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Fig. 1. Process of the electrochemical intercalation and the structure of the intercalated materials: (a) The illustration of the electro-
lytic cell which includes the working electrode (In wire fixed with two-dimensional material), counter electrode (Ag sheet) and the
electrolyte (organic solution containing quaternary ammonium salt). (b), (¢) The structure of TaS, and (CTA),TaS, , respectively.
The organic molecule CTA* is perpendicular to the ab plane of TaS,". (d), (e), (f) The structure of (TBA) FeSel'?, (CTA), FeSel'?!
and (TBA),CryGe,Teg?, respectively. The TBA* is arranged in a monolayer mode, while CTA* is arranged in a double-layer
mode. (g), (h) The STM image and surface structure of (Cp),Co intercalated SnSe,. The five-membered ring plane of organic mo-
lecule (Cp),Co is perpendicular to the ab plane of SnSe,'8l. (i) The STM image of (CTA),FeSe. The CTA* molecules are closely ar-
ranged in the interlayer of FeSe, and the long chain of CTA* molecules is parallel to the ab plane of FeSel'3.
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Fig. 2. Changes of structure and magnetism origin in TBA™T
intercalated CryGe,Teg: (a), (b) The structure of CryGe,Teg
and (TBA),CryGe,Teg?; (c) the magnetism exchange inter-
action of CryGe,Teq (left panel) and (TBA),CryGe,Teg (right
panel) 7.
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Fig. 3. Changes of crystal structure and Fermi surface topology in the TBAT intercalated VSe,: (a), (b) The crystal structure of
VSe, and (TBA),VSe,?”. (c)—(f) The calculated Fermi surface topology of VSe, with the interlayer distance of 6.12, 8.62, 11.02 and
18.62 A7, (g)—(j) The calculated Fermi surface topology of VSe, with the different amount of Fermi surface shift with the interlay-
er distance at 18.62 A. The shift amount is 0, 0.05, 0.1 and 0.15 eV, respectively. The nesting vectors are 1/4a’, 0.26a", 0.29a", 1/3a’E7.
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Fig. 4. Quasi-two-dimensional superconductivity in (CTA),SnSe, and the pseudogap behavior in (TBA),FeSe: (a) The IV curves of
(CTA),SnSe, around the 7.2 (b) the R(T) curve of (CTA),SnSe, with the Y axis at the scale of (dInR(T)/dT) */? 0 (c) the tem-
perature dependent index a of (CTA),SnSe, using the fitting formula V oc I®[%; (d) the Field-Temperature phase diagram of

(TBA) FeSe. The Ty is the zero-resistance critical temperature; T, is the superconducting temperature defined by the onset temper-

ature of NMR line broadening and the first derivative of resistance data; T, is the onset temperature of the pseudogap behavior!!3,
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Abstract

Abundant novel physical properties have been observed in thin-flake samples of two-dimensional correlated

electronic systems prepared by mechanical exfoliation. Developing new methods of preparing bulk two-

dimensional samples can further understand the low-dimensional system by combining traditional bulk

characterization methods like X-ray diffraction, magnetic susceptibility and specific heat measurements. It is

possible to maintain the novel properties of thin-flake samples in bulk state and promote these novel physical

properties for potential applications. This article introduces a class of organic molecular intercalation methods

to regulate two-dimensional correlated electronic systems, focusing on the changes of structure and physical

properties of two-dimensional materials after organic molecular intercalation. The applications of organic

molecular intercalation method in regulating thermoelectricity, two-dimensional magnetism, charge density

wave and two-dimensional superconductivity are also presented.
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