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Abstract 
 
 Gamma radiation induced copolymerization of acrylamide sodium-acrylate 
(AM-AANa) in absence and presence of the polymer additive (template polymer) was 
studied at low monomer concentration(1.4M/l). The results showed that the exponents 
of the dose rate for the polymerization rate were found to be 1.3 & 1.4 in the absence 
and in the presence of the polymer additive(template polymer) respectively. The 
molecular weight of the formed copolymer increased by addition of the polymer to the 
system. In the presence of the polymer the comonomers polymerize on the added 
polymer. In the absence of  the added polymer the comonomers  polymerize 
according to the copolymerization process at the initial stage of the coplymerization. 
While at high conversion the residual comonomers polymerize on the formed 
macromolecular chains of the produced polymer. These studies showed that the 
copolymerization in the presence of the added polymer is completely template 
copolymerization while in the absence of the added polymer the copolymerization 
process is only template process at a high conversion. 
 
Introduction 
 

Template or matrix polymerization  can be defined as a method of polymer 
synthesis  in which interaction between performed macromolecules(template) and 
growing chains are studied. The interaction may be covalent , ionic , hydrogen 
bonding or Van der waals in type . In this type of polymerization complexes can be 
formed between two different types of polymers under suitable conditions (1-9). 
These interactions affect the structure of the polymerization product (daughter 
polymer) and the kinetics of the process (10,11). The term template polymerization 
usually refers to one phase systems in which monomer , template and the reaction 
products are soluble in the same solvent . The template polymerization can proceed 
according to two general mechanisms of reaction step polymerization and   chain 
polymerization. The template reaction depends on the mechanism of the 
polymerization processes. In the present work , the copolymerization of acrylamide- 
sodium acrylate (AM-AANa) in the absence and in the presence of polymer was 
studied 
 
Materials and Experimental Technique 
 

Reagent grade acrylamide (AM) BDH product, acrylic acid (AA) (Merck 
product) was used after distillation under vacuum.  

Sodium acrylate was prepared by treating acrylic acid with 0.1N NaOH. 
Acrylamide (AM)-Sodium acrylate (AANa) in a deoxygenated water at the required 
concentration in glass ampoules were de-aerated by pure nitrogen gas. The deaerated 
samples were subjected to γ- radiation from  60Co cell at room temperature and a dose 
rate  10 kGy/hr. After irradiation , the reaction mixture was then taken out and poured 
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into excess acetone to precipitate the formed copolymer. The polymer was separated 
from the solution by filtration  and dried under vacuum at 50 oC. The conversion 
percent was determined by bromometric titration (8) for determination of the 
unreacted double bonds of the polymerized monomers.  The rate of 
polymerization(Rp) was calculated using the following equation: 

 
                 Rp =q[M]/t                                       1 

Where q, M and t are the conversion , the monomer concentration  and the time of 
polymerization respectively. 
The intrinsic viscosity of the polymer (η) was determined in 1N NaNO3 at 30 oC 
using Ubbelohd viscometer.  The weight average molecular weight (Mw) was 
calculated from the data of the intrinsic viscosity using the following equation 
(8,12,13): 
                η = 3.7 x 10-4 Mw

0.66                                            2 
 
  DPn= Mw  /2w , where Dp and w are the degree of polymerization and the molecular 
weight of the monomer respectively. 
The prepared copolymer poly(acrylamide-sodium acrylate) P(AM-AANa) , 
acrylamide (AM) and sodium acrylate(AANa) at the required concentration were used 
to prepare polymer/ monomer mixture as mentioned hereabove. This mixture was 
irradiated in a gamma  cell for preparation of the polymer. 
 
1-Copolymerization of acrylamide-sodium acrylate(AM-AANa) 
 

In homopolymerization and copolymerization of monomers(8) such as : acrylic 
acid, methyl acrylate , ethyl acrylate , vinyl acetate , and acrylamide the conversion 
curves follow a pattern typical of auto-catalytic reactions(14,15,16). The 
polymerization proceeds with a constant rate, but after a certain conversion has been 
reached (critical conversion) , the overall polymerization rate suddenly increases to a 
value that is several times greater that the initial polymerization rate. Almost 
simultaneously, the molecular weight of the resulting polymer rises. Beyond the 
critical conversion the  increase in the conversion  continuously slows down to 
complete conversion; the abrupt increase in the polymerization rate is referred to as 
the auto-acceleration period (17-20). Such behavior is referred to as the gel effect or 
Tromsdroff effect. It was noted that the acceleration period is accompanied by 
considerable over heating of the system ( the local overheating results in an increased 
reaction rate which further increases the temperature)(8). 

In polymerization reactions at high conversion once the reaction medium has 
reached the critical viscosity, the growing polymer chains are trapped in the highly 
viscous medium. The increase in the reaction rate and molecular weight of the 
resulting polymer can be based in principle on the assumption of either an accelerated 
propagation reaction or reduced termination rate. The second assumption seems much 
more likely on theoretical grounds and can be readily accounted the termination by 
mutual interaction of two high molecular weight growing chains become diffusion-
controlled in highly viscous medium (21). So the propagation reactions are reduced as 
results of the slowing migration of the monomer molecules (17). It was found that in 
the polymerization of methyl methacrylate, vinyl acetate, acrylamide sodium acrylate 
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and acrylamide –diallylethylamine hydrochloride, the decrease in kt occurred first but 
kp also dropped after 50% conversion. Accordingly the ratio of the rate constants 
kp/kt

0.5 increases (18). 

 

 The termination reaction is hindered to a great extent as it required by 
migration of growing macromolecular chains which buried in the system. The 
termination by interaction of two active chain-ends becomes more unlikely or even 
impossible owing two the lake of mobility of the polymer chains. These termination 
reactions in the case of the gel state are diffusion controlled (22). The decrease in kt 
when the reaction becomes diffusion controlled leads to the following kinetic 
consequences: a) the lifetime of the kinetic chain increases considerably at high 
conversion and consequently a marked after effect arises in the system. The increases 
in the radical lifetime have been determined directly in the case of acrylamide and 
sodium acrylate (23). b) The concentration of the growing chains necessarily rises 
with the conversion and hence the classical stationary state treatment no longer 
applies to the kinetics of such system. c) The termination reaction by mutual 
interaction of two growing chains becomes very unlikely and since the total number 
of growing chains continuously increases and the diffusion of the monomer is slowed 
down  by the high viscosity of the medium, monomolecular, termination can take 
place as a result of monomer depletion. d) The reaction order of chain termination 
changes from 2 to 1, leading to an increase in the overall reaction order with respect to 
the rate of initiation and the intensity exponent tends towards unity at high conversion 
(23). 

1.1-Influence of the dose rate 

The influence of the dose rate on the copolymerization of acrylamide –sodium 
acrylate (AM-AANa) was studied at an Am/AANa comonomer molar ratio of 2.3, a 
comonomer concentration of 1.4mol/l, and radiation dose of 0.15 kGy. The results are 
shown in fig. (1) shows that the rate of polymerization (Rp) increases while the degree 
of copolymerization.  DPn decreases with increasing the dose rate.  
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The exponent of the dose rate was determined to be (8): 

                             Rp α I1.3                                                                      3 

                                         DPn α I-0.5                                             4 

However, the dose rate exponent of the copolymerization rate at lower dose 
rate was found to be slightly higher than 0.5 for the gamma radiation – induced 
polymerization of acrylamide in aqueous solution (8). It is known that for the radical; 
polymerization the increase in the rate of initiation will increase the polymerization 
rate and decrease the degree of polymerization. In the present system the monomer 
concentration was relatively high so that initiating radicals are formed to some extent 
from the monomer and solvent. Ri my be represented as follows: 

                      Ri = Iƒ(φM[M]+ φS[S])                                 5 

Where φM and φS are the rates of production of free radical in the monomer and in the 
solvent, respectively expressed in mol/l per unit radiation dose and I is the dose rate. 
Thus the increase in the dose rate will increase the rate of initiation which increases 
the rate of polymerization Rp and a decrease in the degree of polymerization DPn.  

The observed increase in the exponent of the dose rate of the polymerization rate 
in our systems can be attributed to the peculiarity of acrylamide which scavenges 
almost the radiolytic products of water. The reduction of termination reaction of tow 
propagating radicals occurs because the reduction becomes highly viscous as the 
polymerization proceeds (trapping of live radicals).It was and found that kp/kt

0.5 for 
acrylamide exceeded that of any other polymerization system. Electron and charge 
transfer processes may also play an effective role in multiple initiations of polymeric 
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radicals. All together these leave the system highly sensitive towards radiation. So, the 
abnormally high value of the dose-rate exponent might be expected (8).  

     Equation 5 shows that the dose-rate exponent of the degree of  polymerization 
agrees with the theory.Thus,the degree of polymerization and the intrinsic viscosity 
decrease with increasing dose rate ,probably due to increased termination reaction by 
increasing the radical population at a high dose rate (24). 

    1.2. Influence of the radiation dose 

The influence of the radiation dose on the copolymerization of acrylamide-
sodium acrylate was studied at an AM/AANa comonomer molar ratio of 
2.3;comonomer concentrations of 1.4mol/l;and a dose rate of 0.54kGy(8).The results 
are shown in table 1 .It can be seen that the conversion percentage increases rapidly 
and then slowly with increasing dose (8).The significant increases in the conversion 
percentage and weight-average molecular weigh(Mw) are attributed to the gel 
effect(17,20).In the gel state, as the conversion percentage increases, the viscosity of 
the medium is highly increased and the growing polymer chains are trapped in the 
viscous medium. The propagation reaction becomes diffusion –controlled (21) as a 
result of the slowing migration of monomer molecules (21). However, the termination 
reaction is hindered to a great extent as they require the migration of macromolecular 
chains that buried in the system. 

Table (1): Effect of the absorbed dose on the conversion percentage and Mw 

 

Dose, kGy Conversion % Mw 

0.5 15 4x106 

0.7 30 4.1 x106 

0.9 50 4.2 x106 

1.2 75 4.25 x106 

3 90 4.5 x106 

9 95 5 x106 

 The termination reaction of tow active chain-ends becomes diffusion-
controlled. This is attributed to the lack of mobility of the polymer chains in highly 
viscous medium (8).Consequently the weight-average molecular weight will increase. 
After 50% conversion, the rate of conversion becomes smaller, probably due to 
monomer depletion and the fact that the propagation reaction becomes diffusion-
controlled. 

2-Polymer additive 
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2.1 The Influence of dose-rate 

         The dose-rate was varied as previously. The influence of dose-rate on the 
copolymerization in the presence of polymer-additive having Mw of 8.31x 106 and 
constant concentration of 0.5 % was studied. The absorbed dose was kept constant at 
0.15 kGy. The rate Rp and degree of copolymerization DPn are presented against dose-
rate on log-log scales as shown in figure 2. The figure shows that the rate of 
copolymerization Rp increases while the degree of copolymerization DPn decreases 
with the dose-rate. These relation are linear. From the slopes of the lines, the exponent 
of the dose-rate have been found, they are: 

                                   Rp  α [I] 1.4634                                                         6 

                                   DPn α [I] -1.9851                                                      7 

 

 

 

 

Relation 6 shows that the exponent of the dose-rate in proportion to rate of 
copolymerization is 1.4634. This is slightly higher than that of non-additive. It implies 
that the copolymerization rate is somewhat more sensitive towards the dose-rate 
within the gol-effect. This is possibly due to increasing propagation, these propagation 
are diffusion-controlled reaction (21) within this effect which is to be expected. 

        On the other hand, relation 8 shows that the exponent of the dose-rate in the 
proportion to the degree of copolymerization is -1.9851. This is much higher than in 
absence of the additive. This is mostly a consequence of hindering termination of 
macromolecular growing radicals in viscous media and so, radicals are accumulated. 
Consequently, increasing the exponent in the presence of polymer-additive may imply 
high sensitivity of the degree of copolymerization towards the dose-rate. 

10 15 20

10

Dose Rate x10-2 Gy/sec.
Fig.(2):Variation of Rpand DPnwith dose rate in the presence 

        polymer-additive.

R px1
0-4

m
ol

e.
L-1

.S
-1

10

D
P n x

10
3



 

 7

8th ARAB INTERNATIONAL CONFERENCE ON 
POLYMER SCIENCE & TECHNOLOGY 

27 – 30 November 2005, Cairo-Sharm El-Shiekh, EGYPT 

2.2. The Influence of absorbed dose 

            The influence of the absorbed dose on copolymerization in the presence of 
polymer having Mw of 6.8234 x10-6 at polymer concentration of 1% was studied. The 
results are shown in Fig (2), which shown that the conversion q increases first then 
slowly with the absorbed dose. However, the weight average molecular weigh Mw 
increase first slowly then faster with the absorbed dose. The abrupt change in q- and 
Mw- values lies at q > 0.5. This may be ascribed to the gel-effect. On the other hand, 
the behavior is qualitatively similar to non-additive system. This may imply 
consistency of the mechanism of the copolymerization with and without polymer-
additive. There is a slight difference in the exponent of the absence and in the 
presence of the added polymer. The conversion curves and the molecular weight with 
and without polymer-additive are similar to each other. This implies consistency the 
mechanism of the copolymerization of the investigated system. 
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In the presence of added polymer the viscosity of the system increased due to 

the presence of polymer additive while ,in the absence of the polymer-additive the 
viscosity of system also increases at a high conversion in the gel-state from the 
solubility of the monomer in the formed polymer . Cristallini et.al(25), suggested that 
the polymerization of ionic monomers such as sodium acrylate in the presence of 
formed macromolecules in which the monomer is soluble in the formed polymer is 
referred as the template polymerization. It was also found that for gamma radiation 
initiated polymerization of acrylonitrile AN, the formed polyacrylonitrile (PAN) at the 
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first stage of polymerization act as a template to which the monomer associate by 
dipole-dipole interaction between PAN and AN(26). 

In the copolymerization of AM-AANa, the formed p(AM-AANa) at the initial 
stage of polymerization acts as template for the copolymerization. This is may be due 
to the solubility of the polymerized comonomers in the formed polymer in the 
presence of interaction between the functional groups of the comonomers with the 
corresponding functional groups of the polymeric chains. Consequently, the 
copolymerization of AM-AANa in the absence of added polymer is suffered as the 
template copolymerization at a high conversion in the gel-state according to the 
conditions of the template technique. In the presence of the added polymer the 
copolymerization process is completely template copolymerization.          
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