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Introduction:
Reverse micelles and microemulsions formed in supercritical CO2 allow highly polar or polarizable compounds to be dispersed in this non-polar fluid. Using a mixture of two surfactants (AOT and a perfluoropolyether phosphate), stable water-in-CO2 microemulsions containing high concentrations of electrolytes can be formed. These microemulsions are potential nano-reactors for synthesizing a wide range of nanoparticles using ionic species as starting materials that are normally not soluble in supercritical CO2.

Methods and Materials: A high-pressure view-cell or a high-pressure fiber-optic cell equipped with a CCD array UV-Vis spectrometer was used to monitor the formation of metal nanoparticles in the water-in-supercritical CO2 microemulsions. Stirring the surfactants with an aqueous metal salt solution in the high-pressure cell for about 15 minutes at a desired temperature and pressure of a supercritical fluid CO2 formed the water-in-CO2 microemulsions. A reducing agents was then introduced into the supercritical fluid phase to cause the reduction of metal ions in the water core to form the metal nanoparticles.

Results:  Nano-meter sized silver, copper, and palladium metal particles were synthesized by chemical reduction of Ag+, Cu2+, and Pd2+ ions dissolved in the water core of a water-in-supercritical CO2 microemulsion. Sodium cyanoborohydride is an effective reducing agent for synthesizing Ag, Cu, and Pd nanoparticles in the water-in-supercritical CO2 microemulsions. Spectroscopic data show that the formation of nanoparticles in the microemulsion system is very rapid suggesting the microemulsion is dynamic in nature. Metal nanoparticles were collected by rapid expansion of the supercritical fluid solution or by deposition on a substrate in the CO2 phase by pressure reduction. TEM micrographs show the size distribution of the collected Ag nanoparticles is about 5 to 15 nm. By mixing two micromeulsions containing Ag+ and I- ions separately, silver iodide (AgI) nanoparticles were also synthesized in supercritical CO2.

Conclusions:  The CO2 microemulsions have emerged as a new type of nanoscale reactors for studying chemical reactions or for synthesizing special materials in supercritical fluid carbon dioxide. The CO2 microemulsions offer significant advantages over conventional water-in-oil microemulsions including rapid reaction rates and easy separation of solvent. The CO2 microemulsion system may have profound implications for nanoparticle synthesis and catalysis in supercritical CO2 with virtually no detrimental environmental effects.

