-  Supplementary Information -

Structural tale of two novel (Cr,Mn)C carbides in steel 

G. K. Tirumalasetty, C.M. Fang, J. Jansen, T. Yokosawa, M.F.J. Boeije, 

J. Sietsma, M.A. van Huis, H.W. Zandbergen

Table S.1: Nanobeam electron diffraction data used for the refinement of O- carbides using Model B and Model C in Table S2. 
	MSLS - Model B

	Data set No
	Zone
	Number of observed reflections
	Thickness

(Å)
	Crystal misorientation
	R- value (%)

	
	
	
	
	h
	k
	l
	

	1
	[201]
	148
	379.8(13)
	0.010(17)
	 0.006(11) 
	-0.021(3) 
	2.737

	2
	[102]
	155
	134.5(15)
	0.052(3)
	0.15(3)
	-0.026(5)
	4.151

	3
	[110]
	249
	466.4(16)
	0.163(3)
	-0.163(3)
	-0.012(4)
	7.006

	4
	[102]
	127
	136.9(12)
	-0.186(12)
	-0.02(3)
	0.093(6)
	9.045

	5
	[102]
	103
	130.6(13)
	-0.08(11)
	0.13(3)
	0.044(6)
	3.160

	6
	[100]
	148
	377.5(3)
	0.00
	-0.302(8)
	-0.05(10)
	4.496

	7
	[201]
	131
	380.6(13)
	-0.013(18)
	-0.020(11)
	0.027(4)
	2.767

	8
	[102]
	160
	135.4(13)
	0.044(10)
	0.20(3)
	-0.022(5)
	4.791

	9
	[210]
	177
	168.0(12)
	 0.266(11)
	-0.53(2)
	0.565(14)
	8.024

	10
	[102]
	124
	130.0(14)
	-0.086(11)
	-0.12(3)
	0.043(6)
	3.043

	11
	[210]
	186
	193.1(19)
	-0.133(8)
	0.266(17)
	-0.462(14)
	8.430

	12
	[010]
	227
	239.4(4)
	 0.151(17)
	0.000000
	0.023(8)
	5.377

	13
	[010]
	263
	240.0(3)
	-0.145(17)
	0.000000
	-0.014(8)
	4.664


	MSLS - Model C

	Data set No
	Zone
	Number of observed reflections
	Thickness

(Å)
	Crystal misorientation
	R- value (%)

	
	
	
	
	h
	k
	l
	

	1
	[201]
	148
	381.4(14)
	0.011(18)
	-0.004(11)
	-0.024(4)
	2.037

	2
	[102]
	155
	139.1(12)
	0.049(10)
	0.13(3)
	-0.025(5)
	3.886

	3
	[110]
	249
	486.6(10)
	0.145( 3)
	-0.145(3)
	-0.011(4)
	8.249

	4
	[102]
	127
	141.8(12)
	-0.180(11)
	-0.02(3)
	0.090(6)
	9.064

	5
	[102]
	103
	134.4(14)
	-0.084(11)
	-0.13(3)
	0.042(5)
	3.154

	6
	[100]
	148
	394.4(6)
	0.000000
	0.021(8)
	0.039(9)
	3.590

	7
	[201]
	131
	382.4(14)
	-0.014(18)
	-0.019(11)
	0.030(4)
	2.026

	8
	[102]
	160
	140.2(12)
	0.041(10)
	0.17(3)
	-0.021(5)
	4.622

	9
	[210]
	177
	167.3(15)
	0.277(10)
	-0.553(20)
	0.579(14)
	7.962

	10
	[102]
	124
	133.4(14)
	-0.083(11)
	-0.11(3)
	0.041(6)
	3.066

	11
	[210]
	186
	191.6(15)
	-0.126(8)
	0.251(16)
	-0.432(13)
	8.673

	12
	[010]
	227
	234.3(7)
	0.102(18)
	0.000000
	0.021(8)
	4.210

	13
	[010]
	263
	234.6(7)
	-0.099(18)
	0.000000
	-0.012(8)
	3.242


Table S.2: MSLS-refined structural parameters of O-carbide with Models B and C.

	MSLS - Model B

	Atomic Coordinates
	Wyckoff site
	x
	y
	z
	B
	Occupation

	Mn1
	4c
	0.0688( 4)
	1/4
	0.8289( 3)
	0.508(18)
	1.0

	Mn2
	8d
	0.1945( 5)*
	0.0914( 3)*
	0.3468( 3)*
	0.383( 7)*
	0.5*

	Cr1
	8d
	0.1945( 5)
	0.0914( 3)
	0.3468( 3)
	0.383( 7)
	0.5

	C1
	4c
	0.806( 3)
	1/4
	0.4294(18)
	0.1
	0.63( 4)

	C2
	4a
	0
	0
	0
	0.1
	0.062( 8)


Space group: Pnma, a(O) = 5.09 Å, b(O) = 6.98 Å, c(O) = 4.55 Å,  α = β = γ = 90°, R = 5.28%. The temperature factor of C1 and C2 was set to 0.1, since the occupancy and temperature factor of an atom (in this case C1 and C2) are generally strongly coupled in the refinement. The * indicates the constraints used in the refinement procedure: x(Mn2) = x(Cr1), y(Mn2) = y(Cr1), z(Mn2) = z(Cr1), B(Mn2) = B(Cr1), Occ(Mn2) = 1- Occ(Cr1).

	MSLS - Model C

	Atomic Coordinates
	Wyckoff site
	x
	y
	z
	B
	Occupation

	Mn1
	4c
	0.0711( 4)*
	1/4*
	0.8274( 3)*
	0.683(17)*
	0.6666667*

	Cr1
	4c
	0.0711( 4)
	1/4
	0.8274( 3)
	0.683(17)
	0.3333333

	Mn2
	8d
	0.1965( 5)
	0.0924( 3)
	0.3473( 2)
	0.386( 7)
	0.6666667

	Cr2
	8d
	0.1965( 5)*
	0.0924( 3)*
	0.3473( 2)*
	0.386( 7)*
	0.3333333*

	C1
	4c
	0.810( 3)
	1/4
	0.4571(17)
	0.1
	0.796( 4)

	C2
	4a
	0
	0
	0
	0.1
	0.108( 8)


Space group: Pnma, a(O) = 5.09 Å, b(O) = 6.98 Å, c(O) = 4.55 Å,  α = β = γ = 90°, R = 5.07%. The temperature factor of C1 and C2 was set to 0.1, since the occupancy and temperature factor of an atom (in this case C1 and C2) are generally strongly coupled in the refinement. The * indicates the constraints used in the refinement procedure: x(Mn1) = x(Cr1), y(Mn1) = y(Cr1), z(Mn1) = z(Cr1), x(Cr2) = x(Mn2), y(Cr2) = y(Mn2), z(Cr2) = z(Mn2), B(Mn1) = B(Cr1), B(Cr2) = B(Mn2),  Occ(Mn1) = 1- Occ(Cr1), Occ(Cr2) = 1- Occ(Mn2).

Table S.3: Nanobeam electron diffraction data used for the refinement of M- carbides using Model A and Model B in Table S4.
	MSLS - Model A

	Data set No
	Zone
	Number of observed reflections
	Thickness

(Å)
	Crystal misorientation
	R- value (%)

	
	
	
	
	h
	k
	l
	

	1
	[100]
	240
	240.3(10)
	0.000000
	0.01( 3)
	0.014(10)
	5.083

	2
	[100]
	240
	240.0(10)
	0.000000
	-0.06( 3)
	-0.003(10)
	5.302

	3
	[201]
	150
	204.1(13)
	0.008( 3)
	0.091(18)
	-0.016( 5)
	3.539

	4
	[201]
	143
	212.3(12)
	-0.035( 4)
	-0.845(20)
	0.070( 8)
	8.999

	5
	[201]
	172
	155.6(20)
	0.314(11)
	0.83( 4)
	-0.63( 2)
	3.067

	6
	[100]
	233
	236.6(11)
	0.000000
	0.09( 3)
	-0.015(10)
	8.095

	7
	[100]
	255
	240.2(10)
	0.000000
	0.08( 3)
	0.057(10)
	8.219

	8
	[201]
	138
	211.3(12)
	0.053( 3)
	-0.643(18)
	-0.105( 6)
	3.695

	9
	[201]
	135
	268.7(17)
	-0.185( 3)
	-0.411(10)
	0.369( 6)
	1.733

	10
	[100]
	222
	237.7(10)
	0.000000
	-0.09( 3)
	-0.029(10)
	8.450

	11
	[100]
	262
	238.9(11)
	0.000000
	-0.03( 3)
	0.070(11)
	8.457

	12
	[100]
	242
	240.2(10)
	0.000000
	0.08( 3)
	0.060(10)
	7.202

	13
	[203]
	97
	238.2( 4)
	0.028( 3)
	-0.117(18)
	-0.018(20)
	4.483

	14
	[203]
	95
	240.2( 4)
	0.016( 3)
	-0.179(14)
	-0.010(19)
	6.240

	15
	[203]
	84
	234.2( 4)
	-0.002( 3)
	-0.032(19)
	0.002( 2)
	3.051

	16
	[203]
	92
	248.8( 5)
	-0.023( 3)
	0.309(10)
	0.016( 2)
	6.522

	17
	[203]
	90
	244.3( 4)
	0.013( 3)
	0.173(13)
	-0.008(19)
	6.295

	18
	[203]
	90
	243.5( 4)
	0.031( 3)
	-0.223(12)
	-0.020(20)
	4.947

	19
	[203]
	90
	242.9( 4)
	-0.011( 3)
	0.147(16)
	0.007( 2)
	6.012


	MSLS - Model B

	Data set No
	Zone
	Number of observed reflections
	Thickness

(Å)
	Crystal misorientation
	R- value (%)

	
	
	
	
	h
	k
	l
	

	1
	[100]
	240
	234.5(10)
	0.000000
	0.11( 3)
	0.013( 9)
	4.826

	2
	[100]
	240
	233.3(10)
	0.000000
	-0.08( 3)
	-0.002( 9)
	5.208

	3
	[201]
	150
	200.9(13)
	0.008( 3)
	0.096(20)
	-0.016( 5)
	3.777

	4
	[201]
	143
	213.9(11)
	-0.034( 4)
	-0.870(17)
	0.068( 7)
	7.906

	5
	[201]
	172
	158.7(20)
	0.315(11)
	0.83( 3)
	-0.63( 2)
	3.089

	6
	[100]
	233
	230.0(10)
	0.000000
	0.19( 3)
	-0.019(10)
	7.923

	7
	[100]
	255
	233.4(10)
	0.000000
	0.03( 4)
	0.053(10)
	8.739

	8
	[201]
	138
	212.0(11)
	0.053( 3)
	-0.680(16)
	-0.106( 6)
	3.369

	9
	[201]
	135
	263.3(17)
	-0.180( 3)
	-0.451(10)
	0.361( 6)
	1.845

	10
	[100]
	222
	230.6(10)
	0.000000
	-0.07( 3)
	-0.032( 9)
	8.710

	11
	[100]
	262
	235.6(11)
	0.000000
	-0.25( 3)
	0.073(10)
	7.880

	12
	[100]
	242
	233.5(10)
	0.000000
	0.02( 4)
	0.056(10)
	7.687

	13
	[203]
	97
	231.9( 3)
	0.025( 3)
	-0.238(16)
	-0.016(19)
	4.525

	14
	[203]
	95
	233.7( 3)
	0.013( 3)
	-0.280(12)
	-0.008(18)
	6.210

	15
	[203]
	84
	227.9( 3)
	-0.004( 3)
	-0.09( 2)
	0.002( 2)
	2.882

	16
	[203]
	92
	241.7( 5)
	-0.021( 3)
	0.399( 9)
	0.014(20)
	6.579

	17
	[203]
	90
	237.4( 4)
	0.011( 3)
	0.270(12)
	-0.007(18)
	6.089

	18
	[203]
	90
	236.7( 4)
	0.028( 3)
	-0.326(10)
	-0.018(19)
	5.037

	19
	[203]
	90
	236.2( 4)
	-0.011( 3)
	0.238(15)
	0.007(19)
	5.782


Table S.4: MSLS-refined parameters of M-carbide with Models A and B.

	MSLS – Model A

	Atomic coordinates
	Wyckoff site
	x
	y
	z
	B
	Occupation

	Mn1
	4e
	0.102( 3)
	0.3194( 9)
	0.1334(14)
	0.1
	0.75

	Cr1
	4e
	0.102( 3)*
	0.3194( 9)*
	0.1334(14)*
	0.1*
	0.25*

	Mn2
	4e
	0.430( 3)*
	0.3742( 6)*
	0.1528(17)*
	0.71( 7)*
	0.75*

	Cr2
	4e
	0.430( 3)
	0.3742( 6)
	0.1528(17)
	0.71( 7)
	0.25

	Cr3
	4e
	0.2414(10)
	0.8573( 7)
	0.0091(15)
	0.81( 7)
	1.0

	C1
	4e
	0.299( 2)
	0.4423(16)
	0.884( 2)
	3.2( 4)
	1.0

	C2
	2a
	0
	0
	0
	0.1
	1.0


Space group: P21/c, a(M) = 6.83 Å, b(M) = 4.54 Å, c(M) = 5.00 Å,  α = γ = 90°, β(M) = 92.2°, R = 5.03%. The temperature factor of Mn1, Cr2, C2 was set to 0.1, since the occupancy and temperature factor of an atom (in this case Mn1, Cr2, C2) are generally strongly coupled in the refinement. The * indicates the constraints used in the refinement procedure: x(Cr1) = x(Mn1), y(Cr1) = y(Mn1), z(Cr1) = z(Mn1), x(Mn2) = x(Cr2), y(Mn2) = y(Cr2), z(Mn2) = z(Cr2), B(Cr1) = B(Mn1), B(Mn2) = B(Cr2), Occ(Cr1) = 1- Occ(Mn1), Occ(Mn2) = 1- Occ(Cr2)

	MSLS – Model B

	Atomic coordinates
	Wyckoff site
	x
	y
	z
	B
	Occupation

	Mn1
	4e
	0.103( 2)
	0.3220( 7)
	0.1327(13)
	0.1
	0.5

	Cr1
	4e
	0.103( 2)*
	0.3220( 7)*
	0.1327(13)*
	0.1*
	0.5*

	Mn2
	4e
	0.4311(16)*
	0.3731( 5)*
	0.1534(13)*
	0.19( 5)*
	0.5*

	Cr2
	4e
	0.4311(16)
	0.3731( 5)
	0.1534(13)
	0.19( 5)
	0.5

	Mn3
	4e
	0.2533( 8)*
	0.8539( 6)*
	0.0160(12)*
	0.50( 4)*
	0.5

	Cr3
	4e
	0.2533( 8)
	0.8539( 6)
	0.0160(12)
	0.50( 4)
	0.5

	C1
	4e
	0.306( 2)
	0.4464(16)
	1.8( 2)
	0.887( 2)
	1.0

	C2
	2a
	0
	0
	0
	0.1
	1.0


Space group: P21/c, a(M) = 6.83 Å, b(M) = 4.54 Å, c(M) = 5.00 Å,  α = γ = 90°, β(M) = 92.2°, R = 4.96%. The temperature factor of Mn1, C2 was set to 0.1, since the occupancy and temperature factor of an atom (in this case Mn1, C2) are generally strongly coupled in the refinement. The * indicates the constraints used in the refinement procedure: x(Cr1) = x(Mn1), y(Cr1) = y(Mn1), z(Cr1) = z(Mn1), x(Mn2) = x(Cr2), y(Mn2) = y(Cr2), z(Mn2) = z(Cr2), x(Mn3) = x(Cr3), y(Mn3) = y(Cr3), z(Mn3) = z(Cr3), B(Cr1) = B(Mn1), B(Mn2) = B(Cr2), B(Mn3) = B(Cr3), Occ(Cr1) = 1- Occ(Mn1), Occ(Mn2) = 1- Occ(Cr2), Occ(Mn3) = 1- Occ(Cr3).
Table S.5: Calculated lattice parameters and formation energies for binary chemical composition of L3C1+x (L= Cr and Mn; x = 0, 0.25) and ternary composition (Mn2Cr)C1+x (x = 0, 0.25) 
ΔE = {E(Ln1Ln2Cm) – [n1 Eelem(Ln1)+n2 Eelem(Ln2) + m E(C)]}/ (n1+n2+m) is the formation energy with respect to the elemental solids (Bcc-Mn/Cr, graphite). 
	Compound
	Atom
	Wyckoff site
	DFT-GGA
	Experimental
	ΔE

	Mn3C
	Mn1
	8d
	a = 4.934 

b = 6.671 

c = 4.443 
	 a = 5.080 

 b = 6.772 [16]

 c = 4.530
	-211.5 

	
	Mn2
	4c
	
	
	

	
	C1
	4c
	
	
	

	Cr3C
	Cr1
	8d
	a = 5.194 

b = 6.628 

c = 4.509  
	 a = 5.033 

 b = 6.731 [12]

 c = 4.483
	-108.0

	
	Cr2
	4c
	
	
	

	
	C1
	4c
	
	
	

	Mn2CrC


	Mn1 
	8d
	a = 4.995

b = 6.762

c = 4.415
	No data available
	-188.8

	
	Cr1
	4c
	
	
	

	
	C1
	4c
	
	
	

	
	Mn1 
	8d
	a = 4.997

b = 6.667

c = 4.487
	
	-190.1

	
	Mn2
	4c
	
	
	

	
	Cr1
	8d
	
	
	

	
	C1
	4c
	
	
	

	
	Mn1 
	4c
	a = 5.001

b = 6.709

c = 4.412
	
	-183.4

	
	Mn2
	8d
	
	
	

	
	Cr1
	8d
	
	
	

	
	Cr2
	4c
	
	
	

	
	C1
	4c
	
	
	

	Mn3C1.25


	Mn1
	8d 
	a = 5.047

b = 6.953

c = 4.519
	
	-162.7

	
	Mn2
	4c
	
	
	

	
	C1
	4c
	
	
	

	
	C2
	4a
	
	
	

	Cr3C1.25


	Cr1
	8d 
	a = 5.138

b = 6.878

c = 4.613
	
	-93.7

	
	Cr2
	4c
	
	
	

	
	C1
	4c
	
	
	

	
	C2
	4a
	
	
	


Table S.6: The DFT-GGA results for the replacements of Fe in the O-carbide. ΔE (eV/C) is the energy of adding one C at 4a sites of cementite-phase (L3C1 to L3C1.25). 
	Phases
	Lattice Parameter (Å)
	ΔE (eV/C)

	Fe3C1.25


	a = 5.011

b = 6.940

c = 4.578
	0.517

	Mn3C1.25


	a = 5.047

b = 6.954

c = 4.519
	0.618

	Cr3C1.25


	a = 5.138

b = 6.878

c = 4.613
	0.135

	(Mn2/3Cr1/3)3C1.25


	a = 5.032

b = 6.959

c = 4.526
	0.650




Table S.7: The DFT-GGA results for the replacements of Fe in the M-carbide. 

	Phases
	Lattice Parameter (Å)
	ΔE (eV/f.u.)

	(Mn1/2Cr1/2)3C1.5


	a = 5.067

b = 7.124

c = 4.576

β = 88.7 °
	0.00

	(Fe1/3Mn1/3Cr1/3)3C1.5


	a = 5.083

b = 7.007

c = 4.569

β = 88.7 °
	0.205



	(Fe2/3Mn1/6Cr1/6)3C1.5


	a = 5.040

b = 7.078

c = 4.645

β = 87.8 °
	0.237




Table S.8: Comparison of experimental crystal structure information of the O-carbide with DFT Models A, B and C.

	DFT - Model A

	Space group
	Pnma

 (nr. 62)
	
	
	
	
	

	Lattice parameters 
	a = 5.03 Å

b = 6.95 Å

c = 4.52 Å
	α = 90°
β = 90°

γ = 90°
	
	
	
	

	Atomic Coordinates
	Wyckoff site
	x
	y
	z
	Overall

B
	Occupation

	Cr1
	4c
	0.0425
	1/4
	0.8396
	0


	1.0

	Mn1
	8d
	0.1919
	0.0737
	0.3446
	
	1.0

	C1
	4c
	0.8686
	1/4
	0.4562
	
	1.0

	C2
	4a
	0
	0
	0
	
	0.25

	MSLS - Model A

	Space group
	Pnma

 (nr. 62)
	
	
	
	
	

	Lattice parameters
	a(O) = 5.09 Å

b(O) = 6.98 Å

c(O) = 4.55 Å
	α = 90°
β = 90°

γ = 90°
	
	
	
	

	Atomic Coordinates
	Wyckoff site
	x
	y
	z
	B
	Occupation

	Cr1
	4c
	0.0671 (4)
	1/4
	0.8255 (3)
	0.065(10)
	1.0

	Mn1
	8d
	0.1991 (5)
	0.0897 (3)
	0.3447 (2)
	0.116(5)
	1.0

	C1
	4c
	0.823 (3)
	1/4
	0.4648 (13)
	0.42(10)
	1.0

	C2
	4a
	0
	0
	0
	0.1
	0.238(7)


	DFT - Model B

	Space group
	Pnma

 (nr. 62)
	
	
	
	
	

	Lattice parameters
	a = 5.07 Å

b = 6.77 Å

c = 4.56 Å
	α = 90°
β = 90°

γ = 90°
	
	
	
	

	Atomic Coordinates
	Wyckoff site
	x
	y
	z
	Overall

B
	Occupation

	Mn1
	4c
	0.0425
	1/4
	0.8396
	0


	1.0

	Mn2
	8d
	0.1919
	0.0737
	0.3446
	
	0.5

	Cr1
	8d
	0.1919
	0.0737
	0.3446
	
	0.5

	C1
	4c
	0.8686
	1/4
	0.4562
	
	1.0

	C2
	4a
	0
	0
	0
	
	0.25

	MSLS - Model B

	Space group
	Pnma

 (nr. 62)
	
	
	
	
	

	Lattice parameters 
	a(O) = 5.09 Å

b(O) = 6.98 Å

c(O) = 4.55 Å
	α = 90°
β = 90°

γ = 90°
	
	
	
	

	Atomic Coordinates
	Wyckoff site
	x
	y
	z
	B
	Occupation

	Mn1
	4c
	0.0688( 4)
	1/4
	0.8289( 3)
	0.508(18)
	1.0

	Mn2
	8d
	0.1945( 5)
	0.0914( 3)
	0.3468( 3)
	0.383( 7)
	0.5

	Cr1
	8d
	0.1945( 5)
	0.0914( 3)
	0.3468( 3)
	0.383( 7)
	0.5

	C1
	4c
	0.806( 3)
	1/4
	0.4294(18)
	0.100000
	0.63( 4)

	C2
	4a
	0
	0
	0
	0.100000
	0.062( 8)


	DFT - Model C

	Space group
	Pnma

 (nr. 62)
	
	
	
	
	

	Lattice parameters
	a = 5.03 Å

b = 6.95 Å

c = 4.52 Å
	α = 90°
β = 90°

γ = 90°
	
	
	
	

	Atomic Coordinates
	Wyckoff site
	x
	y
	z
	Overall

B
	Occupation

	Mn1
	4c
	0.0425
	1/4
	0.8396
	0


	0.6666667

	Cr1
	4c
	0.0425
	1/4
	0.8396
	
	0.3333333

	Mn2
	8d
	0.1919
	0.0737
	0.3446
	
	0.6666667

	Cr2
	8d
	0.1919
	0.0737
	0.3446
	
	0.3333333

	C1
	4c
	0.8686
	1/4
	0.4562
	
	1.0

	C2
	4a
	0
	0
	0
	
	0.25

	MSLS - Model C

	Space group
	Pnma

 (nr. 62)
	
	
	
	
	

	Lattice parameters 
	a(O) = 5.09 Å

b(O) = 6.98 Å

c(O) = 4.55 Å
	α = 90°
β = 90°

γ = 90°
	
	
	
	

	Atomic Coordinates
	Wyckoff site
	x
	y
	z
	B
	Occupation

	Mn1
	4c
	0.0711( 4)
	1/4
	0.8274( 3)
	0.683(17)
	0.6666667

	Cr1
	4c
	0.0711( 4)
	1/4
	0.8274( 3)
	0.683(17)
	0.3333333

	Mn2
	8d
	0.1965( 5)
	0.0924( 3)
	0.3473( 2)
	0.386( 7)
	0.6666667

	Cr2
	8d
	0.1965( 5)
	0.0924( 3)
	0.3473( 2)
	0.386( 7)
	0.3333333

	C1
	4c
	0.810( 3)
	1/4
	0.4571(17)
	0.1
	0.796( 4)

	C2
	4a
	0
	0
	0
	0.1
	0.108( 8)


Table S.9: Comparison of experimental crystal structure information of the M-carbide with DFT Models A, B and C.

	DFT – Model A

	Space group
	P21/c 

(nr. 14)
	
	
	
	
	

	Lattice parameters
	a = 7.12 Å

b = 4.57 Å

c = 5.06 Å
	α = 90.0°
β = 91.4°

γ = 90.0°
	
	
	
	

	Atomic coordinates
	Wyckoff site
	x
	y
	z
	Overall

B
	Occupation

	Mn1
	4e
	0.0993
	0.3366
	0.1767
	0


	0.75

	Cr1
	4e
	0.0993
	0.3366
	0.1767
	
	0.25

	Mn2
	4e
	0.4500
	0.3485
	0.1886
	
	0.75

	Cr2
	4e
	0.4500
	0.3485
	0.1886
	
	0.25

	Cr3
	4e
	0.2548
	0.8398
	0.0397
	
	1.0

	C1
	4e
	0.2918
	0.4372
	0.8806
	
	1.0

	C2
	2a
	0
	0
	0
	
	1.0

	MSLS – Model A

	Space group
	P21/c 

(nr. 14)
	
	
	
	
	

	Lattice parameters
	a(M) = 6.83 Å

b(M) = 4.54 Å

c(M) = 5.00 Å
	α = 90.0°
β(M) = 92.2°

γ = 90.0°
	
	
	
	

	Atomic coordinates
	Wyckoff site
	x
	y
	z
	B
	Occupation

	Mn1
	4e
	0.102( 3)
	0.3194( 9)
	0.1334(14)
	0.1
	0.75

	Cr1
	4e
	0.102( 3)
	0.3194( 9)
	0.1334(14)
	0.1
	0.25

	Mn2
	4e
	0.430( 3)
	0.3742( 6)
	0.1528(17)
	0.71( 7)
	0.75

	Cr2
	4e
	0.430( 3)
	0.3742( 6)
	0.1528(17)
	0.71( 7)
	0.25

	Cr3
	4e
	0.2414(10)
	0.8573( 7)
	0.0091(15)
	0.81( 7)
	1.0

	C1
	4e
	0.299( 2)
	0.4423(16)
	0.884( 2)
	3.2( 4)
	1.0

	C2
	2a
	0
	0
	0
	0.1
	1.0


	DFT – Model B

	Space group
	P21/c 

(nr. 14)
	
	
	
	
	

	Lattice parameters
	a = 7.13 Å

b = 4.60 Å

c = 5.07 Å
	α = 90.0°
β = 91.2°

γ = 90.0°
	
	
	
	

	Atomic coordinates
	Wyckoff site
	x
	y
	z
	Overall

B
	Occupation

	Mn1
	4e
	0.1074
	0.3235
	0.1813
	0


	0.5

	Cr1
	4e
	0.1074
	0.3235
	0.1813
	
	0.5

	Mn2
	4e
	0.4496
	0.3495
	0.1846
	
	0.5

	Cr2
	4e
	0.4496
	0.3495
	0.1846
	
	0.5

	Mn3
	4e
	0.2539
	0.8325
	0.0429
	
	0.5

	Cr3
	4e
	0.2539
	0.8325
	0.0429
	
	0.5

	C1
	4e
	0.2878
	0.4422
	0.8793
	
	1.0

	C2
	2a
	0
	0
	0
	
	1.0

	MSLS – Model B

	Space group
	P21/c

 (nr. 14)
	
	
	
	
	

	Lattice parameters
	a(M) = 6.83 Å

b(M) = 4.54 Å

c(M) = 5.00 Å
	α = 90.0°
β(M) = 92.2°

γ = 90.0°
	
	
	
	

	Atomic coordinates
	Wyckoff site
	x
	y
	z
	B
	Occupation

	Mn1
	4e
	0.103( 2)
	0.3220( 7)
	0.1327(13)
	0.1
	0.5

	Cr1
	4e
	0.103( 2)
	0.3220( 7)
	0.1327(13)
	0.1
	0.5

	Mn2
	4e
	0.4311(16)
	0.3731( 5)
	0.1534(13)
	0.19( 5)
	0.5

	Cr2
	4e
	0.4311(16)
	0.3731( 5)
	0.1534(13)
	0.19( 5)
	0.5

	Mn3
	4e
	0.2533( 8)
	0.8539( 6)
	0.0160(12)
	0.50( 4)
	0.5

	Cr3
	4e
	0.2533( 8)
	0.8539( 6)
	0.0160(12)
	0.50( 4)
	0.5

	C1
	4e
	0.306( 2)
	0.4464(16)
	1.8( 2)
	0.887( 2)
	1.0

	C2
	2a
	0
	0
	0
	0.1
	1.0


	DFT – Model C

	Space group
	P21/c 

(nr. 14)
	
	
	
	
	

	Lattice parameters
	a = 7.07 Å

b = 4.64 Å

c = 5.12 Å
	α = 90.0°
β = 92.0°

γ = 90.0°
	
	
	
	

	Atomic coordinates
	Wyckoff site
	x
	y
	z
	Overall

B
	Occupation

	Mn1
	4e
	0.1066
	0.3170
	0.1842
	0


	0.25

	Cr1
	4e
	0.1066
	0.3170
	0.1842
	
	0.75

	Mn2
	4e
	0.4477
	0.3517
	0.1874
	
	0.25

	Cr2
	4e
	0.4477
	0.3517
	0.1874
	
	0.75


	Mn3
	4e
	0.2537
	0.8322
	0.0464
	
	1.0

	C1
	4e
	0.2829
	0.4473
	0.8811
	
	1.0

	C2
	2a
	0
	0
	0
	
	1.0

	MSLS – Model C

	Space group
	P21/c 

(nr. 14)
	
	
	
	
	

	Lattice parameters
	a(M) = 6.83 Å

b(M) = 4.54 Å

c(M) = 5.00 Å
	α = 90.0°
β(M) = 92.2°

γ = 90.0°
	
	
	
	

	Atomic coordinates
	Wyckoff site
	x
	y
	z
	B
	Occupation

	Mn1
	4e
	0.106( 2)
	0.3274( 7)
	0.1348(11)
	0.1
	0.25

	Cr1
	4e
	0.106( 2)
	0.3274( 7)
	0.1348(11)
	0.1
	0.75

	Mn2
	4e
	0.4451(15)
	0.3722( 5)
	0.1619(13)
	0.1
	0.25

	Cr2
	4e
	0.4451(15)
	0.3722( 5)
	0.1619(13)
	0.1
	0.75

	Mn3
	4e
	0.2598( 9)
	0.8484( 6)
	0.0183(14)
	0.69( 4)
	1.0

	C1
	4e
	0.288( 3)
	0.4527(20)
	0.882( 2)
	1.9( 2)
	1.0

	C2
	2a
	0
	0
	0
	0.1
	1.0


