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Introduction

   Polymer chains with one ends grafted to an interface or a surface with high grafting density exhibit quite different properties from free polymer chains [1, 2]. Because these end-tethered brush systems have wide industrial applications such as steric stabilization of colloid particles, lubrication and adhesion, a lot of investigations have been carried out to characterize the properties of flexible polymer brushes. On the other hand, very little attention has been placed on semiflexible case. In present study, we report Monte Carlo simulation to examine the conformational properties of semiflexible polymer brushes. 

Theoretical Background

   Analytical self-consistent field (SCF) theories predicting parabolic density profiles of polymer brushes were developed by Milner et al. [3] and Zhulina et al. [4]. As the theory of Zhulina et al. incorporated chain stiffness into their expression for the entropy of stretching a polymer chain, it can explain the case that the polymer chain is stiffer than a random flight chain. Their stiffness parameter p is defined as the ratio of the Kuhn length and the segment diameter. The density profile and brush height are
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where N is chain length, ( is grafting density, a is the chain thickness and ( is the second virial coefficient. This simple analytical prediction is well consistent with SCF lattice model [5] except for extremely rigid case where equation 2 overestimates brush height. 

   Recently, Kim and Char extended classical mean-field theory to semiflexible region and obtained most probable configuration (MPC) of semiflexible polymer brushes [6]. 

Model and Simulation Details

   Monte Carlo method based on three dimensional bond fluctuation model (BFM) [7] used by Lai and Binder to study flexible polymer brushes [8] is modified for our simulation by introducing a potential for bond angles as a following equation.
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Here, ( denotes the complementary angle to two successive bonds and b is a stiffness parameter in our model, which can be compared with the parameter p of Zhulina et al. as following relations. 
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   In order to model polymer brushes, linear chains are grafted onto the 40(40 planar hard impenetrable surface (the z = 1 plane) with one ends. Chain length N is fixed to 30 and stiffness parameter b ranges from 0 to 10. Three different grafting density, ( = 0.025, 0.05, 0.1 and two different grafting conditions, pivoting (PV) case and normally grafted (NG) case, are considered. For NG case, grafted segment is fixed to the normal direction to the surface while, for PV case, grafted segment can orient any direction within the excluded volume constraint. 

Results and Discussion

   Density profiles for various stiffnesses are depicted in Fig. 1 for ( = 0.1 and PV case. Density oscillation near the surface is due to the characteristics of BFM whose minimum bond length is 2 lattice units [8]. We can see that the increase of chain stiffness increases the height of a polymer brushes. Density profiles for NG case are similar to those of PV case for ( = 0.1. The scaling plot 
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 for ( = 0.1 and NG case is shown in Fig. 2. All data collapse roughly onto a single curve except near the surface and at the end of the brushes. Grafting conditions can be neglected for polymer brushes with flexible chains or with high grafting density. However, for the case of low grafting density with significantly rigid chains such as ( = 0.025 and b = 10.0, two different grafting conditions cause quite different density profiles (Fig. 3).
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 for SCF prediction of flexible brushes (Fig. 4, solid line) [3] and 
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 for rigid rod brushes (Fig. 4, dotted line). Our data are placed between these two extreme cases and agree well with the results of Kim and Char [6]. 
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Fig. 1. Density Profiles for ( = 0.1 and PV case
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Fig. 3. Density Profiles for ( = 0.025 and b = 10.0.
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Fig. 2. Scaling plot of density profiles for ( = 0.1 and NG case
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Fig. 4. Scaled position of ith monomer for ( = 0.1 and PV case.
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