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Ferroelectricity has been a rare phenomenon in the ultra-low thin films of the ferroelectric materials. With the aid of density functional theory calculations, we have designed buckled hexagonal monolayers MoC, WC, WS, and WSe. These monolayers are stable energetically and dynamically with high spontaneous out-of-plane polarization due to different electronegativities and their asymmetric buckled structures. e31=50.9, 39.0, 45.0, 55.4 pC/m for monolayer MoC, WC, WS, and WSe respectively. While the in-plane piezoelectric stress coefficient along the zigzag direction does not exist due to the mirror plane along the armchair direction, a strain along the armchair direction causes high piezoelectric stress coefficients of 1.0×103 pC/m for monolayers MoC and WC and 0.47, 0.49× 103 pC/m for WS and WSe respectively. The in-plane piezoelectric stress coefficient for monolayer MoS2 is reported as 3.00×102 pC/m. Thus the in-plane piezoelectric stress coefficients of these monolayers are larger than the one reported for MoS2 monolayer. The out-of-plane polarizations of these materials may be switchable with the relatively high switching energy barriers in the range from 0.55 to 2.7 eV per formula unit.  Furthermore, we are studying the growth of these monolayers on the layered substrates, such as graphene or MoS2 to enhance their stability and reduce the polarization switching barriers.
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 Change in the out-of-plane component of polarization (∆Pz) against unixial strain.
