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Supplementary Fig. 1 | Schematic illustration of the synthesis process for 2D Fe-based crystals.
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[bookmark: OLE_LINK8]Supplementary Fig. 2 | Morphology of synthesized 2D Fe-based crystals. a-c OM and d-f SEM images of Fe3O4, FeS, and Fe7Se8, 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 Fe7Se8.
The bonding states and composition of the 2D Fe-based (Fe3O4, FeS, Fe7Se8) 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 Fe3+, while the peaks at ~722.9 and ~709.8 eV are assigned to Fe2+, consistent with previously reported XPS characteristics of 2D Fe3O4, FeS and Fe7Se8 crystals. For Fe3O4, 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 2p1/2 and S 2p3/2 states, respectively. In Fe7Se8, the peaks at 54.4 eV and 55.2 eV in the Se 3d orbital correspond to the Se 3d5/2 and Se 3d3/2 states, respectively. These XPS results are consistent with previously reported data for Fe3O4, FeS, and Fe7Se8, confirming the desired chemical composition and typical bonding states of the as-prepared crystals.
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[bookmark: OLE_LINK38][bookmark: _Hlk226500466]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 Fe3O4 crystals. e-h Corresponding characterization of FeS. i-l Corresponding characterization of Fe7Se8.
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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 μm.
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Supplementary Fig. 7 | Schematic of a passively Q-switched Er3+: ZBLAN fiber laser using 2D Fe-based SAs.
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Supplementary Fig. 8 | Nonlinear absorption curves of Fe3O4 SA with different thicknesses at 2.8 μm.
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[bookmark: _Hlk220074606]Supplementary Fig. 9 | Mid-infrared transmission spectra of Fe3O4 SA with different thicknesses (2.5-12.5 μm).
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[bookmark: _Hlk220086819]Supplementary Fig. 10 | Thickness-dependent passive Q-switching characteristics (pulse width and repetition rate) of a Fe3O4 SA at 2.8 μm.
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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 μm.
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Supplementary Fig. 12 | Redshift of the A1g Raman peak (662 cm-1) of bare Fe3O4 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-Fe3O4 at 2.8 μm.
image4.jpeg




image5.jpeg
Aperture

Beam splitter
Sample
3—() -
PPMgLN OPOQ Lens

+—>
Lens
= 7z -
Displacement stage

Detector 2

Detector 1




image6.jpeg
Transmittance

1.0

0.9

1.0

0.9

1.0

0.9

— 99—
_o9—o 9

] M?ﬂ.m% Feg0y

Ths=1.93%

1 —— FeS
AT=3.64%

Ths=12.62%

|| pporo—e—e—s—o—s

AT=3.12% T FerSes
Tns=14.82%

> = oo
e S )

T T T T T T T T

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
Incident intensity (MW/cmz2)




image7.jpeg
SA DM

Filter

F1 F2 F3





image8.jpeg
2 100
0.95

g 0.90

£ o085

2

5 0.80

o075
0.70

65
0.00204060810121416

AT=25.64%
1s2=0.2 MW/em2  Tns=2.72%

Incident intensity (MW/cm?)

1.00 c
30 nm 24 nm
%o.gs % P o
£ £
£ o | AT=179% g AT=15.96%
€ 085 To=432% & —457% |
go o Neai=0.4 MW/cm?2 £ .25 MW/cm?2  Tns=4.27%
0.80
et | M
0.75

Incident intensity (MW/cm2)

d 100 € 100 —
U S nm

g ] g
§ 0% 5095 L
£ AT=1297% & i AT=9.56%
& - 5 _
5090 T=182% | 8 164=0.36 MW/em2 152 20%
= =090 l

ogshf--d V| Pt

00020406081012141.

-
o
<3

Transmittance
o
©
(<2}

1=
©
N

0.00204060810121416

Incident intensity (MW/cm?)

0002040608101214 1.6

Incident intensity (MW/cm2)

88
00020406081.01214 18

000204060810121416

Incident intensity (MW/cm?2)

3nm

Incident intensity (MW/cm?)




image9.jpeg
Transmission

1.0

——— 3nm

10 nm
18 nm
—— 24 nm

0.9 4

0.8

30 nm
— 51 nm

0.7 4

0.6

25

5.0

T
75
Wavelength (um)

10.0

125




image10.jpeg
)y ®
N
o o

Pulse width (ps]
= D
o u o

o o
o

05 1.0 15 20 25 3.0 35
Pump power (W)

120 b3 120
51 nm . 30nm|
100N = N
e i
80 3 £2 80 g
60 BE e
§ g §
40 £ 31 40%
\\v‘k_o S a \\‘\‘\‘\q g
20 ¢ &
0 0
10 15 2.0 25 3.0 3.5 4.0 45 10 1.5 2.0 25 3.0 3.5 4.0
Pump power (W) Pump power (W)
18nm| 120 ~ 10 nm 120/\
N N
z i 1005
X 3 =3
100g o 80 o
-— 3B - o
: © st w0 g
E=A ) =
w2 T e
& &
40 e
0

05 1.0 1.5 20 25 3.0 35
Pump power (W)

o
b
iS

Pulse width (us)
O = =R
(=] N o o

o
IS

24 nm

\\\\o

-
o

10 15 20 25 3.0 3.5 4.

Pump power (W)

us)
N w -

Pulse width (|

o

3nm

2y

05 10 15 20 25
Pump power (W)

120
100 ¥
<
o
80 ]
c
60 :g
g
40 @
4
20
165
N
L
=
110 2
o
c
9
55 E
3
14
0




image11.jpeg
a4 6 b s 8
51nm 30 nm
33 vl g 24 6 £
5 | ‘s B B / 5
5, 2 23 4 3
[0 [- 4 o (=%
8 2§ 8 3
51 e g2 2 a
a o //
0 0 1 0
10 15 2.0 25 3.0 3.5 40 45 1.0 1.5 20 25 30 35 4.0
Pump power (W) Pump power (W)
dys 8 e s 75
18 nm 10 nm -
240 6g 34 ) stE
5 — 5 B3 g %
S35 - 43 @ - 3
5 8 5, 25%
8 s 8 &
Z 30 22 2
& 0.0
25 0

05 1.0 15 20 25 3.0 35
Pump power (W)

05 1.0 1.5 20 25 3.0 35
Pump power (W)

Pulse energy (uJ) e
W w ks
o o o o

Ind
o

w
o

525

Pulse energy (uJ
o o =~ 2N
o v o u o

8
24 nm|

g

10 1.5 20 25 3.0 3.5 4.

Pump power (W)

3nm

o

05 10 15 20

Pump power (W)

25

W)

Peak power (

Peak power (W)




image12.jpeg
Intensity

Bare Fe;0,

Fe:Mn 4: 1

Fe:Mn 3:1
Fe:Mn 2:1

400

T
500

T
600
Raman shift (cm-1)

T
700

800




image13.jpeg
L3 Fiter L4  Fe0,

[
v

Er *: CaF,
Fiber

o





image14.jpeg
Transmittance

1.00

0.96

0.92

0.88

0.84

lsat=0.187MW/cm?

AT=14.67%
Tns=3.04%

04 06 08 10 12 14

Incident intensity (MW/cm2)

1.6




image1.jpeg
500°C-600°C

Ar + 0,/ S/ Seg) —
EEE——





image2.jpeg




image3.jpeg
Fe;04

FeS

Fe;Seq

Intensity

Intensity

531

530.2eV

eV

533 eV

Intensity

530 532 534
Binding energy (V)

740 735 730 725 720 715 710 705
Binding energy (eV)

d
E’
£
740 735 730 725 720 715 710 705
Binding energy (V)
f Fe2p
2
2P1 P2 A oo
2
k] Sat. Fe%,
E

Intensity

56 54 52
Binding energy (eV)

740 735 730 725 720 715 70 705
Binding energy (V)





