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The nanoscale directed assembly of nanoparticles has many potential applications in the fields such as biotechnology, energy storage, nanoelectronics and nanomaterials. The directed assembly of nanoparticles in aqueous solution using an external electric field has attracted great interest because of its speed and control which makes the assembly process suitable for manufacturing.  However, precise assembly, positioning of particles and control of the process is challenging. In order to obtain an effective and reliable assembly, it is important to identify and understand the assembly mechanism. Earlier work has reported that the process could be controlled by controlling the applied voltage and the time of assembly. However, the effect of electrochemical parameters such as pH and ionic conductivity of the solution on assembly have not been investigated in great detail. In this study, we have systematically studied the effect of the applied voltage, time of assembly, pH and conductance of the solution on the directed assembly of nanoparticles and have demonstrated how sensitive the process is to some of these parameters.  The results show that the assembly could be precisely controlled by the governing parameters to enable precise and repeatable assembly of 50 nm PSL (Polystyrene Latex) nanoparticles over large scale and at high rates. We have observed that at a constant applied voltage and time, it is possible to increase the assembly rate up to some degree by increasing ionic conductivity of the solution. However, great enhancement in the rate of assembly is observed at very small increments of the solution’s pH.  For example, at a constant potential of 4 V/cm, although a small number of nanoparticles starts to assemble in the trenches at pH 10, full assembly of nanoparticles in the trenches is only achieved at pH 10.7. Higher pH results in particle deposition everywhere and the loss of control of the directed assembly process. The results indicate that electrochemical parameters in the solution should be precisely controlled with the other main parameters for reliable assembly of nanoparticles. As an instance to this, the sensitivity of assembly process to pH of the solution down to 0.1 resolutions is shown. The experimental observations are further discussed with zeta potential measurement and mobility calculations. 



















