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Clean, isolated monolayer or few-layer sheets of low-dimensional materials are necessary to fully 

exploit their superlative physical and electronic properties; preparing them has become increasingly 

important for both basic and applied research.  Two main methods exist for fabricating these low-

dimensional sheets: mechanical exfoliation, which gives high quality but low yield, and chemical 

processes, which have the ability for bulk preparation of exfoliated sheets of low-dimensional materials 

but which produce generally lower quality samples than mechanical exfoliation.  Within the second 

technique, ionic liquids have been introduced as an exfoliant of graphene [1] because of their ability to 

insert themselves between the layers of different lattice structures by matching the surface tensions 

between an ionic liquid and certain bulk materials.  The ionic liquid used for this work, 1,2-dimethyl-3-

n-octylimidazolium bis(trifluoromethane)sulfonyl imide (MMOI-TFSI), was synthesized as previously 

reported [2]. 

 

In this work, we introduce a straightforward means to exfoliate bulk samples on a large scale.  MMOI-

TFSI was used to exfoliate a broad class of Van der Waals 2D materials, including Bi2Se3, Bi2Te3, h-

BN, and TiS2.  Each of these materials is interesting in its own respect: Bi2Se3 and Bi2Te3 are ideal 

topological insulators [3], while h-BN is a solid lubricant [4] and TiS2 can serve as an alternative battery 

material [5].  Despite all of these potential applications, experimental work on these materials has been 

limited due to the difficulty of isolating single or few-layer sheets. 

 

We submerged bulk crystals in an ionic liquid to initiate the intercalation and exfoliation process.  

Sonication enhanced the incorporation of the ionic liquid into the Van der Waals gaps of the layered 

materials, and centrifugation isolated the flakes from remaining bulk material.  Following deposition 

onto electron transparent substrates, exfoliated flakes of each material were characterized via annular 

dark field scanning transmission electron microscopy and energy dispersive x-ray spectroscopy, using 

the Nion UltraSTEM200 at the Naval Research Laboratory, operated at 60 kV.  With the ionic liquid-

based process, successful separation of clean flakes was achieved for Bi2Se3, h-BN, and TiS2 with the 

expected crystal orientation, but the Bi2Te3 sample yielded a nanocrystalline structure a shown in Figure 

1.  In Figure 2, Van der Waals stacking of the few layers of Bi2Se3 is demonstrated in the dark field 

intensity line profile.  The general success of the exfoliation of multiple compounds shows how versatile 

this particular ionic liquid is for separating the layers of bulk materials.  This form of exfoliation will be 

further refined for different uses, e.g. eventual atom-by-atom lithographic studies, for other 2D 

materials, or to obtain large area, single sheets of an individual material.  Technique details and 

parameters for each step of the process, which give results of varying desirability, will be presented. 
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Figure 1.  Annular dark field STEM images at low magnification demonstrate the cleanliness of the 

flakes.  (Inset) Lattice resolution annular dark field STEM images of few-sheet-thick areas. 

 

 
Figure 2.  Intensity line profile of the dark field STEM image of a layered flake of Bi2Se3 indicates the 

successful exfoliation of the bulk material in the ionic liquid. 


