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Influence of AC Electrothermal Flow on Dielectro-Phoretic Assembly

in a Conductive-Island Nanogap Electrode System

CUI Xianggan, DING Haitao, DU Shan

(College of Mechanical and Electric Engineering, Changchun University of Science and Technology, Changchun 130022, China)

Abstract: Dielectrophoretic assembly experiments of nanoparticles in a prepared conductive-island
nanogap electrode system is carried out to obtain the morphology of nanoparticle chains formed by
dielectrophoretic assembly of nanoparticles in the conductive-island nanogap electrode system. A
dielectrophoretic assembly model of nanoparticles in the conductive-island nanogap electrode
assembly system is established based on the dielectrophoretic manipulation theory of
nanoparticles. The electric field distribution in the dielectrophoretic assembly model, as well as
the electrokinetic behavior of dielectrophoresis, alternating current electrothermal flow and their
interaction in the assembly process, is analyzed through numerical simulation. The effects of
alternating current electrothermal flow on dielectrophoretic assembly in the conductive-island
nanogap electrode system are investigated. It is found that the dielectrophoretic assembly of
nanoparticles in the conductive-island nanogap electrode system has two modes: the bulk

assembly between the nanogaps, and the surface assembly on the surfaces of the electrode and the
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conductive island. Moreover, the states of the assembly mode are affected by driving frequencies.,

which leads to different distribution and morphology of the assembled nanoparticle chains.

Simulation results show that when the frequency increases to 350 kHz, the electrothermal flow

direction reverses on both sides of the nanogap; when the frequency is 150 kHz and the width of

nanogap is 500 nm, the electrothermal flow vortices appear at any position of the entire nanogap

(outside the end point). The electrothermal flow vortices weakens with the increase of driving

frequency, and the effect of the electrothermal flow on the dielectrophoretic assembly of

nanoparticles decreases with the decrease of the width of nanogaps.

Keywords: conductive-island nanogap electrode; alternating current electrothermal flow;

dielectrophoresis; gold nanoparticle chain; numerical simulation
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