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Abstract: In recent years, two-dimensional rare-earth materials have rapidly become a frontier and hot spot in sci-
entific research due to their unique properties that combine those of two-dimensional materials and rare-earth materi-
als. To achieve the application of two-dimensional rare-earth materials in the fields of optics, electronics, and mag-
netism, their synthesis is of crucial importance. The methods for synthesizing two-dimensional rare-earth materials
have been summarized. Among them, chemical vapor deposition (CVD) is one of the commonly used methods, and
salt-assisted CVD can be used to synthesize binary (such as Gd20s, CeO2, Eu,03, etc. ) and ternary (such as EuO-
Cl, LaOCl, Er,0,8S, etc. ) two-dimensional rare-earth compounds; mechanical exfoliation is often used to synthesize
two-dimensional rare-earth oxyhalides and tellurides; coating methods include molecular beam epitaxy, thermal de-
position, and others, which can be used to synthesize GdSi2, EuGe,, SmSe, etc. Finally, the prospect of large-scale

synthesis of two-dimensional rare-earth materials have been proposed.
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Tab. 1 Synthesis method, synthesis condition, minimum thick-

ness of various two-dimensional rare-earth materials
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Eu0Cl  CVD 900 C 30 min L.Inm  [40]
Er,0,8S  CVD 850 °C 8. 1nm  [33]
LaOCl  CVD 750 “C 20 min 1.3nm  [36]
Eu,0,  CVD 900 “C 5 min 4.7nm  [41]

YbOCI  CVD 730~800 C 30 min 6.6nm  [42]
GeSe CVD 925 °C 5 min — [43]

Ce0, CVD — 4.8nm  [44]

Gdocl  CvVD — 1.5nm  [45]
Er,0,Cl CVD 850 °C 5 min — [46]
GdoCl  CVD 480~520 C 5.2nm  [47]
LaOCl  CVD 500~600 C 7.5nm  [16]
Gd,0,  CVD 680 °C 5 min — [32]
LaOBr ME — 17 nm [48]
ErOCl ME PDMS T.Z; 3.3nm  [24]
GdTe, ME — 3.8nm  [49]
GdTe, ME — 10.2nm  [50]
LaTe, ME — 10nm  [51]

SmSe PLD [SREEAEINED 8 nm [52]

GdSi,  MBE 78 L BT — [53]

EuGe,  MBE — — [54]
EuC, MBE — — [55]

EuTe  MBE — 10nm  [56]
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Fig.1 ~ Synthesis of binary two-dimensional rare earth materials by CVD. (a) Schematic diagram of van der Waals epitaxy synthe-
sis of Gd,05 nanosheets. (b) Optical microscope image (scale bar is 20 pm). (¢) HAADF-STEM image (scale bar is
1 nm)"™. (d) Schematic diagram of synthesis of CeO, nanosheets'*. Optical microscope images of CeQ, nanosheets (e)
growth time is 5 min, (f) growth time is 25 min*". (g) SAED image of CeO, nanosheets™*’. (h) Optical microscope im-

41]

age and (i) AFM image of Eu,0; nanosheets'
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Fig.2 Synthesis of ternary two-dimensional rare earth materials by CVD. (a) Schematic diagram of the synthesis of GdOCI

nanosheets . (b) Histogram distribution of the thickness of GdOCI nanosheets at different substrate temperatures'’’.

]

(¢) Optical microscope image of GAdOCI nanosheets (scale bar is 40 pm) . (d) Schematic diagram of the synthesis of

EuOCl nanosheets, (e) optical microscope image, (f) AFM image'®’. (g) Schematic diagram of the synthesis of LaOCI

nanosheets, (h) optical microscope image, (i) AFM image . (j) Schematic diagram of the synthesis of Er,0,S, (k) op-

tical microscope image of Er,0,S nanosheets, (1) AFM image'™

]
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Fig.3 Schematic diagram of mechanical exfoliation and images of two-dimensional rare earth materials prepared by mechanical

exfoliation method. (a) Schematic diagram of preparing two-dimensional rare earth materials by mechanical exfoliation

method. (b) Optical microscope image of LaOBr nanosheets, the color is related to the thickness of the nanosheets (scale

bar is 10 pm)™. (¢) AFM image of ErOCI nanosheets™™. (d) AFM image of GdTe; nanosheets™’. (e) Optical micro-

scope image of GdTe; nanosheets (scale bar is 10 pm) . (f) Optical microscope image of LaTe; nanosheets'
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