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All-metal ultrafine microfluidic reactor was developed for fine synthesis of ligand-protected metal
nanoclusters. Performance of the microfluidic rector was tested for improvement on size-selectivity
in a wet-chemical synthesis of various transition metal nanoclusters. In the former type of
microfluidic reactor, the ultrafine mixing channels (15 um) were made by the grinding method on
zirconia block, where the width of the mixing channels is limited by the thickness of a circular
grindstone (15 um). Therefore, a fabrication method of the mixing channels was improved; a
mixing channel of 5-um depth was fabricated by the milling to thin plate made by anticorrosive
metal (Hastelloy). Ultrafine microfluidic reactor with a multilaminar flow arrangement was
developed by stacking the thin plates with a micro-channel (5 um). Pressure drop of the
microfluidic reactor was decreased by smoothing the surface of micro-channels and outlet surface
of the stacked micro-channels. In addition, high-pressure liquid pumps instead of typical syringe
pumps enable smooth operation of the reactor for wet-chemical synthesis of metal nanoclusters.
The stacking method enables high-degree of multi-laminar, which was twice as the former
microreactor.
Performance of the 5-um microfluidic reactor was tested for a synthesis of polymer-stabilized gold
(Au) nanoclusters. The new reactor improves a selectivity of the smallest Au nanoclusters with 20
Au atoms by several times from the former microreactors. The new reactor also enables syntheses
of fine smallest (~1 nm) platinum and palladium nanoclusters stabilized with polymer, which have
not been synthesized by a conventional batch reactors.
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Development on Ultrafine Microfluidic Reactor for Fine Synthesis of Metal Nanoclusters
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All-metal ultrafine microfluidic reactor was developed for fine synthesis of ligand—protected metal nanoclusters. Performance of the
microfluidic rector was tested for improvement on size—selectivity in a wet—chemical synthesis of various transition metal
nanoclusters. In the former type of microfluidic reactor, the ultrafine mixing channels (15 um) were made by the grinding method on
zirconia block, where the width of the mixing channels is limited by the thickness of a circular grindstone (15 um). Therefore, a
fabrication method of the mixing channels was improved; a mixing channel of 5—um depth was fabricated by the milling to thin plate
made by anticorrosive metal (Hastelloy). Ultrafine microfluidic reactor with a multilaminar flow arrangement was developed by stacking
the thin plates with a micro—channel (5 um). Pressure drop of the microfluidic reactor was decreased by smoothing the surface of
micro—channels and outlet surface of the stacked micro—channels. In addition, high—pressure liquid pumps instead of typical syringe
pumps enable smooth operation of the reactor for wet—chemical synthesis of metal nanoclusters. The stacking method enables high—
degree of multi-laminar, which was twice as the former microreactor.

Performance of the 5—um microfluidic reactor was tested for a synthesis of polymer—stabilized gold (Au) nanoclusters. The new
reactor improves a selectivity of the smallest Au nanoclusters with 20 Au atoms by several times from the former microreactors. The
new reactor also enables syntheses of fine smallest ("1 nm) platinum and palladium nanoclusters stabilized with polymer, which have
not been synthesized by a conventional batch reactors.
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