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ABSTRACT 

Polymer nanocomposites (PNCs), formed by adding nanoparticles 

to a pure polymer melt, can have significant enhancement in 

properties such as thermal, mechanical, electrical, optical, etc., 

compared to that of the pure polymer. The observed improvement 

in the properties is not only due to the addition of nanoparticles 

themselves but also due to the role of the interface between the 

polymer chains and the nanoparticles. The dispersion of 

nanoparticles in polymers, which results in the enhancement of 

thermo-mechanical properties is dictated by intricate balance 

between the entropic forces, which are associated with particle 

geometry and size, and enthalpic forces.  This research focuses on 

understanding the role of different types of nanoparticles 

including bare nanoparticles, polymer grafted nanoparticles, and 

polyelectrolyte grafted nanoparticles in polymers and solvents on 

the thermo-mechanical and flow properties of PNCs. The 

thermodynamic and temporal stabilities of interface and their 

effects on the macroscopic properties as a function of particle size 

distribution, interactions between polymers and nanoparticles will 

be studied using molecular dynamics simulation. Adding polymer-

grafted nanoparticles to the polymer matrix does show 

enhancement in properties, but entanglements in the system 

leads to reduction in the mobility of nanoparticles. To improve the 

mobility and strength of material simultaneously, we considered 

polyelectrolyte grafted nanoparticles (PENPs) in solution. PENPs 

are quite complex as the electrostatic interactions control the 

solubility and network formation of grafted chains. Strong 

polyelectrolytes, at high pH, will allow chains to stretch because of 

electrostatic repulsions regardless of grafting density. At 

intermediate pH, the hydrogen bonding between the ionized and 

non-ionized groups plays a significant role in dictating the 

structural and flow properties of nanoparticles in the solution. 
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