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Supplementary Fig. 1 | Schematic illustration of the synthesis process for 2D Fe-based crystals.



Supplementary Fig. 2 | Morphology of synthesized 2D Fe-based crystals. a-c OM and d-f SEM images of Fe3Oa,

FeS, and Fe;Ses, respectively.
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Supplementary Fig. 3 | XPS analysis of 2D Fe-based crystals. a-b Fe 2p and O 1s spectra of Fe3O4; c-d Fe 2p and
S 2p spectra of FeS; e-f Fe 2p and Se 3d spectra of Fe;Ses.

The bonding states and composition of the 2D Fe-based (Fe3Oa, FeS, FesSeg) crystals were further confirmed
by X-ray photoelectron spectroscopy (XPS), as shown in Figure S3. The binding energies at ~725.9 and ~712.3 eV
correspond to Fe*, while the peaks at ~722.9 and ~709.8 eV are assigned to Fe?", consistent with previously reported
XPS characteristics of 2D Fe304, FeS and Fe;Ses crystals. For Fe30a4, three distinct peaks located at 530.33, 531.63,
and 532.73 eV confirm the presence of O 1s. For FeS, the peaks at 163.95 eV and 162.1 eV in the S 2p orbital are
attributed to the S 2pi/2 and S 2p3/; states, respectively. In Fe;Ses, the peaks at 54.4 eV and 55.2 eV in the Se 3d orbital
correspond to the Se 3ds» and Se 3ds; states, respectively. These XPS results are consistent with previously reported
data for Fe3Oa, FeS, and Fe;Ses, confirming the desired chemical composition and typical bonding states of the as-

prepared crystals.



Supplementary Fig. 4 | Composition and structure of 2D Fe-based crystals. a-d HRTEM image, SAED pattern,

and TEM-EDS elemental maps of an ultrathin Fe;O4 crystals. e-h Corresponding characterization of FeS. i-1

Corresponding characterization of Fe;Ses.
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Supplementary Fig. 5 | Schematic of the open-aperture Z-scan setup.
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Supplementary Fig. 6 | Normalized transmittance of 2D Fe-based SAs at 2.8 pm.
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Supplementary Fig. 7 | Schematic of a passively Q-switched Er3*: ZBLAN fiber laser using 2D Fe-based SAs.



1Y
=2

1.00 1.00 € 1.00
0.95 51 nm 30 nm 24 nm
’ ® 0.95
8 0s0 e 8 0.95]
£ £ Z
Z o085 aT=2564%| £ 0-90 - E
2 080] lea=02 MW/cm?2 Tns=2.72% | € DTwizo% s9f AT=15.96%
.80 =0. cm2 Ins¥<. =4.329 :
S sat ’,__Q 0.85 lea=0.4 MW/cm? Tns=4.32% g 14=0.25 MW/cm2 Ths=4.27%
0.75 ' J 0.85
0570 [ e O e | b l ____________
65 0.75 P 0.80 S
000204060810121416 00020406081.0121416 000204060810121416
Incident intensity (MW/cm?) Incident intensity (MW/cm?2) Incident intensity (MW/cm?2)
d e
1.00 1.00 f 1.00
18 nm - - 10 nm 3nm
3 & 3 3
5 0.95 4 §0A95 L éo,ge.
= / ' AT=12.97% & AT=9.56% b=
[ > = 0, 0 = 0, [}
§0901 1o Loamwiome ™8R § 144=0.36 MW/om2 1ns-2-2¢% §
= : ££0.90 l =0.921

0.85 0.88
0.00.20406081.0121416 0.00204060810121416 0.0020406081.0121416
Incident intensity (MW/cm2) Incident intensity (MW/cm?2) Incident intensity (MW/cm2)

Supplementary Fig. 8 | Nonlinear absorption curves of Fe3O4 SA with different thicknesses at 2.8 pm.
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Supplementary Fig. 9 | Mid-infrared transmission spectra of Fe3O4 SA with different thicknesses (2.5-12.5 pm).
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Supplementary Fig. 10 | Thickness-dependent passive Q-switching characteristics (pulse width and repetition

rate) of a Fe;O4 SA at 2.8 pm.
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Supplementary Fig. 11 | Thickness-dependent passive Q-switching characteristics (pulse energy and peak

power) of a Fe3O4 SA at 2.8 pm.
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Supplementary Fig. 12 | Redshift of the A, Raman peak (662 cm™) of bare Fe3Oy as a function of Mn doping

concentration.
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Supplementary Fig. 13 | Schematic of the experimental setup for laser-induced damage threshold test.
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Supplementary Fig. 14 | Nonlinear absorption curves of Mn-Fe;O4 at 2.8 pm.
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