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The chemical similarity of molybdenum & tungsten
suggests they should randomly distribute in WxMo1-xS2,
a material of great interest for next-generation elec-
tronics. The 2DCC discovered that these atoms actually
form thin chains, whose very different masses make
properties like heat conduction anisotropic. Stripes
form due to fluctuations in the availability of sulfur, the
third element in WxMo1.xS2. Paradoxically, the disorder
of random sulfur variations produces ordered stripes of
metal. Such ‘order from disorder’ could be a general
way to create atomic order in 2D materials, extending to
the 2D domain the types of structures known from 3D
semiconductor as “quantum wells.”
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Transmission electron microscopy image of the distribution of Mo and W atoms within a 2D layer of a
molybdenum/tungsten disulfide semiconductor alloy. Red bars mark the locations of stripes of tungsten.

What Has Been Achieved: A new mechanism to control the placement of metal atoms within 2D chalcogenide
materials, to form ordered stripes.

Importance of Achievement: Control of atomic order is key to optimizing materials properties of all kinds, and in this
case particularly properties that are sensitive to the masses of the atoms, or their different electronic structure. In 3D
semiconductors, the ordering of different layers of material into so-called heterostructures was key to developing
device applications of various kinds. The analog in 2D would be control of 1D stripes of material within the 2D layer.
This is a first demonstration of such a degree of control.

Unique Features of the MIP That Enabled Project: The close collaboration between theory and experiment in the
2DCC-MIP, and the focus of the program on overcoming key challenges in 2D synthesis coupled to advanced
characterization, were central to this advance.
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