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The transport of energy and information in semiconductors is limited by 
scattering between electronic carriers and lattice phonons, resulting in diffusive 
and lossy transport that curtails all semiconductor technologies. Using 
Re6Se8Cl2, a van der Waals (vdW) superatomic semiconductor, IRG2 PIs have 
demonstrated the formation of acoustic exciton-polarons, an electronic 
quasiparticle shielded from phonon scattering (Fig. 1a). Polaron transport in 
Re6Se8Cl2 is directly image at room temperature (Fig. 1a), revealing quasi-
ballistic, wavelike propagation sustained for nanoseconds and several microns. 
Shielded polaron transport leads to electronic energy propagation orders of 
magnitude greater than in other vdW semiconductors (Fig. 1b,c), exceedingly 
even silicon over nanoseconds. We propose that, counterintuitively, quasi-flat 
electronic bands and strong exciton–acoustic phonon coupling are together 
responsible for the remarkable transport properties of Re6Se8Cl2, establishing a 
new path to ballistic room-temperature semiconductors. This work, recently 
accepted for publication in Science, is a major step in the long and active search 
for room-temperature ballistic semiconductors, which could power next-
generation technologies such as lossless transistors operating over three orders 
of magnitude faster than current electronics.
 Using Re6Se8Cl2 as a superatomic pegboard, the IRG2 team have also 
developed robust and general method to functionalize 2D superatomic sheets 
with high precision and controllable densities. Fig. 1d shows the covalent 
attachment of 2,2’-bipyridine (bipy) ligands to exfoliated Re6Se8Cl2 sheets 
through radical-based Cl substitution. These ligands can bind molecular Co 
catalysts, and with no optimization, the resulting surface-tethered complexes 
catalyze the oxidation of water with no release or decomposition of the Co 
complex. 

Fig. 1. (a) Schematic for optical far-field imaging of polaron transport. (b) 
stroboSCAT time series displaying exciton (dark contrast) and exciton-polaron 
(bright contrast) propagation in Re6Se8Cl2. (c) Exciton propagation in bulk WSe2. 
(d) Linear sweep voltammograms showing catalytic water oxidation on surface-
functionalized Re6Se8Cl2.
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What Has Been Achieved: This is the first example of ballistic (wavelike) electronic transport over macroscopic scales in any room-temperature semiconductor. Achieved in the 2D superatomic solid Re6Se8Cl2.Importance of the Achievement: This work is a major breakthrough in semiconductor research. In this manuscript, we reveal that the transport properties of the two-dimensional superatomic semiconductor Re6Se8Cl2 exceed those of silicon and of the recently-reported cubic boron arsenide, surpassing by orders of magnitude all other two-dimensional semiconductors. More importantly, we demonstrate a new transport regime enabling ballistic flow of excitons (electron-hole pairs) over microns at room temperature. To our knowledge, ballistic exciton transport has not been reported in any other semiconductor. Our discovery suggests the possibility of lossless room-temperature transistors that could transform how classical and quantum information is processed.Semiconductor-based technologies are reaching their limits in terms of processing speeds and efficiency. The most vexing issue contributing to these limits is scattering of electronic carriers with the material lattice, leading to large energy losses, thermal management issues (Joule heating), and slow, incoherent transport. To break through these limits, we must identify semiconductors that sustain scatter-free (ballistic) transport at room temperature. This endeavor has in part motivated the fields of topological insulators, polaritons and superfluids, but none of these advances have proved technologically viable thus far. Carbon nanotubes have been reported to sustain ballistic electron transport over more than 100 nm, but they remain exceptionally difficult to scale and integrate in devices. Our discovery of a device-scalable two-dimensional ballistic semiconductor signals a technological step-change.Our work also suggests a fundamentally new and generalizable pathway for ballistic electronic energy flow: binding of excitons to acoustic phonons to form two-dimensional acoustic polarons. These polarons can only form in materials that, counterintuitively, exhibit weak electronic coupling – a fact that has likely hindered their prior discovery. In this manuscript, we directly image acoustic polaron transport in Re6Se8Cl2 through ultrafast space- and time-resolved microscopy, enabling us to extract the speed, mean free path, lifetime, and size of polarons, building a comprehensive picture of their dynamics. We back our measurements with state-of-the-art theory, providing general design principles for achieving ballistic transport in a range of materials. We believe our contribution is a major step in the long and active search for room-temperature ballistic semiconductors, which could power next-generation technologies such as lossless transistors operating over three orders of magnitude faster than current electronics. How is the achievement related to the IRG, and how does it help it achieve its goals? The formation of acoustic polarons is uniquely enabled by the ‘intermediate electronic coupling’ regime of superatomic semiconductors, which is the main thrust of IRG2.Where the findings are published: J. A. Tulyagankhodjaev, P. Shih,J. Yu, J. C. Russell, D. G. Chica, M. E. Reynoso, A. C. Stenor, H. Su, X. Roy, T. C. Berkelbach, M. Delor. "Room temperature wavelike exciton transport in a van der Waals superatomic semiconductor”, Science 2023, in press.S. He, S. Okuno, F. W. Ng, X. Pang, D. V. Esposito, N. M. Orchanian, M. L. Steigerwald, X. Roy, C. Nuckolls. "Functional Monolayers on a Superatomic Pegboard” J. Am. Chem. Soc. 2023, 145, 15, 8314–8318. DOI: https://doi.org/10.1021/jacs.3c01622
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