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Diffusion of Light Gases in Nanoporous Gold by High Field PFG NMR
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Introduction 

Nanoporous gold is a promising catalyst for carbon monoxide oxidation yielding carbon dioxide. It is also considered for selective partial oxidation of alcohols and electrochemical reduction of CO2 to alcohols. Nanoporous gold exhibits an open-cell pore network resembling those of foams with the pore sizes in the range of around 30-40 nm. Fundamental understanding of molecular diffusion in nanoporous gold is of crucial importance for its potential applications in catalysis.
Experimental 

13C pulsed field gradient (PFG) NMR at 17.6 T was used to study self-diffusion of 13C-labelled CO, CO2 and CH4 in a bed of nanoporous gold particles at 296 K. The measurements were performed for a broad range of diffusion times and the corresponding root mean square displacements that were smaller and larger than the mean particle size (~250 µm).
Results and Discussion


Figure 1 shows examples of the measured PFG NMR attenuation curves.  The curves were fitted assuming the existence of the two molecular ensembles: molecules that diffuse inside (1) and outside (2) of nanoporous gold particle during the diffusion time. While for the diffusion times of 6 and 10 ms two molecular ensembles were observed (Fig. 1), only one ensemble was observed for the diffusion time of 30 ms. The latter time is sufficiently large to lead to a fast exchange of diffusing molecules between the particles and the surrounding gas phase. The ratios of the diffusivities of the ensembles (2) and (1) measured at small diffusion times (i.e. under the conditions of slow exchange between the particles and the gas phase) yield the tortuosity factors, which are presented in Table1 for each studied sorbate.  
Conclusions

The tortuosity factors were found to be the same for all three gases, as expected. The reported measurements represent the first studies of microscopic diffusion of different gases in nanoporous gold by any experimental technique. 
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	Table 1 Average tortuosity factors for each sorbate loaded into the nanoporous gold sample. 

Sorbate Loading Pressure 

Average Tortuosity Factor

15 Bar CO2
1.8±0.3

15 Bar CH4
2.0±0.3

15 Bar CO

2.1±0.3



	Fig.1 13C PFG NMR attenuation curves measured for a bed of porous gold particles equilibrated with 15 bar of CO at 296 K. The solid lines represent the results of least-square fitting assuming the existence of molecular ensembles diffusing inside and outside the particles.  
	


