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Introduction

Block copolymers containing dissimilar types of monomers can be used to tail the properties of immiscible polymer interfaces. One of the most important methods for introducing copolymers to the interface is reactive blending, i.e. the in-situ formation of block copolymers at the interface. Compared to simple admixing of copolymers, chemical reactions generate stronger interfaces and more effectively enhance mechanical blending of thermodynamically incompatible polymer species. A large body of literature has so far been focused on the effect of reactive polymers on morphology and adhesion. Because the structure of the reactive polymer and functionality of reactive polymers are crucial to understand the interfacial properties, we focused on the effects of functionality and molecular weight of reactive polymers on the reaction kinetics and the conformation of copolymers formed at the interface due to reaction.
Theoretical Background
A(B) chains with a terminal functional group is dispersed at low number density 
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 in the bulk phases. “Low” number density means 
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, radius of gyration). The A reactive ends can only interact with B reactive ends and form AB diblock copolymers at the interface. We denote by 
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 the number of copolymer chains per area of interface that have been formed in the time interval t after initiating the reaction. The growth rate of the copolymer population is described by 
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where 
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 represents the concentration of reactive polymers and 
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 is a coverage-dependent rate coefficient and t measures the duration of the reaction.

Combination of the 1-D diffusion equation, 
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, with equation (1) leads to the equation.
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In early reaction regime, 
[image: image10.wmf]2

0

2

0

0

1

/

r

t

K

D

t

º

<<

, the density of reactive chains at the interface remains nearly unchanged. The coverage growth is linearly proportional to time. In the intermediate regime, 
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 the copolymer formation rate grows as 
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 is monomer density), the reaction rate comes to be extremely small and the coverage grows exquisitely slowly in the asymptotic late stages as 
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. For the case of semidilute reactants, 
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, the copolymer coverage rate shows the same tendency as that of the reaction system including dilute reactants: 
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 in the early reaction stage, 
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in the late reaction regime.

Model and Computational Details

We investigate the reaction kinetics and the structure of reactive polymers in a dense, binary melt in the framework of the 3-D bond fluctuation model (BFM). The BFM retains the relevant features of polymeric materials: connectivity of the monomers along the chain, excluded volume of the segments and short range thermal interaction. 

The initial configurations for the immiscible binary blend have been carefully equilibrated after 1,000,000 Monte Carlo steps (MCS). After these initial configurations of the interfacial properties are chosen, the configurations for the reactions at interfaces are collected every 10,000 MCS. In these equilibrated starting configurations a fraction of homopolymers is randomly selected to contain a reactive end for mono-endfunctional polymers and two reactive ends for di-endfunctional polymers, respectively, and then the reaction is started at time 
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. When the mono-endfunctional polymers are reacted at the  interface, only tail conformation is produced. For the di-endfunctional polymers, both tail and loop conformations are formed after reactions at interfaces.

Results and Discussion


In Fig. 1, the copolymer concentration is shown to increase dramatically during the initial stage of reaction and levels off to a constant value. Since the interfacial coverage is calculated based on the number of reacted endgroups, the saturation value of copolymer coverage for di-endfunctional reactive system is nearly twice that for mono-endfucntional reactive system. The reaction rate increases rapidly at the initial reaction state for both 
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. Fig. 2 shows the interfacial coverage as a function of MCS for DERS with three different amounts of initial reactive polymer. Although the general reaction behavior is qualitatively similar to the case of mono-endfunctional reactive system not shown here, we note, however, that the limiting value of the copolymer coverage does not proportionally increases with the initial reactive polymer density, particularly for the case of 
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. The crossover time dividing the initial and intermediate reaction regime is also not proportional to the initial amount of reactive polymers. Since the interfacial coverage given in Fig. 2 is based on the number of reacted endgroup, the deviation from the linear increase with the initial amount of reactive polymer implies the conformational change of copolymers formed at the interface in the case of di-endfunctional reactive system. Because both loop and tail conformations are possible with the di-endfunctional polymers upon reaction at the interface. The di-endfunctional polymers are more effective than the mono-endfunctional ones supporting the effectiveness of multiple reaction sites within the limiting reactant concentration. 
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Fig. 1
Time dependence of copolymer concentration at the interface for 
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 EMBED Equation.3  [image: image26.wmf]T
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. Filled circles denote simulation data of mono-endfunctional reactive system whereas filled squares correspond to di-endfunctional reactive system.
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Fig. 2
Copolymer coverage as a function of Monte Carlo Step for di-endfunctional reactive system. Filled circles represent a system for 
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 and filled triangles for 
[image: image29.wmf]673

.

1

3

0

=

r

g

R

 with 
[image: image30.wmf]10

=

N

 and 
[image: image31.wmf]1

.

0

=

e



 EMBED Equation.3  [image: image32.wmf]T
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. The arrows denote the crossover times between initial and intermediate reaction regimes.
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