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Abstract

This paper describes a condensation-evaporation method (CEM) to produce size-controlled spherical silver nano-
particles by perturbing coagulation and coalescence processes in the gas phase. Polydisperse silver nanoparticles
generated by the CEM were first introduced into a differential mobility analyzer (DMA) to select a group of silver
nanoparticles with same electrical mobility, which also enables to make a group of nanoparticles with elongated
structures and same projected area. These silver nanoparticles selected by the DMA were then in-situ sintered at
~600°C, and then they were observed to turn into spherical shaped nanoparticles by the rapid coal escence process.
With the assistance of modified converging-typed quartz reactor, we can also produce the 10 times higher number
concentration of silver nanoparticles compared with a general quartz reactor with uniform diameter. Finally, the
spherical silver nanoparticles with 30 nm were €electrostatically deposited on the surface of silicon substrate with
the coverage rate of ~4%/hr. This useful preparation method of size-controlled monodisperse silver nanoparticles
developed in this work can be applied to the various studies for characterizing the physical, chemical, optical, and
biological properties of nanoparticles as a function of their size.
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Figure 1. Schematic of experimental setup.
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Figure 2. (a) Size distributions of silver nanoparticles as a function of heating temperature in the condensation-evaporation reac-
tor and (b) TEM image of polydisperse Ag nanoparticles generated at 1,050°C.
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Figure 3. TEM images of silver nanoparticles selected by the DMA operated at the electrical mobility size of 30 nm. (a, b, c) are
size-selected Ag particles without sintering process and (d, e, f) are the size-sel ected silver nanopartices sintered at ~600°C.
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Figure 4. Size distributions of Ag nanoparticles generated by the condensation-evaporation method with uniform type quartz re-
actor (i.e., solid square) and converging type quartz reactor (i.e., solid diamond) as shown in Figure 1 [Experimental conditions:

N,=~11Ipm, T=1,050°C].
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Figure 5. SEM images of 30 nm size-controlled monodisperse
spherical Ag nanoparticles deposited on the surface of silicon
substrate with the resolution of (a) x 20K, (b) x 30K, and (c)
X 40K.
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