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It has been suggested that a class of surface crystals, called α-phase, consisting in a low dense 

single-layer of tetravalent metal atoms (Pb or Sn) grown on tetravalent semiconducting 

substrates like Si (111) or Ge (111) form a very promising system to study Mott physics in two 

dimensions (1,2,3). The atoms are organized in a triangular lattice forming a √3 ×  √3 𝑅30° 

surface reconstruction in the high-temperature metallic phase. Each metal atom leaves a free 

electron leading to a single half-filled electronic band confined at the surface and isolated from 

bulk bands. The strong electronic repulsion comes from the large nearest-neighbor distance ≈ 

7 Å between the metal atoms. In the Sn/Si (111) phase, previous experimental studies reported 

an insulating gap at temperatures well below 100 K (4,5) which has been attributed to a Mott 

insulating state induced by strong on-site electronic interactions. Spin-resolved photoemission 

experiments suggested that a (2√3 × √3) magnetic ordering develops at low-temperature with 

a row-wise anti-ferromagnetic order [6]. In the present study we revisit and extend very much 

previous experimental and theoretical studies of the Sn/Si (111) phase. By measuring the local 

density-of-states at 4 K we demonstrate that this material undergoes a large insulating gap of 

the order of 1 eV. Our advanced DFT+U calculations do not enable explaining such a large 

gap taking into account only strong on-site Coulomb interaction. Instead, taking into account 

the additional exchange interaction between Sn adatoms and substrate Si atoms, enables 

rationalizing the experimental results. Our results suggests that this system is in fact a 

magnetic insulator with a row-wise anti-ferromagnetic order induced by non-local exchange 

interactions but is not a Mott insulator as reported previously by experimental and numerical 

studies (3,4,5,6). 
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