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Table S1. The calculation methods used in the last 2 decades for neutral iron carbide

clusters.
Author-Year Methods/bases Code packages Research objects
Cao-1996? HF/MIDI* and CISD+Q GAMESS 90 FeC,
HF-MP4, LDA, nonlocal/
Nash-19962 (9s5p1d/3s2pid) for C, Gaussian 94 FeC, FeC,, FeCs
(13s8p5d/5s3p3d) for Fe
Sosa-19973 LDA BP/STO-IV ADF 2.0.1 FeC, FesC
B3LYP/DZP for C,
(14s11p6d3f)/[8s6p4ad1if] for Fe; .
Arbuznikov-1999* CASSCF, CASPT2/ lf/l"g‘fé'/fsn fﬁ FeC,
(10s6p3d)/[4s3p2d] for C '
(17s12p9d4f)/[7s5p4d3f] for Fe
MRCI/7s6p4d3f for Fe,
. s cc-pVTZ for C;
Tzeli-2002 MRCI/7s6pad3f2g for Fe, MOLPRO 2000 FeC
cc-pvVQZ for C
Gutsev-2003° BPW91/6-311+G(d) Gaussian 98 Fe,C (x = 1~6)
PBE/split-valence triple-{ bases
_ 7
Noya-2003 with double- polarization SIESTA FeC
CASSCF/ANO-S
Hendrickx-20048 CASPT2/ANO-L gﬂil'sigisgg FeC,, FeCs
B3LYP/6-31G**
Ryzhkov-2005° P91m/DND DMol3 FeC,, Fe,C, FeC;, FesC, Fe,C,
B3LYP, QCISD/6-311+G(3df)
MOLPRO
QCISD/6-311+G(d)
_ 10
Rayon-2006 CASSCF/6-311+G(d) A/ngiﬁv FeGa
BP86/TZ2P+
Yuan-200611 B3LYP/LANL2DZ Gaussian 03 FeC,
. DMol v2.36 and! Fe,Cy,(x=2,3,4,6,8,10
_ 12 x\-12 y 92, * Y, 0, )
Harris-2007 BLYP/DND V960 12)
Ma-200713 BLYP/DNP DMol FeCy v = 11~ fg; FesCy ly =
Ryzhkov-2007%4 PBE/DND DMol3 Fe,C3
Sun-20081> PW91/DND DMol3 FesC,




PBE/plane-wave and Quantum-
. 16 _ 1~
Zhang-2008 ultra-soft pseudo potentials ESPRESSO Fe.C (x =176)
Largo-2009%7 B3LYP/6-311+G(d) Gaussian FeC, (y = 18)
Zhu-200918 B3LYP/6-311+G(d) Gaussian 03 FeC, (y = 1~10)
FesCs, Fe,Cy (x=1~3;y =
Ryzhkov-2012%° PBE, BLYP/DND DMol3 1~4)

Fex:1Cy(x = 376)(y = x™8)

Gutsev-201220

BPW91/6-311+G(d)

Gaussian 03, 09

Felgcy (y = 1N20)

Chang-2013%t B3LYP/6—-31G(d) Gaussians 03 FeC,, FeCs
SIESTA
H 22
Ganji-2013 PBE /DZP TRANSIESTA FegCiy
Li-2013%3 M11-L, SOGGA11, .
Fishtik-20132¢ MO6-L etc./ Gaussian 09 FeC
Chen-2014% BLYP/DNP DMol3 FeC, (y =9~15)
Table S2. The coordinates of predicted clusters (E for elements).
The coordinates of clusters
Formula . - - - . . . - .
XA Y@A) z@A) E XA YA z(A) E XA YA z(A
FelC1 C 10.39 10.3 10.75 Fe 10.39 10.3 9.19
FelC2 C 9.4 9.52 9.58 C 9.44 10.6 10.3 Fe 11.16 9.87 10.12
FelC3 C 10.06 10.17 8.78 C 10.08 10.76 10 C 9.98 10.18 11.22
Fe 9.88 8.89 10
FelC4 C 10.02 9.99 8.3 C 10.04 9.72 11.68 C 9.88 10.73 9.37
C 9.89 10.62 10.74 Fe 10.18 8.93 9.91
FelC5 C 10 10.06 10.57 C 10.01 9.92 9.3 C 10.02 9.77 8.01
C 10.02 9.62 6.73 C 9.99 10.21 11.85 Fe 9.96 10.41 13.54
FelC6 C 10.06 10 10.04 C 11.03 9.93 10.85 C 12.02 9.85 11.7
C 13 9.78 12.54 C 8.09 10.14 8.39 C 9.06 10.07 9.2
Fe 6.74 10.23 7.28
FelC7 C 10.04 11.13 11.37 C 10.21 9.86 11.67 C 10.31 8.59 11.44
C 9.73 11.42 8.98 C 9.79 10.27 8.35 C 9.87 11.7 10.23
C 9.89 8.98 8.23 Fe 10.16 8.04 9.74
FelC8 C 10.05 11.76 9 C 10.21 8.2 10.13 C 10.4 10.72 8.26
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9.83

8.27
8.76
11.87
8.28
10.7
8.52
11.79

10.07
9.11
7.99
8.58

10.54
9.56

11.66
11.88
8.16

10.25
10.42
12.11
9.94

11.63
7.13
9.99
9.86

11.97
8.31

8.09
10.45
7.5
11.95
9.86
9.46
11.25
8.76

11.08
10.62
7.08
12.72
10.81
11.61
9.82
7.67

11.61
11.84
11.65
9.88
8.4
8.37
8.07

10.32
8.01
11.2
9.46
8.48

12.07

10.19
11.66
11.37
8.8
11.52
9.87
9.88

12.26
9.87
7.96

10.92

10.25
7.67

8.43
6.58
8.49
9.91
8.89
8.61
7.86
11.7

10.22
10.8
9.07

10.65

12.05

11.42

12.75
6.86
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Fe20C8

Fe21C7

Fe25C10

Fe

(@]

Fe
Fe
Fe
Fe
Fe
Fe
Fe

9.91

10.12
11.34
8.56
10.41
11.07
11.94
13.03
8.04
9.03
9.92

10.95
7.35
9.94

10.98

11.44
7.36
7.61
8.89
9.36
9.82

10.47
12.7
8.09
9.76

10.46

11.09
11.7

12.57
7.75
8.48
8.85
9.66

9.3

10.88
8.96
9.56

12.79
9.19

10.85
9.84

10
8.06
8.58

12.72
12.87
8.38
13.02
10.17
10.93
9.91
9.03
10.86
10.81

7.05
6.9
9.04
6.63
12.76
11.89
8.49
11.44
9.2
7.51
6.62
8.69

8.67

6.62
11.88
11.51
12.34

6.42
12.04

8.13

9.72

8.33
10.51

8.84
8.91
10.61
10.71
6.79
11.72
7.23
12.03
5.79
10.68

11.96
8.94
7.23
9.33
9.23
6.96

11.99
8.83

11.37
8.31

11.01
6.46

C

(@)

Fe
Fe
Fe
Fe
Fe
Fe

Fe
Fe
Fe
Fe
Fe
Fe
Fe

(@)

Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe

10.14
11.77
9.02
10.46
11.44
12.2
14.01
8.38
9.54

11.14
8.73
10.55
11.04
12.04
7.42
7.95
9.19
9.62

10.64
12.95
8.37
10.09
10.55
11.4
12.28
6.78
8.11
8.51
9
9.79

11.3
12.59
13.14
13.43

7.8

9.19
10.64
11.42

12.2

12.08
10.71
10.51
9.07
11.26
131
12.29
13.22
8.63

10.22
7.73
9.77

10.26

10.02
6.64
9.29

11.79
11.5

13.55

11.08
8.58

13.25
11.16
11.27
9.94
8.41
10.29
10.44
12.05
7.95

12.36
12.99
13.14
9.17
9.11
10.76
7.22
9.13
7.23

6.46
7.92
13.1
12.51
8.51
10.31
7.08
10.44
12.41
10.8
10.2
10.3

Fe
Fe
Fe
Fe
Fe
Fe
Fe

Fe
Fe
Fe
Fe
Fe
Fe
Fe

(@)

Fe
Fe
Fe
Fe
Fe
Fe

Fe

11.29
7.82
10.07
10.62
11.74
12.25
7.96
8.57
9.91

12.46
9.2
10.62
11.42
12.49
7.61
8.56
9.27
9.71

11.9
7.42
9.62
10.46
10.91
11.45
12.49
7.58
8.15
8.74
9.26

12.9
11.37
11.13

9.97

11.6
11.77
12.51

10.1

9.62

9.75
13.66
12.54

8.93
11.16
11.09

8.91
12.48
10.88

12.34
11.4
12.8

12.59

7.4
10.6
8.83
9.57

13.03

10.93
8.08

8.33
8.35
10.51
8.54
7.13
9.55
9.83
7.29
12.73

10.24
10.94
6.98
11.55
11.47
9.4
9.42
12.41
8.25

10.38
8.7
7.48
11.7
8.03
10.72
9.63
8.95
8.54
7.28
12.95

Table S3. The structural parameters of iron carbides crystals.

Lattice constants

Formula Space group Atom, Site (x, y, z)
Present work Referenced data
a=471A a=4.70A%
b=4.26 A b=4.32A
n-Fe.C Pnnm c=2.81A c=2.83A C1,2a(0,0,0)
2 (58) a=90° a=90° Fel, 4g (0.6667, 0.25, 0)

B=90° B=90°
y=90° y =90°
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a=11.56A a=11.59A%
b=4.49 A b=458A C1, 8 (0.107, 0.285, 0.149)
y-Fe.C C,/c c=498A c=5.06A Fel, 8f (0.097, 0.078, 0.423)
> 2 (15) o =90° o =90° Fe2, 8f (0.215, 0.581, 0.306)
y =90° y =90° Fe3, 4e (0, 0.561, 0.25)
B=97.6° B=97.8°
a=5.03A a=5.09A28
b=6.73 A b=6.74 A
b 447 A ceas3A C1, 4c (0.890, 0.250, 0.450)
nma c=4. =4.
B-FesC (62) 90° 90° Fel, 8d (-0.186, 0.563, -0.328)
a= o=
800 3 o0 Fe2, 4c (0.036, 0.250, 0.852)
y =90° y =90°
a=3.76A
b=3.76 A
PML3Mm =376 A C1, 1b (0.5 0.5 0.5)
y"-FesC (221) ’900 Fel, 1a (0.0 0.0 0.0)
o=
800 Fe2, 3¢ (0.5 0.5 0.0)
y =90°
/77—:7

S

‘ ;Ufiﬁuo

1
z

b

;L‘V H‘I

Figure S1. The Schematic side and top views of FesC,(111) surface (a=6.71,b=6.19, c=

19.19, a =B =90°, y = 109.552°, cell-formula = Fe3Cy5)
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