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Abstract: 

This work has focused on the gas transport of porous graphene membranes, which can be used for gas 
separation. And I have also studied the mechanical properties of ultrathin atomic layer deposition (ALD) 
Al2O3. 

Two dimensional materials represent an emerging class of gas transport membranes capable of the 
highest theoretical fluxes with molecular sieving potential. Herein, we study gas transport through 
atomically thin, monolayer graphene membranes open with a single molecularly-sized, sub-nm pore. We 
provide evidence for quantized switching of permeance through such membranes made from monolayer 
graphene during gas transport, indicative of modulation of the molecular gas flux through a single pore. 
Further evidence is provided using ~nm sized gold clusters formed on the surface of the graphene. Such 
clusters migrate and partially block the pore. This switching is analyzed using a Hidden Markov Model to 
fit to discrete and repeatable states, and the switching frequency is used to estimate the energy of the 
transition that occurs. This work presents an example of controlling gas phase transport through single 
molecularly sized pores providing an opportunity to observe atomic or molecular rearrangements on the 
pore mouth of the thinnest membranes possible. 

In my work, a method is presented to create and characterize mechanically robust, free standing, 
ultrathin, oxide films with controlled, nanometer-scale thickness using Atomic Layer Deposition (ALD) on 
graphene. Aluminum oxide films were deposited onto suspended graphene membranes using ALD.  
Subsequent etching of the graphene left pure aluminum oxide films only a few atoms in thickness. A 
pressurized blister test was used to determine that these ultrathin films have a Young’s modulus of 154 ± 
13 GPa.  This Young’s modulus is comparable to much thicker alumina ALD films.  This behavior indicates 
that these ultrathin two-dimensional films have excellent mechanical integrity. The films are also 
impermeable to standard gases suggesting they are pinhole-free.  These continuous ultrathin films are 
expected to enable new applications in fields such as thin film coatings, membranes and flexible electronics..
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