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Abstract
Two dimensional membranes having angstrom-scale pores are under extensive research
investigation due to its promising capabilities of exponential selectivity with high permeation
rates. Recent report1 on monolayer graphene with single pore limit shows exponential
selectivity. Although it shows the performance beyond Robeson bound for polymers (100nm
thickness), the flow rates are not as high as required for the technological requirements.
Therefore, we investigate2 graphdiyne membrane (90nm thickness) with intrinsic pores, using
isotopes and cryogenic temperature, to explore beyond the selectivity-permeability trade-off
limits. Despite being nearly a hundred of nanometers thick, the membranes allow fast,
Knudsen-type permeation of light gases such as helium and hydrogen whereas heavy noble
gases like xenon exhibit strongly suppressed flows. Beyond steric exclusion, there are other
factors including lattice flexibility and adsorption that affect selectivity between gases.
Furthermore, the unexpected fast permeation combined with selective gas transport through
graphdiyne provide a better permeability-selectivity trade-off compare to that of state-of-art
membranes, beyond the existing bounds. Our work offers important insights into intricate
transport mechanisms playing a role at nanoscale. Our study provides a feedback on the
extensive theoretical3 simulations of molecule sieving through graphdiyne with intrinsic
lattice pores in angstrom scale.
References: (1) Sun, P. Z. et al. Exponentially selective molecular sieving through angstrom pores. Nature
Commun. 12, 7170 (2021).
(2) Z. Zhou et al., submitted to . Nature Commun. (2022). Status: under second revision.
(3a) Li, Y., Xu, L., Liu, H. & Li, Y. Graphdiyne and graphyne: from theoretical predictions to practical construction.
Chem. Soc. Rev. 43, 2572-2586 (2014). (b) Gao, X., Liu, H., Wang, D. & Zhang, J. Graphdiyne: synthesis, properties,
and applications. Chem. 281 Soc. Rev. 48, 908-936 (2019). (c) Qiu, H., Xue, M., Shen, C., Zhang, Z. & Guo, W.
Graphynes for water desalination and gas Separation. Adv. Mater. 31, 1803772 (2019). (d) Hernandez, M. I.,
Bartolomei, M. & Campos-Martínez, J. Transmission of helium isotopes ́ through graphdiyne pores: tunneling
versus zero point energy effects. J. Phys. Chem. A 119, 10743-10749 (2015).

Dr. Achintya Bera
Department of Physics and Astronomy,
School of Natural Sciences,
University of Manchester, Manchester M13 9PL, UK

Achintya Bera received his M.Sc. in physics from Indian Institute of Technology (IIT),
Roorkee in 2009 and Ph.D. from Indian Institute of Science (IISc), Bangalore in 2017 under the
supervision of Prof. Ajay K Sood, FRS and Dr. D V S Muthu. His PhD thesis was on “Topological
Insulators and Transition Metal Dichalcogenides under Extreme Conditions: Optical Studies”. Then he
moved to Weizmann Institute of Science, Israel for postdoctoral studies with FGS fellowship in 2017
in the lab of Prof. David Cahen and Prof. Gary Hodes, where he was investigating impact of defects on
the performance of hybrid halide perovskite (HaPs) solar cells. Later, he moved to University of
Manchester in 2018 with EPSRC fellowship as a research associate in Prof. Sir Andre K Geim’s group.
At Manchester, he did build a low temperature systems for molecular gas transport measurements
through nanopores, starting from scratch. Later in 2020, he received prestigious Marie Curie
fellowship from the European Commission (call: H2020-MSCA-IF-2019) for two years.

