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Supplementary Fig. 1 | Schematic diagram of the growth of 2D telluride, selenide and
sulfide nanosheets in the BiOCl-assisted CVD system.
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Supplementary Fig. 2 | Schematic diagram of the growth of 2D oxide and metal
nanosheets in the BiOCl-assisted CVD system.
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Supplementary Fig. 3 | The continuous uniform 2D In:S3 film. a, Photograph of 1x1 cm?

few-layer In>S3 film on mica substrate. b, AFM image of the In>S3 film. ¢, Raman of the In,S;
film, red is In2S; film, black is mica substrate. d-h, Optical microscope image of a continuous

uniform film of In2S3 on a mica substrate.

Supplementary Table 1. Comparison of the synthesis temperature of the 2DMs grown by our

method with other CVD methods without metal-organic precursors. A denotes this work.
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Metallic | Materials | Synthesis temperature | Metallic | Materials Synthesis
element (C) element temperature
(C)
SnTe 530,' 570,% 700,3 900 * In,Te; 280~420 A
290~350 A In,Tes 280~420A
ribbon
SnSe 500,5 861 © In,0O3 380~470 A
300~360 A B-InaS; 7007
Sn | SnSe, 550,8 600,% 642,19 750 11 In 400~560 A
360~450 A In>Se; 660,12 750,13
850 14
SnS, 650,15 700,16 710,17 850 18 380~530A
380~440 A Ge | GeSe; 420~560 A
Cd 350~450A ZnS 380~490 A
CdTe 690 10 Zn [7ZnSe 430~500 A
Cd
440~540 A ZnO 440~500 A
MnTe 580 20 FeSe» 75021
440~520 A 500~580 A
MnSe 590,22 680 23 FeTe 520,  550,%
600 26
M F
" 410~560 A © 450~590 A
y-MnS 480~580 A FeS, 64077
MnO 500~590 A 480~560 A
a-Sb203 65028
a-Fe20; 420~550 A
Sb
400~460 A CusTeq 400~430 A
Cu
S-Sb03 650 %8 CuxSe 400~480 A
400~470 A
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Supplementary Fig. 4 | Atomic structures of MnTe (a), FeTe (b), Cu7Tes (c), SnTe (d),
CdTe (e) and MnSe (f).
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Supplementary Fig. 5 | Atomic structures of CuzSe (a), FeSez (b), ZnSe (c), In2Ses (d),
SnSe: (e) and SnSe (f).
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Supplementary Fig. 6 | Atomic structures of GeSe: (a), FeSz (b), SnS2 (¢), MnS (d), ZnS
(e) and B-In2S3 (f).
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Supplementary Fig. 7 | Atomic structures of #-Sb203 (a), ZnO (b), Cd (¢), MnO (d), In203
(e), and a-Sb203 (f).

5731



©OFe 00O

oln o Te

Supplementary Fig. 8 | Atomic structures of In2Te3 (a) and a-Fe20s3 (b).
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Supplementary Fig. 9 | Typical AFM images of the grown materials. The corresponding

thickness data are shown by the white line.
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Supplementary Fig. 10 | Comparison of synthesis thickness of the material library with
other reports. Most of the thinnest nanosheets were less than 10 nm. The blue data is other

reports, green data is this work. Detailed references are shown in Supplementary Table 2.

Supplementary Table 2. Comparison of the synthesis thickness of the 2DMs grown by our
method with other CVD methods. A denotes this work.

Metallic | Materials [Structure | Synthesis, Metallic | Materials [Structure | Synthesis,
element thickness (nm) | element thickness
(nm)
Sn SnTe INLM 3.6,1 120,2200,% | In In;Te; LM 7.8A
1.9 A In;Tes LM 25.5A
ribbon
SnSe LM 6,5 In, O3 INLM 434
1.6 A B-InzS; INLM 1.5
SnSe; LM 1.1,°50,89.7,11 3A
1.3 A InzSe;3 LM 1,12
SnS, LM 1.5,15 3,17 79,18 1.4A
9,16
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1 A Ge GeSe» LM 1.6A
Cd Cd INLM 6A Zn ZnS INLM 8.8 A
CdTe (NLM 4.8, ZnSe INLM 10.1 A
32A ZnO INLM 10.7A
Mn MnTe INLM 25,20 Fe FeSe» INLM 10,2
S5A 72A
MnSe INLM 09,2352 FeTe NLM 3.6,42372%
5.6A 0.8A
vy-MnS  [NLM 414 FeS; (NLM 1.9A
MnO INLM 8.7A
Sb a-Sb,O3  [NLM 0.6,%8
a-Fe, O3  [NLM 1.3A
6.6 A Cu CusTes  INLM 1.9A
B-SboO3  [NLM 552,28 CuzSe INLM 22A
18.4A
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Supplementary Fig. 11 | Raman spectra of SnSez, 2H-SnS2, SnTe, #-Sb203, In2Te3, CuzSe,
Cu7Tes, CdTe, and MnTe nanosheets. Raman peaks of SnSe> are located at 115 and 184
cm !, corresponding to Ey and 4, resonance modes®. The Raman spectra of 2H-SnS; are at
205 and 313 cm!, corresponding to E, and Ai, resonance modes'>. The Raman spectra of
SnTe are at 123 and 139 cm™!, corresponding to 41 and Eto resonance modes'. The Raman
spectra of a-Sb,O3 are at 192 and 255 cm ™!, corresponding to F» and A, resonance modes>’.
The Raman spectra of In,Tes are at 126 and 139 cm™!, corresponding to 4, and E, resonance
modes®'. Raman spectrum of the Cu,Se are at 262 cm™ 32, The Raman spectra of CusTes are at
126 and 144 cm™'*%. The Raman spectra of CdTe are at 128 and 145 cm ™!, corresponding to 4;
and LO resonance modes®*. The Raman spectra of MnTe are at 122 and 140 cm',

corresponding to 41, and E, resonance modes>’.
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Supplementary Fig. 12 | Raman spectra of MnSe, #-In2S3, In203, FeS2, FeTe, ZnO, a-
Fe:03, GeSez, and FeSe: nanosheets. The Raman spectrum of MnSe is at 256 cm ',
corresponding to LO resonance modes*®. The Raman spectra of f-In,S; are at 247, 310, 327
and 369 cm !, corresponding to the A1y, A1g, F2e and A resonance modes’. The Raman spectra
of In;O3 are at 133, 305, 366, 495 and 630 cm™!, corresponding to Eag, E1g, E2e, A1z and Eng
resonance modes®’. The Raman spectra of FeS; are at 341 and 376 cm !, corresponding to E,
and A, resonance modes®®. The Raman spectra of FeTe are at 124 and 138 cm!,
corresponding to E, and A, resonance modes®®. The Raman spectra of ZnO are at 158, 317,
380 and 437 cm !, corresponding to E», 417 and E, resonance modes*’. The Raman spectra of
o-Fe;O3 are at 225, 291 and 400 cm ™!, corresponding to the 41, E; and E, resonance modes*!.
The Raman spectrum of GeSe: is at 210 cm™!, corresponding to 4, resonance modes*’. The

Raman spectra of FeSe» are at 179 and 216 cm™'#.
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Supplementary Fig. 13 | Raman spectra of ZnS and SnSe nanosheets. The Raman
spectrum of ZnS is at 352 cm ! and 673 cm’!, corresponding to LO resonance modes**. The
Raman spectra of SnSe are at 69, 104, 125 and 149 cm™!, corresponding to the Aig, Big, A%
and 4%, resonance modes’. The Raman spectra of In;Tes are at 126 and 139 cm!,

corresponding to 41, and E; resonance modes®!.
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Supplementary Fig. 14 | Thickness-tunable synthesis of nanoplates by varying the growth
temperature (Tc). a, The statistical thickness distributions of the a-FeoOs nanosheets
synthesized with Tg set at 540 = 10 °C, 600 = 10 °C, and 660 = 10 °C, respectively. b-d,
Typical optical microscopy (OM) images and AFM image (inset) of the a-Fe>O3 nanosheets
synthesized with Tg set at 540 °C(b), 610 °C(c), and 670 °C(d), respectively, under a constant
carrier gas flow at 100 sccm (Ar/Hz mixture with 3% H»). Scale bar: 20 pm.
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Supplementary Fig. 15 | TEM characterization of the atomic structure of MnO
nanosheets. a, HAADF-TEM image of MnO nanosheet. b, The corresponding SAED image.
¢, The corresponding HRTEM image. It showed a hexagonal periodic arrangement, and the
lattice spacings of the nanosheets were 0.15 and 0.09 nm, corresponding to the (220) and (422)
planes of the hexagonal structure. d, e, TEM-EDS mapping of Mn and O in MnO nanosheets.

f, The corresponding EDS spectrum of MnO nanosheets with a Mn:O atomic ratio of 1:1.
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Supplementary Fig. 16 | TEM characterization of the atomic structure of MnSe
nanosheets. a, HAADF-TEM image of MnSe nanosheet. b, The corresponding SAED image.
¢, The corresponding HRTEM image. The lattice spacing of the nanosheet is 0.19 nm,
corresponding to the (220) planes of the hexagonal structure. d, e, TEM-EDS mapping of Mn

and Se in MnSe nanosheets. f, The corresponding EDS spectrum of MnSe nanosheets with a
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Mn:Se atomic ratio of 1:1.
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Supplementary Fig. 17 | TEM characterization of the atomic structure of MnTe
nanosheets. a, HAADF-TEM image of MnTe nanosheet. b, The corresponding SAED image.
¢, The corresponding HRTEM image. It shows a hexagonal periodic arrangement, and the
lattice spacing of the nanosheet is 0.22 nm, corresponding to the (110) planes of the hexagonal
structure. d, e, TEM-EDS mapping of Mn and Te in MnTe nanosheets. f, The corresponding

EDS spectrum of MnTe nanosheets with a Mn:Te atomic ratio of 1:1.
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Supplementary Fig. 18 | TEM characterization of the atomic structure of Cu:Se
nanosheets. a, HAADF-TEM image of Cu,Se nanosheet. b, The corresponding SAED image.
¢, The corresponding HRTEM image. It showed a hexagonal periodic arrangement, and the

lattice spacing of the nanosheets was 0.21 nm, corresponding to the (220) planes of the
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hexagonal structure. d, e, TEM-EDS mapping of Cu and Se in CuxSe nanosheets. f, The

corresponding EDS spectrum of CuxSe nanosheets with a Cu:Se atomic ratio of 2:1.
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Supplementary Fig. 19 | TEM characterization of the atomic structure of GeSe:
nanosheets. a, HAADF-TEM image of GeSe; nanosheet. b, The corresponding SAED image.
¢, The corresponding HRTEM image. It showed a tetragonal periodic arrangement, and the
lattice spacing of the nanosheets was 0.59 nm, corresponding to the (020) planes of the
tetragonal structure. d, e, TEM-EDS mapping of Ge and Se in GeSe; nanosheets. f, The
corresponding EDS spectrum of GeSe, nanosheets on a copper mesh with carbon film. It

shows that a Ge:Se atomic ratio of 1:2.
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Supplementary Fig. 20 | TEM characterization of the atomic structure of In:203
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nanosheets. a, HAADF-TEM image of InoO3 nanosheet. b, The corresponding SAED image.
¢, The corresponding HRTEM image. It shows an almost perfect hexagonal periodic
arrangement, and the lattice spacing of the nanosheet is 0.18 nm, corresponding to the (440)
planes of the hexagonal structure. d, e, TEM-EDS mapping of In and O in In,O3 nanosheets. f,

The corresponding EDS spectrum of InoO3 nanosheets with an In:O atomic ratio of 2:3.
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Supplementary Fig. 21 | TEM characterization of the atomic structure of «-Sb203
nanosheets. a, HAADF-TEM image of a-SboOs nanosheet. b, The corresponding SAED
image. ¢, The corresponding HRTEM image. It showed a hexagonal periodic arrangement, and
the lattice spacing of the nanosheets was 0.19 nm, corresponding to the (440) planes of the
hexagonal structure. d, e, TEM-EDS mapping of In and O in a-Sb2O3 nanosheets. f, The

corresponding EDS spectrum of a-Sb,O3 nanosheets with an Sb:O atomic ratio of 2:3.
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Supplementary Fig. 22 | TEM characterization of the atomic structure of SnTe
nanosheets. a, HAADF-TEM image of SnTe nanosheet. b, The corresponding SAED image.
¢, The corresponding HRTEM image. It showed a hexagonal periodic arrangement, and the
lattice spacings of the nanosheets were 0.23 and 0.32 nm, corresponding to the (220) and (200)
planes of the hexagonal structure. d, e, TEM-EDS mapping of Sn and Te in SnTe nanosheets.

f, The corresponding EDS spectrum of SnTe nanosheets with a Sn:Te atomic ratio of 1:1.
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Supplementary Fig. 23 | TEM characterization of the atomic structure of ZnSe
nanosheets. a, HAADF-TEM image of ZnSe nanosheet. b, The corresponding SAED image.
¢, The corresponding HRTEM image. It shows an almost perfect hexagonal periodic
arrangement, and the lattice spacings of the nanosheets are 0.11 and 0.19 nm, corresponding to
the (300) and (110) planes of the hexagonal structure. d, e, TEM-EDS mapping of Zn and Se

in ZnSe nanosheets. f, The corresponding EDS spectrum of ZnSe nanosheets with a Zn:Se
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atomic ratio of 1:1.
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Supplementary Fig. 24 | TEM characterization of the atomic structure of In2Ses
nanosheets. a, HAADF-TEM image of In,Ses nanosheet. b, The corresponding SAED image.
¢, The corresponding HRTEM image. It shows an almost perfect hexagonal periodic
arrangement, and the lattice spacings of the nanosheets are 0.12 and 0.20 nm, corresponding to
the (300) and (110) planes of the hexagonal structure. d, e, TEM-EDS mapping of In and Se in
In,Ses nanosheets. f, The corresponding EDS spectrum of In;Sesz nanosheets with an In:Se

atomic ratio of 2:3.
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Supplementary Fig. 25 | TEM characterization of the atomic structure of pB-In2Ss

nanosheets. a, HAADF-TEM image of B-In»S3; nanosheet. b, The corresponding SAED
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image. ¢, The corresponding HRTEM image. It showed an almost perfect hexagonal periodic
arrangement, and the lattice spacing of the nanosheets was 0.38 nm, corresponding to the
(220) planes of the hexagonal structure. d, e, TEM-EDS mapping of In and S in B-In2S;
nanosheets. f, The corresponding EDS spectrum of InoSe; nanosheets with an In:S atomic ratio

of 2:3.
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Supplementary Fig. 26 | TEM characterization of the atomic structure of ZnO
nanosheets. a, HAADF-TEM image of ZnO nanosheet. b, The corresponding SAED image. c,
The corresponding HRTEM image. It shows an almost perfect hexagonal periodic
arrangement, and the lattice spacings of the nanosheets are 0.16 and 0.28 nm, corresponding to
the (110) and (100) planes of the hexagonal structure. d, e, TEM-EDS mapping of Zn and O in
ZnO nanosheets. f, The corresponding EDS spectrum of ZnO nanosheets with a Zn:O atomic

ratio of 1:1.

Supplementary Fig. 27 | Optical microscopy images of a-Fe203 grown with and without

BiOCIl (inset) under the same growth conditions on mica substrate.
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Supplementary Fig. 28 | (a) Optical microscopy images of SnTe grown on SiO2/Si
substrate with BiOCIl. (b) Optical microscopy images of direct deposition of SnTe source

material on SiO2/Si substrate.
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Supplementary Fig. 29 | The growth of SnSez on PI substrate. Photos of PI substrate before
growth (a) and after growth (b). ¢, Optical microscopy images of the SnSe» nanosheets on the
PI substrate. d, Raman spectrum of the synthesized SnSe> nanosheets on the PI substrate. 2D
SnSe> nanosheets with hexagonal morphology and high quality were synthesized on the
polyimide (PI) substrate at 350 °C. PI is a kind of polymer with imide repeating unit, which
has the advantages of wide applicable temperature (-200~400 °C), chemical corrosion
resistance, high strength and so on. Today, it has been widely used in aviation, aerospace,

microelectronics, nano, liquid crystal, separation membrane, laser and other fields.
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Supplementary Fig. 30 | SEM-EDS mapping images of synthesized 2D Cu2Se nanosheets

on mica substrate. EDS mapping showed that after the growth of Cu,Se nanosheets, the

nanosheets were composed of Cu and Se elements, and there were no Bi, O, or CI elements in

f
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the nanosheets.

a C
ﬂ Se

Supplementary Fig. 31 | SEM-EDS mapping image of synthesized 2D MnSe nanosheets

on mica substrate. EDS mapping shows that after the growth of MnSe nanosheets, the
nanosheets are composed of Mn and Se elements, and there are no Bi, O, or Cl elements in the

nanosheets.
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Supplementary Fig. 32 | SEM-EDS characterization of FeS: nanosheets on mica

substrate. a, SEM image of the FeS nanosheets. b, ¢, SEM-EDS mapping of Fe and S in FeS
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nanosheets. d, The corresponding EDS spectrum of FeS nanosheets with an Fe:S atomic ratio

of 1:2.
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Supplementary Fig. 33 | SEM-EDS characterization of SnSe: nanosheets on mica

d
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substrate. a, SEM image of the SnSe> nanosheets. b, ¢, SEM-EDS mapping of Sn and Se in

SnSe> nanosheets. d, The corresponding EDS spectrum of SnSe; nanosheets with a Sn:Se

atomic ratio of 1:2.
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Supplementary Fig. 34 | SEM-EDS characterization of FeTe nanosheets on mica
substrate. a, SEM image of the FeTe nanosheets. b, ¢, SEM-EDS mapping of Fe and Te in

FeTe nanosheets. d, The corresponding EDS spectrum of FeTe nanosheets with a Sn:Se atomic

ratio of 1:1.
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Supplementary Fig. 35 | SEM-EDS characterization of SnSe nanosheets on mica
sbustrate. a, SEM image of the SnSe nanosheets. b, ¢, SEM-EDS mapping of Sn and Se in

SnSe nanosheets. d, The corresponding EDS spectrum of SnSe nanosheets with a Sn:Se

atomic ratio of 1:1.
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Supplementary Fig. 36 | SEM-EDS mapping image of the material obtained at the end of

the reaction zone of the tube furnace (temperature-changing zone) after growing for 1

minute and rapidly cooling down on SiO2/Si substrate.

a Pt b ‘ OK-edge Mn L—edgel Surface

Intensity (a.u.)

Interior

520 530 540 620 630 640 650 660
Energy Loss (eV)

o

C Pt Surface Mn L-edge E Surface

Intensity (a.u.)

Ao .
. Interior
520 530 540 620 630 640 650 660
Energy Loss (eV)

22/31



Supplementary Fig. 37 | Comparison the 2D MnS STEM and EELS of BiOCl-assisted
growth method (a and b) and commonly used methods (¢ and d). For the BiOCl-assisted
growth method, the clear atomic structure of MnS can be seen from STEM (a), and EELS (b)
shows the content of O element from the outside to the interface, and then to the inside of the
material. It can be seen that oxygen is present at the interface, and almost no oxygen is present
at other positions. On the contrary, the MnS material obtained by the common method has
ambiguous atomic structure (¢) and surface interface, and EELS (d) shows that there is no

oxygen element in the outside, the interface and the inside of the material.
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Supplementary Fig. 38 | Comparison 2D MnS thickness distribute of BiOCl-assisted
growth method (a and b) and commonly used methods (¢ and d) under the same
conditions. The thickness of nanosheets obtained under the same conditions by BiOCI-
assisted growth method (a and b) method is less than 20 nm, while the thickness of nanosheets

obtained by common method (¢ and d) is more than 100 nm or even 200 nm.
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Supplementary Fig. 39 | Typical surface state and atomic structure of the sample. a,
HAADF-STEM image of the cross-section of MnSe nanosheets. b-d, Annular dark field
(ADF) image (b) and the corresponding distribution of O element (¢) and Mn element (d)
using MLLS fitting. e, HAADF-STEM image of the region from the surface to the interior in
the cross-section of the MnSe nanosheet. f, Electron energy loss spectrum (EELS) spectrum
corresponding to the O K-edge and Mn L-edge from the surface to the interior region. The
blue arrow indicates the direction of the spectrum. g, EELS spectrum with enlarged area of O

K-edge spectrum.

Supplementary Fig. 40 | SEM-EDS mapping image of the transition product obtained
after growing in the reaction zone of the tube furnace for 1 minute and rapid cooling on
mica substrate. SEM-EDS mapping showed that the transition product contains Mn, Se and O

elements.

Scanned area

Supplementary Fig. 41 | SEM-EDS mapping image of the transition product obtained
after growing in the reaction zone of the tube furnace for 2 minutes and rapid cooling on
mica substrate. SEM-EDS mapping shows that the transition product contains Mn, Se and O

elements.
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Supplementary Fig. 42 | Schematic view of adsorbing H, O and Cl atoms on the y-MnS
(001), Cd (001) and SnTe (001) surfaces. a, e, Schematic view of H and Cl atoms adsorbed
on the surface of y-MnS, respectively. b-d, Schematic view of H, CI and O atoms adsorbed on

the surface of Cd. f-h, Schematic view of H, Cl and O atoms adsorbed on the surface of SnTe.
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Supplementary Fig. 43 | Photoresponse of MnTe nanosheets photodetector at room
temperature. a, l¢s—Vgs output characteristics of the MnTe photodetector in the dark and in the
various laser powers with 450 nm laser. b, The photodetector responsivity (black line) and
detectivity (red line) versus laser power densities with a voltage bias of 2 V. ¢, Time dependent
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photoresponse of MnTe photodetector under 360 nm laser. Voltage bias is 2 V. d, A typical

time-dependent photoresponse curve in a quick scan mode.
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