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Synthesis Progress of Layered TMOC—-based Intercalation Structures

Liu, Qin Liu, DaoBin He, Qun Xiang, Ting Adnan Khalil Song, Li*
(National Synchrotron Radiation Laboratory, University of Science and Technology of China, Hefei, Anhui 230029, China)

Abstract Different types of intercalated agents can be in-situ intercalated into two-dimensional (2D) layered transition
metal oxides and chalcogens (TMOCs), which can engineer its electronic structure at the atomic scale and tune its intrinsic
physical and chemical properties (i.e. carrier concentration and mobility, magnetic, optical, and other properties). Such inter-
calations provide a facile way to create new types of multifunctional materials, thus largely extend 2D material’s applications
for opto-electronic devices, energy storage and conversion, photoelectrocatalysis, efc. Recently, many efforts have been fo-
cused on seeking suitable synthesis routes to achieve different types of intercalated nanomaterials. Here, we concisely re-
viewed the recent development on TMOC-based intercalations produced by various intercalated agents in-situ intercalating.
The synthetic strategy of alkali metal and non-alkali metal intercalation, polymer intercalation, small organic molecules in-
tercalation and reduced graphene oxide intercalation were mainly reviewed. Through affecting the interlayer interactions and

the crystal anisotropy can realize the strategy of in-situ intercalated layered materials.
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Figure 1 Schematic illustration of alkali metal intercalated transition
metal dichalcogenides
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Figure 2 (a) 298 K crystal structure of Lig.e1)(ND2)o21)(ND3)og1yFeaSes
and (b) magnetic susceptibility data (Ref. [27])
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Figure 3 (a) Schematic illustration of non-alkali metal intercalated
transition metal dichalcogenides; (b) XRD patterns of Cu-intercalated
Bi,Se; show a large lattice expansion of the host crystal to accommodate
high densities of copper; (c) Representative electron diffraction patterns
demonstrate the wide variety of superlattice patterns observed upon in-
tercalation; (d) EELS fine structure reveals that the copper intercalated in
the Bi,Se; nanoribbons is zero-valent (Ref. [31])
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fore and after Cu intercalation; (c) transimission-sheet resistance map

showing the enhancement of both transparency and conductivity of the
nanoplates (Ref. [44])
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Figure 5 Schematic illustration of reduced graphene oxide-intercalated
transition metal oxides and chalcogens
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Figure 6 (a) XRD patterns of the lithium vanadate-graphene (LiVO-
graphene), simulated new intercalated LiVO framework, pure LiVO and
XRD standard pattern of LiVO; (b) the Vysas a function of Iy curve of the
transistor with different V value. (Ref. [56])
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absorption spectra for intercalated MoO; and WOs5 (Ref. [67])
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