removed under reduced pressure. The residue was dissolved in distillated water and extracted with 
diethyl ether (3 × 100) to remove un-reacted reagents. The aqueous solution was freeze-dried to isolate the 
corresponding alkylmethylammonium iodide monomer. The monomer was obtained as waxy solids. Diallyl-
hexylmethylammonium iodide 3, -octylmethyl ammonium iodide 4 and -dodecylmethylammonium iodide 5 
were obtained in near 94% yield. FTIR: 3084 cm1 (C＝C―H), 2954 cm1 (C―H), 1641 cm1 (C＝C),         
1465 cm1 (bend CH2), 1375 cm1 (CH3) , 720 cm1 (sequence CH2). 

Preparation of Cross-linked Poly(diallyldimethylammonium chloride) (PDADMAC) 
An aqueous solution of diallyldimethylammonium chloride (6.0 g in 4.0 g deionized water, 60% W/W) and N,N′-
methylenebisacrylamide as cross-linking agent (0.06 g, 0.39 mmol) was added to a three necked round bottom 
flask which equipped with a condenser, an argon inlet and an argon outlet. The solution was purged with argon 
for 45 min at room temperature and then was placed in an oil bath (65C). An aqueous solution of ammonium 
persulphate (0.12 g, 2% W/W) was added slowly in 1.5 h to the monomer solution. After 24 h the mixture was 
poured in acetone and cross-linked polymer was filtered. This polymer was washed three times with acetone for 
separation of the monomer residue. Finally the polymer was dried under vacuum at 55C (5.1 g, 83%). FTIR: 
2954 cm1 (C―H), 1664 cm1 (amide C＝O), 1465 cm1 (CH2), 1375 cm1 (CH3). 

Preparation of the Cross-linked Copolymers  
An aqueous solution of diallyldimethylammonium chloride (3 g) and corresponding comonomers (1, 2a, 2b and 
2c) (3 g) in deionized water (4 mL) and N,N′-methylenebisacrylamide as cross-linking agent (0.06 g, 0.39 mmol) 
was added to a three necked round bottom flask which equipped with a condenser, an argon inlet and an argon 
outlet. The mixture was polymerized in the presence of ammonium persulphate (0.12 g, 0.53 mmol) as the 
initiator at 65C under argon atmosphere. After 24 h, the precipitated cross-linked copolymer was filtered easily 
and dried under vacuum condition at 50C overnight. The yield of copolymers was as follow: copolymer 1     
(4.5 g, 75%), copolymer 2 (4.9 g, 82%), copolymer 3 (3.6 g, 60%) and copolymer 4 (3.2 g, 53.3%). FTIR:    
2954 cm1 (C―H), 1664 cm1 (amide C＝O), 1465 cm1 (CH2), 1375 cm1 (CH3). 

General procedure for Anion Exchange in Polymers 
The cross-linked copolymer (5.0 g) was added to the aqueous solution of NaCl (2 mol/L, 100 mL) and the 
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mixture was stirred for 12 h. Then the mixture was filtered and washed carefully with distilled water, ether and 
dried at 50C under reduced pressure. 

Nucleophilic Substitution Reactions 

Reaction of octylbromide with potassium thiocyanate in the liquid-liquid-solid condition 
The cross-linked copolymer (0.50 g), octylbromide (0.01 mol, 1.93 g), KSCN (0.02 mol, 1.10 g), CHCl3         
(10 mL) and water (5 mL) were charged in a round bottomed flask. Then, the reaction mixture was stirred at 
60C for 24 h. After this time, the copolymer was recovered by filtration and yield of the reaction was obtained 
by GC analysis. 

Reaction of octylbromide with potassium thiocyanate in the solid-liquid condition 
The cross-linked copolymer (0.50 g), octylbromide (0.01 mol, 1.93 g), KSCN (0.02 mol, 1.10 g) and acetonitrile 
(10 mL) were charged in a round bottomed flask. Then, the reaction mixture was stirred and refluxed for 12 h. 
After this time, the copolymer was recovered by filtration and yield of the reaction was obtained by GC analysis. 

Reaction of octylbromide with potassium iodide in the liquid-liquid-solid condition 
The cross-linked copolymer (0.50 g), octylbromide (0.01 mol, 1.93 g), KI (0.05 mol, 8.30 g), toluene (25 mL) 
and water (5 mL) were charged in a round bottomed flask. Then, the reaction mixture was stirred at 100C for    
24 h. After this time, the copolymer was recovered by filtration and yield of the reaction was obtained by GC 
analysis.  

Reaction of octylbromide with potassium iodide in the solid-liquid condition 
The cross-linked copolymer (0.50 g), octylbromide (0.01 mol, 1.93 g), KI (0.05 mol, 8.30 g), and acetonitrile  
(10 mL) were charged in a round bottomed flask. Then, the reaction mixture was stirred and refluxed for 12 h. 
After this time, the copolymer was recovered by filtration and yield of the reaction was obtained by GC analysis. 

RESULTS AND DISSCUSION 

Synthesis and Characterization of the Functional Polymers 
Polymerization of diallyldialkylammonium salts through an alternating intramolecular-intermolecular 
mechanism (popularly known as “cyclopolymerization”) is an established approach to prepare high molecular 
weight polymeric ammonium compounds containing five member cyclic rings along the polymer backbone[15]. 
The modification of diallylamine to various diallyldialkylammonium salts and their free radical polymerization 
have produced a variety of functional polyammonium salts. By varying the nature of alkyl substituents, 
hydrophilicity and hydrophobicity affinity in polycations have been controlled[16, 17]. These 
diallyldialkylammonium monomers have also been copolymerized with other monomers to produce novel 
polymeric structures that have found uses in various applications. 

In the present study, the appropriate amphiphilic diallyldialkylammonium monomers were prepared in two 
steps. In the first step, desired alkyldiallylamines were prepared by reaction of diallylamine with a long chain 
alkyl bromide (hexyl, octyl and dodecyl bromide) but for butyldiallylamines by reaction of butylamine with 
allylchloride. Then, alkyldiallylamines were quaternized by reaction with methyl iodide (Scheme 1). These 
reactions are in general quite efficient and high yield (greater than 70% in each case). 

The regular increasing of hydrophobicity character of these monomers from butyl to dodecyldiallylamine 
was the main reason for their selection in this study. Furthermore, these monomers are water soluble and exhibit 
surfactant like properties in water. 

Previous kinetic studies indicate that to achieve high conversion, high molecular weight and also low 
residual double bonds in the cyclopolymerization of diallyldialkyl quaternary ammonium monomers, the 
optimum monomer concentration should be 50%65%[1820]. In addition, cyclocopolymerization of diallyl-
quaternary ammonium monomers in such a high concentration has been reported to yield a random 
copolymer[21]. 
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With regard to the above information, the cross-linked copolymers were synthesized via reaction of the 
desired comonomers in 60%95% concentration and in the presence of N,N′-methylenebisacrylamide as a cross-
linking agent (Scheme 2). 

 
Scheme 1  Synthesis of diallylmethylalkylammonium iodide monomers 

 
Scheme 2  Copolymerization of monomers in presence of crosslinking agent 

 

Following characteristic peaks were observed in FTIR spectra of the synthesized polymers and cross-linked 
copolymers: at 2954 cm1 for C―H, 1465 cm1 for CH2, 1375 cm1 for CH3 and 720 cm1 for sequence CH2. In 
addition, the peaks at 3084 cm1 for C＝C―H and 1641 cm1 for C＝C related to monomers were completely 
absent. Furthermore, in the case of cross-linked copolymers a peak at 1664 cm1 for C＝O (amide) related to the 
N,N′-methylenebisacrylamide was observed. 

Thermal behavior and stability of the copolymers were investigated by thermo-gravimetric analysis (TGA). 
TGA curves of the polymers are shown in Fig. 1. 

These curves show that the thermal stability of these copolymers decreases slightly with increase in the 
length of the alkyl chain. These results suggested that degradation occurred in side chain at first and moved to 
lower temperatures with increasing side chain length. The onset of main degradation steps are situated between 
220C and 300C. The degradation for dodecyl side chain was initiated at 220C and for other copolymers this 
temperature regularly increased to 300C. Weight lose in the lower temperatures (< 150C) is related to water 
existing in some of the copolymers. 

Finally, degree of swelling of the cross-linked polymers in different solvents was determined (Table 1). As 
it can be expected the swelling percent of the cross-linked polymers were increased in apolar solvents with 
increasing of their alkyl side chain length and vice versa in polar solvents. 
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Fig. 1  Comparative TGA curves of the copolymers

 
Table 1. The swelling percent of the cross-linked polymers in different solvents 

Entry Solvent Homopolymer Copolymer 1 Copolymer 2 Copolymer 3 Copolymer 4 
1 H2O 0.3 0.3 0.21 0.2 0.14 
2 EtOH 0.52 0.45 0.4 0.31 0.26 
3 Et2O 1.6 1.6 1.8 2.1 2.5 
4 THF 2.1 2.6 3 3.1 3.8 

Applications  
Nucleophilic reactions are an important method in organic synthesis. To accelerate the reaction of alkyl halides 
with metal salts, phase transfer catalyst is often used. 

At first, for examination of catalytic behavior and efficiency of the synthesized functional polymers as 
phase transfer catalyst in nucleophilic substitution reactions, the reaction of potassium thiocyanate and 
potassium iodide with octylbromide was selected as a standard reaction. These reactions were performed in two 
different conditions involving liquid-liquid-solid (LLS) and solid-liquid (SL) conditions (Scheme 3). 

 

 
Scheme 3  Nucleophilic reactions carried out with copolymers as PTC 

 

The results of these reactions are summarized in Table 2. 
As it is shown in Table 2, there is a remarkable difference between efficiency of these polymeric catalysts 

in LLS-PTC and SL-PTC conditions. Generally, it can be expected that the structure of phase transfer catalyst 
has a higher effect in LLS-PTC than in SL-PTC condition because of the non-polar character of organic solvents 
usually used in LLS-PTC. In reaction of octylbromide with KSCN under LLS-PTC system, the effect of PTC 
was more important and with increasing side chain length the yield of reactions was much improved. In the 
reaction of octylbromide with KI with regard to the size of iodide anions a more balance between hydrophilicity 
and hydrophobicity character of polymeric catalyst was needed and therefore the copolymer 3 which had octyl 
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side chains showed the best result and with dodecyl side chain also the yield of reaction was decreased. 
Interestingly in SL-PTC system with using acetonitril as an aprotic solvent because of high power of the solvent 
there is not a remarkable difference between the catalysts, and the yield of reactions of KSCN and also KI with 
all of them was almost the same. 

 
Table 2. Reaction of octylbromide with KSCN and KI under LLS-PTC and SL-PTC conditions 

Catalyst 

LLS-PTC 
KSCN (at 60C) 

LLS-PTC 
KI (at 100C) 

SL-PTC 
KSCN (at 80C) 

SL-PTC 
KI (at 80C) 

Solvent 
Yield 
(%) 

Solvent 
Yield 
(%) 

Solvent
Yield 
(%) 

Solvent 
Yield 
(%) 

Homopolymer CHCl3/H2O 1.39 
Toluene 

/H2O 
6.5 CH3CN 99.8 CH3CN 98.2 

Copolymer 1 CHCl3/H2O 14 
Toluene 

/H2O 
46.4 CH3CN 100 CH3CN 98.7 

Copolymer 2 CHCl3/H2O 22 
Toluene 

/H2O 
80 CH3CN 99.9 CH3CN 98.6 

Copolymer 3 CHCl3/H2O 80.7 
Toluene 

/H2O 
100 CH3CN 99.5 CH3CN 99.9 

Copolymer 4 CHCl3/H2O 95 
Toluene 

/H2O 
11.1 CH3CN 100 CH3CN 99.5 

 

In continuation of this research the synthesized copolymers were used in fluorine-exchange reactions. The 
phase-transfer catalysis fluorine-exchange reactions could only be carried out in the solid- liquid system because 
of the water sensitivity of these reactions, and potassium fluoride and also acetonitril must be quite dry before 
use. In addition, in this reaction the type of counter ion of the phase transfer catalyst is very important. As we 
observed, if the counter ion was iodide the reaction was not performed but with a change to fluoride the reaction 
was carried out. 

The results of the reaction of benzyl bromide with potassium fluoride and also reaction of 2,4-dinitro-
chlorobenzene with potassium fluoride under LS-PTC condition are summarized in Table 3 (Scheme 4). 

 
Table 3. Fluorine-exchange reactions with KF under LS-PTC condition in acetonitrile 

Entry Catalyst 
Substrate 

Benzyl bromide 2,4-Dinitro-chlorobenzene 
Temp (C) Yield (%) Temp (C) Yield (%) 

1 Homopolymer 80 43 80 29 
2 Copolymer 1 80 47 80 26 
3 Copolymer 2 80 57 80 37 
4 Copolymer 3 80 71 80 64 
5 Copolymer 4 80 85 80 62 

 

 
Scheme 4  Nucleophilic reaction between benzyl bromide and 2,4-dinitro-chlorobenzene with potassium fluoride 

 

As shown in Table 3, there is a remarkable difference between efficiency of the polymeric catalysts, and the 
best yield is obtained from the copolymer 4 which has the lowest hydrophilicity character. 

In addition, comparison of results of SL-PTC system in Tables 2 and 3 shows that in the fluorine-exchange 
reactions there is a remarkable difference between the polymeric catalysts contrary to reaction of octylbromide 
with KSCN and KI. This is reasonable because of the more sensitivity of fluorine-exchange reactions to the 
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polarity of catalytic center and its environment. 
Finally, in both catalytic systems (LLS-PTC and SL-PTC) workup of the reaction was easy and the 

polymeric catalyst can be removed from the reaction mixture via simple filtration. The filtered polymeric 
catalyst could be recovered several times and used without any loss in its capacity and efficiency. 

CONCLUTIONS 

In conclusion we have demonstrated that cross-linked copolymers of diallyl dimethylammonium chloride and its 
alkylated derivates (butyl, hexyl, octyl and dodecyl) are useful and efficient polymeric phase transfer catalysts 
for the nucleophilic substitution reaction especially in fluorine-exchange reactions. In addition, it is shown that 
the action of these catalysts depends on some factors such as solvent, counter ion of the catalyst and structure of 
catalysts. These polymeric catalysts have the inherent advantages of a solid catalyst, including operational 
simplicity, filterability, and reusability. 

ACKNOWLEDGMENT  We are thankful to the Research Council of the University of Tehran. 

 
 
REFERENCES 
 
1 Naik, D.S. and Doraiiswamy, L.K., AIChE J., 1998, 44: 612 

2 Mahdavi, H., Haghani, E. and Malakian, B., React. Funct. Polym., 2006, 66: 1033 

3 Luo, J., Lü, C.X., Cai, C. and Qü, W.C., J. Fluorine Chem., 2004, 125: 701 

4 Chen, Z.X., Xu, G.Y., Yang, G.C. and Wang, W., React. Funct. Polym., 2004, 61: 139 

5 Akelah, A. and Moet, A., “Functionalized polymers and their applications”, Chapman and Hall, New York, 1990, p. 110 

6 Butler, G.B. and Ingley, F.L., J. Am. Chem. Soc., 1951, 72: 894  

7 Wandrey, C., Jaeger, W. and Reinisch, W.G., Acta Polym., 1981, 32: 197  

8 Jaeger, W., Hahn, M. and Wandrey, C., in “Polymer reaction engineering”, eds. by Reichert, K.H. and Geiseler, W., 

VCH Weinheim, Lausanne, 1989, p. 239 

9 Butler, G.B., “Cyclopolymerization and cyclocopolymerization”, Marcel Dekker, New York, 1992, p. 10  

10 Butler, G.B. and Zhang, N.Z., “Water soluble polymers” (ACS Symposium Series 467), eds. by Shalaby, W.,  

Mc Cormic, C.L. and Butler, G.B., American Chemical Society, Washington DC, 1991, p. 25 

11 Jaeger, W., Gohlke, U., Hahn, M., Wandrey, C. and Dietrich, K., Acta Polym., 1989, 40: 161  

12 Dautzenberg, H., Jaeger, W., Kötz, B., Philipp, J., Seidel, C. and Stscherbina, D., “Polyelectrolytes: formation, 

characterization, application”, Carl Hanser Verlag, München, 1994 

13 Wandrey, C., Hernandez, J., Barjas, B. and Hunkeler, D., Adv. Polym. Sci., 1999, 45: 123 

14 Mahdavi, H. and Haghani, E., Chinese J. Chem., 2008, 26: 1 

15 Tuzun, N.S., Aviyente, V. and Houk, K.N., J. Org. Chem., 2002, 67: 5068 

16 Wang, G.J. and Engberts, J.B.F.N., J. Org. Chem., 1994, 59: 4076 

17 Ali, M.M., Perzanowski, H.P. and Ali, S.A., Polymer, 2002, 41: 5591 

18 Butler, G.B. and Angelo, R.J., J. Am. Chem. Soc., 1957, 79: 3128 

19 Butler, G.B. and Ingley, F.L., J. Am. Chem. Soc., 1951, 72: 894 

20 Boothe, J., Flock, E. and Hoover, M.F., J. Macromol Chem. A, 1970, 4: 1419 

21 Butler, G.B., Do, C.H., in “Water soluble polymers” (ACS Sumposium Series 467), eds. by Shalaby, W.,  

Mc Cormic, C.L. and Butler, G.B., American Chemical Society, Washington DC, 1991, p. 151 

22 Gordon, J.E. and Kutina, R.E., J. Am. Chem. Soc., 1977, 99: 3903 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


