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Supplementary Fig. 1. Schematic illustration of considered spin configurations for disordered 
solid solution MAX phases in a 120 atom supercell. 
 

 
Supplementary Fig. 2. Short rang order parameter of the M sublattice as function of coordination 
shell distance for different supercell sizes considered when generating SQS supercells.  
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Supplementary Table 1. Experimentally reported quaternary 211 M-site solid solution MAX 
phases. 
Year Phase Reported x values References 
1980 (TixV1-x)2AlC ≤ 0.8 1, 2, 3, 4 
1980 (VxCr1-x)2AlC 0 < x < 1 1, 2, 5, 6, 7 
1980 (TixCr1-x)2AlC 0.02, 0.25, ≥ 0.75 1, 8 
1980 (TixNb1-x)2AlC 0 < x < 1 1, 4, 9, 10, 11 
1982 (VxTa1-x)2AlC  0.65 12 
2019 (HfxTa1-x)2AlC x < 0.25 13 
1983 (TixTa1-x)2AlC 0.4 12, 14 
2017 (TixZr1-x)2AlC ≤ 0.2, ≥ 0.55 15, 16 
1980 (VxNb1-x)2AlC 0 < x < 1 4, 12, 17, 18 
2013 (CrxMn1-x)2AlC ≥ 0.8 19, 20, 21 
2014 (ZrxNb1-x)2AlC 0 < x < 1 17, 22, 23 
2018 (ScxNb1-x)2AlC 0.33 24 
2018 (TixMo1-x)2AlC ≥ 0.8 25 
2017 (VxMn1-x)2AlC 0.96 26 
2017 (CrxFe1-x)2AlC ≥ 0.98 21 
2018 (CrxMn1-x)2GaC 0.5, ≥ 0.7 20, 27, 28, 29 
2015 (MoxMn1-x)2GaC 0.5 30 
2009 (TixZr1-x)2InC 0.5 31, 32 
2002 (TixHf1-x)2InC 0.47, 0.5 31, 33 
2011 (TixV1-x)2GeC 0.5 34 
2016 (TixCr1-x)2GeC ≥ 0.75 35 
2009 (VxCr1-x)2GeC 0 < x < 1 35, 36, 37 
2013 (CrxMn1-x)2GeC ≥ 0.75 35, 38, 39, 40 
2016 (CrxMo1-x)2GeC ≥ 0.5 35 
2018 (CrxMn1-x)2AuC 0.5 29 
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Supplementary Table 2. Experimentally reported quaternary i-MAX phases with M-site in-plane 
chemical order. 
Year Phase References 
2017 (Mo2/3Sc1/3)2AlC 41 

2017 (Mo2/3Y1/3)2AlC 42 

2017 (Cr2/3Sc1/3)2AlC 43 

2017 (Cr2/3Y1/3)2AlC 43 

2018 (W2/3Sc1/3)2AlC 44 

2018 (W2/3Y1/3)2AlC 44 

2018 (Cr2/3Zr1/3)2AlC 45 

2017 (V2/3Zr1/3)2AlC 42 

2019 (V2/3Sc1/3)2AlC 46 
2019 (Mo2/3RE1/3)2AlC (RE = Ce, Pr, Nd, Sm, Pd, Tb, Dy, Ho, Er, Tm, Lu) 47 
2018 (Mo2/3Sc1/3)2GaC 48 

2018 (Mo2/3Y1/3)2GaC 48 

2019 (Cr2/3Sc1/3)2GaC 49 

2019 (Mn2/3Sc1/3)2GaC 49 
2019 (Mo2/3RE1/3)2GaC (RE = Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu) 50 

  

Supplementary Table 3. Atomic radius and electronegativity (Pauling scale) considered for M 
and A. 51, 52 

 

 

 

 

 

 

 

 
 
 
 

 
  

M 
Atomic 

radius rM (Å) 
Electronegativity 
(Pauling scale) 

A 
Atomic 

radius rA (Å) 
Electronegativity 
(Pauling scale) 

Sc 1.62 1.36 Al 1.43 1.61 
Y 1.80 1.22 Ga 1.40 1.81 
Ti 1.47 1.54 In 1.58 1.78 
Zr 1.60 1.33 Si 1.38 1.90 
Hf 1.59 1.30 Ge 1.44 2.01 
V 1.35 1.63 Sn 1.63 1.96 

Nb 1.46 1.60 Ni 1.25 1.91 
Ta 1.46 1.50 Pd 1.37 2.20 
Cr 1.29 1.66 Pt 1.38 2.28 
Mo 1.39 2.16 Cu 1.28 1.90 
W 1.39 2.36 Ag 1.44 1.93 
Mn 1.27 1.55 Au 1.44 2.54 
Fe 1.26 1.83 Zn 1.36 1.65 
Co 1.25 1.88    
Ni 1.25 1.91    
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Supplementary Table 4. 92 i-MAX phases predicted stable. Synthesized phases in bold. 
A M´ M´´ 

ΔHi-MAX 
(meV/atom) 

Equilibrium simplex Status 

Al Mo Y -100.7 YMoC2, Mo3Al, YAl2, YAl3C3 synthesized i-MAX 
Al Cr Sc -90.3 Cr2AlC, Sc3AlC, Sc2Al2C3, ScAl3 synthesized i-MAX 
Al Cr Zr -58.5 ZrC, Cr2AlC, Cr2Al, ZrAl3 synthesized i-MAX 
Al V Zr -50.3 V2AlC, Zr4AlC3, Zr2Al3, V2C synthesized i-MAX 
Al Mo Sc -38.6 Mo2ScAlC2(o-MAX), (Sc2/3Mo1/3)2AlC, Mo3Al, Mo3Al8 synthesized i-MAX 
Al Cr Y -32.2 Cr2AlC, YAl2, Y2Cr2C3, Cr7C3 synthesized i-MAX 
Al W Sc -26.6 ScW2AlC2 (A), W, ScAl3 synthesized i-MAX 
Al V Sc -26.2 ScAl2, Sc3AlC, V2AlC, V12Al3C8 synthesized i-MAX 
Al W Y -22.3 WC, W, YAl2, YWC2 synthesized i-MAX 
Al Mn Sc -95.4 Mn3AlC, Sc2Al2C3, MnAl, Sc3AlC  
Al V Hf -29.1 V2AlC, Hf3AlC2, HfAl2, V3Al  
Al Ti Zr -28.0 Ti2AlC, Zr3AlC2, Zr4Al3, Zr2Al3  
Al Cr Hf -24.7 HfC, Cr2AlC, Cr2Al, Cr5Al21  
Al Nb Y -24.7 YAl2, Nb12Al3C8, Y3AlC, Nb2C  
Al Sc W -24.6 (W2/3Sc1/3)2AlC, Sc3AlC, Sc2Al2C3, ScAl3  
Al Mn Y -24.0 Mn3AlC, YMn4Al8, YAl2, Y10Mn13C18  
Al Mn Zr -22.8 MnAl, ZrC, Mn3AlC, C  
Al Cr Nb -20.4 Cr2AlC, Cr2Al, NbAl3, Nb12Al3C8  
Al Cr Ta -14.5 Cr2AlC, Cr2Al, Ta2Al, Ta12Al3C8  
Al W Zr -10.5 WC, C, ZrC, ZrAl3  
Al Mo Zr -9.3 ZrC, Mo3Al, C, Mo3Al8  
Al Ti Y -2.6 Ti3AlC2, YAl2, Y3AlC, Y2Al  
Al V Y -0.7 YAl2, Y3Al, V12Al3C8, V2C  
Au Ti Zr -10.8 TiC0.75, ZrAu2, ZrC0.875, Ti3Au  
Cu Mn Sc -43.0 Cu, ScCu2, Sc3C4, Mn23C  
Cu Cr Sc -3.5 Cu, ScCu2, Cr7C3, Sc2CrC3  
Cu Mo Sc -1.1 Mo2C, ScCu2, Cu, Sc3C4  
Ga Mn Sc -98.8 Mn2GaC, (Sc2/3Mn1/3)2GaC synthesized i-MAX 
Ga Cr Sc -80.5 Cr3C2, ScGa2, (Sc2/3Cr1/3)2GaC synthesized i-MAX 
Ga Mo Sc -49.2 Mo2ScGaC2, ScGa3, Mo3Ga, (Sc2/3Mo1/3)2GaC synthesized i-MAX 
Ga Mo Y -47.2 Mo2C, YGa2, (Y2/3Mo1/3)2GaC, C synthesized i-MAX 
Ga Sc Mo -72.2 (Mo2/3Sc1/3)2GaC, Sc2MoGaC2, Sc3GaC, ScGa2  
Ga Cr Zr -62.4 ZrC, ZrGa3, Cr2GaC, Cr7C3  
Ga Sc W -53.8 Sc2WGaC2, ScGa2, W, Sc11Ga10  
Ga V Sc -43.9 ScGa2, V6C5, V2GaC, Sc11Ga10  
Ga Mo Zr -35.6 ZrC, Mo2Ga2C, Mo3Ga, MoGa4  
Ga V Zr -31.3 V2GaC, ZrGa, Zr3GaC2  
Ga Mn Zr -30.7 ZrC, Mn2GaC, Mn3Ga, MnGa4  
Ga Y Mo -24.7 (Mo2/3Y1/3)2GaC, Y3GaC, YGa2, Y4C5  
Ga Y W -23.5 YWC2, YGa2, W, Y3GaC  
Ga Cr Hf -18.6 HfC, CrGa4, Cr23C6  
Ga V Hf -17.1 V2GaC, Hf2GaC  
Ga Sc V -13.2 (V2/3Sc1/3)2GaC, Sc3GaC, ScGa2, Sc3C4  
Ga Zr Mo -10.4 ZrC, Mo3Ga, ZrGa3, Zr4GaC3  
Ga Cr Nb -6.5 Cr2GaC, Nb2GaC  
Ga Mn Y -4.9 YGa2, C, Mn23C6, Y10Mn13C18  
Ga Sc Cr -4.7 (Cr2/3Sc1/3)2GaC, ScGa2, Sc3GaC, Sc2CrC3  
Ga Ti Sc -3.3 Ti3GaC2, ScGa2, Sc3GaC, Sc11Ga10  
Ga Zr W -3.1 ZrC, W, ZrGa3  
Ga Nb Y -1.8 YGa2, Nb2C, Nb6C5, Y5Ga3  
Ga Cr Ta -0.5 Cr2GaC, Ta2C, CrGa4, Cr23C6  
Ga Fe Sc -0.1 C, Sc3FeC4, ScGa6Fe6, Fe3Ga  
Ge Sc Mo -45.3 Sc2MoGeC2, ScGe, Sc2Mo3Ge4, C  
Ge Sc W -25.6 ScGe, Sc2WGeC2, WC  
Ge Sc V -11.8 ScGe, C, Sc3GeC, V6C5  
Ge Cr Sc -9.5 ScCrGe2, Cr3C2, ScGe, C  
Ge Sc Cr -5.2 ScGe, ScCrC2, Cr3C2, C  
In Sc W -9.7 Sc2WInC2, W, ScIn3, Sc3InC  
Ni Mn Sc -12.1 ScNi2, C, Sc3NiC4, Mn23C6  
Pd Sc Y -29.6 ScPd, Y4C5, Sc4C3, Y2C  
Pd Ti Y -0.4 TiC0.75, YPd3, Y  
Pt Ti Zr -22.2 TiC0.875, TiPt, Zr9Pt11, Ti3Pt  
Pt V Zr -0.8 V2C, V6C5, ZrPt3, Zr9Pt11  
Si Sc W -44.1 Sc2WSiC2, SiC, Sc2W3Si4, Sc5Si3  
Si Cr Sc -29.9 C, ScCrC2. Sc2Cr4Si5, Cr3Si  
Si Mn Sc -13.4 MnSi, Sc3C4, Mn3Si, C  
Si Sc Mo -4.0 Sc3C4, Sc2Mo3Si4, C, Sc5Si3  
Si Sc V -1.2 Sc5Si3C0.5, SiC, V6C5, C  
Si V Sc -1.2 SiC, V6C5, Sc2V3Si4, Sc5Si3C0.5  
Zn Mn Sc -99.8 Sc3C4,Sc3Zn17, Mn23C6, ScZn3  
Zn Mo Sc -58.6 Mo2C, /Sc2/3Mo1/3)2ZnC, C, Sc3Zn17  
Zn Cr Sc -57.4 ScZn3, Cr7C3, Sc2CrC3  
Zn Fe Sc -52.9 Fe, C, Sc3FeC4, Sc3Zn17  
Zn V Hf -52.7 V2ZnC, HfC, Hf3Zn3C, V2C  
Zn V Zr -45.5 V2C, ZrC, ZrZn3  
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Zn Sc W -42.4 (W2/3Sc1/3)2ZnC, ScZn2, Sc4C3, W  
Zn Sc Mo -41.1 (Mo2/3Y1/3)2ZnC, YZn, Y2C, Y4C5  
Zn Mo Y -38.7 Mo2C, YZn3, (Y2/3Mo1/3)2ZnC, YMoC2  
Zn Ti Zr -31.5 TiC0.75, Zr3Zn3C, Ti2C, Ti3Zn3C  
Zn Cr Zr -31.5 ZrC, ZrZn16, Cr23C6, Cr7C3  
Zn V Sc -30.1 ScZn2, ScZn, V2C, V6C5  
Zn Mn Zr -27.5 Zn, ZrC, Mn23C6, MnZn3  
Zn Co Sc -26.7 Co, C, Sc3C4, Sc3Zn17  
Zn Ti Hf -18.4 HfC0.875, Ti3Zn3C, Ti2C, Ti2Zn  
Zn V Nb -13.4 V2C, NbZn3, Nb6C5, V6C5  
Zn Y Mo -11.8 (Mo2/3Y1/3)2ZnC, YZn, Y2C, Y4C5  
Zn Fe Y -10.2 Fe, C, YZn3, Y3C4  
Zn Mo Zr -8.3 ZrC, Mo, Mo2C, MoZn6  
Zn W Sc -6.3 WC, W, (Sc2/3W1/3)2ZnC, ScZn3  
Zn Y W -5.5 YZn, YWC2, W, YZn3  
Zn Nb Zr -3.1 Nb2C, ZrC, ZrZn3  
Zn Cr Nb -0.4 Zn, Nb6C5, Cr7C3, Cr23C6  
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Supplementary Table 5. 291 stable MAX phases with solid solution of M´and M´´. Synthesized 
phases in bold. 

A M´ M´´ 
ΔHdisorder 

(meV/atom) 
ΔGdisorder 

(meV/atom) 
Equilibrium simplex Status 

Ag Ti Hf 46.4 -8.4 TiAg, HfC, TiC0.75, Ag  
Ag Ti Zr 48.5 -6.3 TiC0.75, ZrAg, Ag  
Ag Zr Ti 54.1 -0.7 ZrAg, TiC0.75, ZrC0.875, Ag  
Al Ta Ti -18.3 -73.2 Ta2C, TaTi2AlC2 (o-MAX), TiAl2, TaAl3 synthesized 
Al Ti Ta -16.5 -71.4 Ti2AlC, TaTi2AlC2 (o-MAX), Ta2C, TiAl2 synthesized 
Al Ti Nb -9.1 -64.0 NbTi2AlC2 (D), Ti2AlC, Nb2Al, NbAl3 synthesized 
Al Nb Ti -8.5 -63.4 TiNb2AlC2 (o-MAX), Nb2Al, NbTi2AlC2 (D), NbAl3 synthesized 
Al Ti W -6.4 -61.3 WTi2AlC2 (C), C, Ti3AlC2, TiAl3  
Al V Ti 1.8 -53.1 V2AlC, Ti2AlC synthesized 
Al Ti V 2.8 -52.1 Ti2AlC, V2AlC synthesized 
Al Ta Hf 4.8 -50.0 HfTa2AlC2 (C), HfAl2, Ta2C synthesized 
Al V Cr 4.9 -50.0 V2AlC, Cr2AlC synthesized 
Al Cr V 8.1 -46.8 Cr2AlC, V2AlC synthesized 
Al Nb Zr 11.2 -43.7 Nb4AlC3, Zr5Al4, Nb2Al synthesized 
Al Hf Ta 11.4 -43.5 Hf3AlC2, HfAl2, Ta2C  
Al Nb Ta 12.5 -42.4 Nb2AlC, Ta2C, TaNb2AlC2 (o-MAX), NbAl3  
Al V W 14.8 -40.0 W, WAl5, WC, V12Al3C8  
Al Cr Mn 15.0 -39.8 Cr2AlC, Mn3AlC, MnAl, C synthesized 
Al Zr Nb 16.7 -38.2 ZrNb2AlC2 (o-MAX), Zr4AlC3, ZrAl2, Nb2Al synthesized 
Al Mn Cr 16.8 -38.0 Cr2AlC, Mn3AlC, MnAl, C  
Al Ta V 19.6 -35.3 Ta2AlC, V2AlC  
Al Nb Sc 22.1 -32.8 Sc3AlC, NbAl3, Nb12Al3C8, Nb2AlC synthesized 
Al V Ta 22.8 -32.0 V2AlC, Ta2AlC synthesized 
Al Ta Nb 25.1 -29.8 Ta2C, NbAl3, TaNb2AlC2 (o-MAX), Ta12Al3C8  
Al Ti Hf 25.8 -29.1 Ti2AlC, H3AlC2, TiAl  
Al Nb Hf 26.1 -28.7 Hf2Nb2AlC3, Nb2Al, NbAl3  
Al Ti Mo 27.9 -26.9 Ti4AlC3, Mo3Al, Mo3Al8  
Al Cr Ti 28.4 -26.5 TiCr2AlC2 (o-MAX), Cr2Al, TiAl3, TiC synthesized 
Al Ta Zr 29.6 -25.2 ZrAl2, ZrC, Ta2C, Ta12Al3C8  
Al Hf Ti 30.1 -24.7 Hf3AlC2, TiAl, Ti2AlC  
Al Zr Ta 30.2 -24.7 Ta2C, Zr4AlC3, ZrAl2, Zr2Al3  
Al Nb V 31.2 -23.6 Nb2AlC, V2AlC synthesized 
Al Ta Sc 33.4 -21.4 ScTa2AlC2(C), ScAl2, Ta2C  
Al Hf Nb 33.5 -21.3 Hf4AlC3, Nb2Al, NbAl3  
Al V Nb 33.7 -21.2 V2AlC, Nb2AlC synthesized 
Al Cr Mo 35.6 -19.3 Cr3C2, Mo3Al, Mo3Al8, C  
Al Zr Hf 36.0 -18.8 HfZr2AlC2 (o-MAX), Zr2Al3, ZrAl  
Al Mn Fe 38.7 -16.1 Mn3AlC, C, Fe3AlC, Fe5Al8  
Al Ti Cr 39.8 -15.0 TiC, Cr2Al, TiAl3, Ti4AlC3 synthesized 
Al Hf Zr 40.8 -14.0 Hf4AlC3, Zr2Al3, ZrAl  
Al Mo V 41.4 -13.5 C, Mo3Al, V6C5, MoAl12  
Al Mo Cr 41.5 -13.3 C, Mo3Al, Cr2Al, Mo3Al8  
Al Zr Ti 44.1 -10.8 Zr3AlC2, Ti2AlC, Zr4Al3, Zr2Al3 synthesized 
Al V Mo 45.5 -9.4 Mo3Al, V6C5, Mo3Al8, V12Al3C8  
Al Mn Mo 47.7 -7.2 C, Mn3AlC, Mo3Al, Mo3Al8  
Al Mn V 47.9 -7.0 MnAl, C, V12Al3C8, V6C5  
Al Cr Fe 49.4 -5.5 Cr2AlC, Fe3AlC, C, Fe5Al8  
Al W Ti 50.2 -4.6 C, Ti2W2AlC3 (o-MAX), WAl5  
Al Mo Mn 50.9 -4.0 C, Mo3Al, Mn3AlC, Mo3Al8  
Al Cr W 52.8 -2.0 Cr2AlC, WC, W, WAl5  
Al Mo Nb 54.6 -0.3 C, Mo3Al, Nb6C5, Mo3Al8  
Au Nb Ta 1.1 -53.8 NbAu2, Ta2C, Nb6C5, Nb2C  
Au Ta Nb 3.7 -51.1 Ta2C, Au, NbAu2, Nb6C5  
Au V Ta 17.8 -37.1 V2AuC, Ta2C, Au  
Au Ta V 18.8 -36.0 Ta2C, Au, V2AuC  
Au Nb V 23.8 -31.1 Nb2AuC, V2AuC  
Au Ti Nb 24.6 -30.2 TiA2, Ti3AuC2, Nb2C  
Au V Nb 24.7 -30.1 V2AuC, Nb2AuC  
Au Ti Ta 27.9 -27.0 TiAu2, Ti2AuC2, Ta2C  
Au Nb Ti 28.6 -26.3 TiAu2, Nb2C, Nb6C5, Ti3AuC2  
Au Ti V 31.2 -23.6 TiAu2, Ti3AuC2, V2C  
Au Zr Hf 32.4 -22.4 HfC, ZrC0.875, ZrAu2, Zr2Au  
Au Ta Ti 33.1 -21.7 TiAu2, Ta2C, Ta4C3, Ti3Au2C2  
Au V Ti 34.6 -20.2 TiAu2, V2C, Ti3Au2C2, V6C5  
Au Ti Hf 38.1 -16.7 HfC, Ti3AuC2, HfAu2, Ti3Au  
Au Zr Ti 38.9 -15.9 ZrC0.875, ZrAu2, TiC0.75, Ti3Au  
Au Hf Zr 41.6 -13.2 HfC, HfAu, ZrAu2, Zr2Au  
Au Hf Ti 46.3 -8.6 HfC, HfAu2, Ti3Au, Ti3AuC2  
Au V Cr 49.7 -5.2 Au, Cr, V2C, V6C5  
Au V Mo 51.3 -3.5 Au, Mo, V2C, V6C5  
Au Hf Nb 51.9 -2.9 HfC, HfAu2, HfAu, Nb2C  
Au Ti Mo 52.0 -2.9 Ti3Au2C2, Mo, Mo2C, TiAu4  
Au Ta Mo 52.5 -2.3 Au, Mo, Ta4C3  
Au Zr Nb 52.7 -2.2 ZrC0.875, ZrAu2, Nb2C, Zr2Au  
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Au Nb Mo 53.1 -1.7 Au, Mo, Nb6C5, NbAu2  
Ga Ta Ti -36.9 -91.8 Ta2GaC, Ti2GaC  
Ga Ti Ta -35.3 -90.2 Ti2GaC, Ta2GaC  
Ga Ti W -24.7 -79.5 W, Ti3GaC2, WC, TiGa3  
Ga Ti Nb -19.1 -73.9 Ti2GaC, Nb2GaC  
Ga Nb Ti -18.9 -73.7 Nb2GaC, Ti2GaC  
Ga Sc Ta -14.3 -69.2 TaC, ScGa2, Sc3GaC  
Ga Ta Hf -13.6 -68.4 Ta2GaC, HfG2, Hf3GaC2, Ta2C  
Ga Nb Sc -13.0 -67.9 (Sc2/3Nb1/3)2GaC, Nb2GaC  
Ga Hf Ta -10.9 -65.8 HfGa2, Hf3GaC2, Ta2C  
Ga Ti Mo -8.0 -62.9 Ti3GaC2, Ti2MoGaC2 (o-MAX), Mo3Ga, MoGa4  
Ga Sc Nb -7.7 -62.6 (Nb2/3Sc1/3)2GaC, Sc3GaC, ScGa2, Sc3C4  
Ga Nb Zr -2.9 -57.8 Nb2GaC, ZrGa, Zr3GaC2  
Ga Ti V -2.6 -57.5 Ti2GaC, V2GaC  
Ga V Ti -2.0 -56.8 V2GaC, Ti2GaC  
Ga Ta Nb -2.0 -56.8 Ta2GaC, Nb2GaC  
Ga Nb Ta -1.9 -56.8 Nb2GaC, Ta2GaC  
Ga Nb Hf -1.8 -56.7 Nb2GaC, Hf3GaC2, Nb5Ga4, Nb5Ga13  
Ga Zr Nb 1.6 -53.3 Nb2GaC, ZrGa, Zr3GaC2  
Ga Ta Sc 6.2 -48.7 ScGa2, (Sc2/3Ta1/3)2GaC, Ta2C, Ta4C3  
Ga Hf Nb 6.4 -48.4 Hf3GaC2, Nb2GaC, Nb5Ga4, Nb5Ga13  
Ga V Cr 6.5 -48.3 V2GaC, Cr2GaC  
Ga Cr V 8.2 -46.7 Cr2GaC, V2GaC  
Ga V Mo 8.9 -46.0 V6C5, V2GaC, MoG4, Mo3Ga  
Ga Ta Zr 10.7 -44.2 Ta4C3, Zr3Ga5, Ta2C, Zr3GaC2  
Ga Zr Ta 10.7 -44.2 Zr3GaC2, Ta2C, Zr3Ga5, Ta4C3  
Ga Mn Cr 11.9 -43.0 Mn2GaC, Cr2GaC synthesized 
Ga Cr Ti 14.2 -40.7 Cr2GaC, Ti3GaC2, CrGa4, Cr23C6  
Ga Mo V 14.2 -40.7 Mo2Ga2C, Mo3Ga, V6C5, Mo2C  
Ga Cr Mn 14.8 -40.0 Cr2GaC, Mn2GaC synthesized 
Ga Ta V 16.7 -38.2 Ta2GaC, V2GaC  
Ga Hf Ti 18.8 -36.0 Hf2GaC, Ti2GaC  
Ga V Ta 18.9 -36.0 V2GaC, Ta2GaC  
Ga Ti Hf 19.0 -35.8 Ti2GaC, Hf2GaC  
Ga Ti Cr 19.1 -35.7 Ti3GaC2, CrGa4, Cr, Cr23C6  
Ga Mo Nb 22.8 -32.0 Mo2Ga2C, Nb4GaC3, Mo2C, Mo3Ga  
Ga Cr Mo 24.8 -30.1 Cr2GaC, Mo2Ga2C, Mo2C  
Ga Nb Mo 25.2 -29.7 Nb4GaC3, Mo3Ga, MoGa4  
Ga Mo Cr 26.5 -28.4 Mo2Ga2C, Cr2GaC, Mo2C  
Ga Mn V 26.6 -28.2 Mn2GaC, V2GaC  
Ga V W 26.8 -28.0 V2GaC, WC, W  
Ga V Mn 27.0 -27.9 V2GaC, Mn2GaC  
Ga Nb V 28.5 -26.3 Nb2GaC, V2GaC  
Ga V Nb 30.6 -24.3 V2GaC, Nb2GaC  
Ga Mo Ti 31.6 -23.2 Mo2TiGaC2 (o-MAX), (Ti2/3Mo1/3)2GaC, Mo3Ga, MoGa4  
Ga Zr Hf 32.6 -22.2 ZrGa, HfC, Zr3GaC2  
Ga Mn Mo 32.9 -21.9 Mn2GaC, Mo2Ga2C, Mo2C synthesized 
Ga Mn Fe 34.2 -20.6 Mn2GaC, C, Fe3Ga, FeGa3  
Ga Mo Mn 34.3 -20.6 Mn2GaC, Mo2Ga2C, Mo2C synthesized 
Ga Ti Zr 36.8 -18.0 ZrGa, Ti3GaC2, Zr3GaC2  
Ga Hf Zr 40.7 -14.1 ZrGa, Hf4GaC3  
Ga Zr Ti 42.1 -12.8 ZrGa, Zr3GaC2, Ti3GaC2  
Ga Ta Mo 45.6 -9.2 Ta4C3, Mo3Ga, MoGa4  
Ga Mo Ta 46.7 -8.1 TaC, Mo2Ga2C, Mo3Ga, MoGa4  
Ga Nb W 49.4 -5.5 Nb2GaC, WC, W, Nb5Ga13  
Ga Ta W 49.7 -5.1 Ta2GaC, WC, W, Ga  
Ga Hf V 53.8 -1.0 Hf2GaC, V2GaC  
Ge Sc Nb -21.3 -76.2 ScGe, C, Nb6C5, Sc3GeC  
Ge Ti Ta -18.9 -73.8 Ti2GeC, Ta2GeC  
Ge Ta Ti -12.5 -67.3 Ta2GeC, Ti2GeC  
Ge Sc Ta -9.4 -64.2 ScGe, TaC, Sc3GeC, C  
Ge Hf Ta -1.6 -56.5 Hf2GeC, Ta2GeC  
Ge Ti Nb 0.0 -54.8 Ti2GeC, NbGe2, Nb5Ge3C  
Ge Ta Hf 2.4 -52.4 Ta2GeC, Hf2GeC  
Ge Nb Sc 2.5 -52.4 (Sc2/3Nb1/3)2GeC, Nb4GeC3  
Ge Nb Ti 2.5 -52.4 Nb2GeC, Ti3GeC2, NbGe2, Nb5Ge3C  
Ge V Ti 5.8 -49.1 V2GeC, Ti2GeC synthesized 
Ge Ti V 6.2 -48.6 Ti2GeC, V2GeC synthesized 
Ge Zr Nb 8.9 -45.9 ZrGe, ZrC, ZrGe2, Nb6C5  
Ge Ti Mo 10.2 -44.6 Ti3GeC2, MoGe2, Mo2C, Mo3Ge  
Ge Nb Zr 10.3 -44.5 ZrGe, ZrGe2, Nb6C5, Nb2GeC  
Ge Nb Ta 11.4 -43.5 TaC, Nb2GeC, NbGe2, Nb5Ge3C  
Ge Cr V 11.6 -43.3 Cr2GeC, Ge, Cr3Ge, V6C5 synthesized 
Ge V Cr 11.9 -43.0 Ge, Cr3Ge, V2GeC, V6C5 synthesized 
Ge Ta Sc 14.3 -40.5 ScGe, Ge, Ta4C3  
Ge Ti W 15.9 -38.9 Ti2GeC, WC, W, Ge  
Ge Ta V 16.3 -38.6 Ta2GeC, V2GeC  
Ge V Ta 17.5 -37.4 V2GeC, Ta2GeC  
Ge Mo Ti 18.0 -36.9 Mo2C, MoGe2, Ti3GeC2, C  
Ge Ta Nb 18.4 -36.5 NbGe2, Ta4C3, Ta2GeC, Nb5Ge3C5  
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Ge Hf Ti 19.6 -35.3 Hf2GeC, Ti2GeC  
Ge Ti Hf 19.8 -35.1 Ti2GeC, Hf2GeC  
Ge Cr Ti 24.3 -30.5 Cr2GeC, Ti3GeC2, Ge, Cr3Ge  
Ge Sc Zr 24.3 -30.5 ScGe, ZrC, Sc3GeC, C  
Ge Zr Sc 24.6 -30.3 ZrC, ScGe, ZrGe  
Ge Nb V 28.4 -26.4 Nb2GeC, V2GeC  
Ge V Nb 29.3 -25.5 V2GeC, Nb2GeC  
Ge Nb Hf 29.5 -25.3 HfC, NbGe2, Nb5Ge3C, Nb2GeC  
Ge Zr Ta 30.1 -24.8 ZrGe, TaC, ZrC  
Ge Cr Mn 30.7 -24.1 MnGe, Cr3C2, Ge, C synthesized 
Ge Zr Mo 31.5 -23.3 ZrC, ZrGe2, Mo3Ge, MoGe2  
Ge Nb Mo 31.9 -23.0 MoGe2, Nb6C5, Nb2GeC, Mo3Ge  
Ge Sc Ti 32.0 -22.8 ScGe, TiC, Sc3GeC, C  
Ge Ti Cr 34.5 -20.4 Ti3GeC2, Ge, Cr3Ge, Cr2GeC synthesized 
Ge Hf Nb 35.3 -19.6 HfC, NbGe2, Hf2Nb3Ge4  
Ge Zr Ti 39.9 -15.0 ZrGe, ZrC, Ti3GeC2  
Ge Hf Zr 40.6 -14.2 HfC, ZrGe, Hf2GeC  
Ge Zr Hf 42.4 -12.5 ZrGe2, HfC, ZrC  
Ge V Mo 42.6 -12.3 MoGe2, V2GeC, V6C5, Mo3Ge  
Ge Mn Cr 43.1 -11.7 MnGe, C, Cr3C2, Mn3GeC  
Ge V Mn 43.7 -11.2 MnGe, V2GeC, V6C5, Ge  
Ge Mo Nb 44.1 -10.8 MoC, MoGe2, Mo3Gw, Nb6C5  
Ge Mo Zr 45.1 -9.8 ZrC, MoGe2, Mo2C, Mo3Ge  
Ge Ti Zr 48.7 -6.2 ZrGe, Ti3GeC2, ZrC  
Ge Sc Hf 50.8 -4.1 ScGe, HfC, Sc3GeC, C  
Ge Ta Zr 51.2 -3.7 Ta4C3, ZrGe, ZrGe2  
Ge Hf Sc 52.3 -2.6 ScGe, HfC, Hf2GeC,   
Ge Ti Sc 52.7 -2.1 ScGe, Ti4GeC3  
Ge Nb Cr 53.2 -1.6 Nb2GeC, NbGe2, Cr3C2  
Ge Mo V 54.4 -0.5 MoGe2, Mo2C, V6C5, C  
In Nb Sc -15.5 -70.4 Nb2InC, ScIn2, Sc3InC, Nb6C5  
In Nb Ti -12.9 -67.7 Nb2InC, Ti2InC  
In Ti Nb -11.9 -66.8 Ti2InC, Nb2InC  
In Nb Hf -4.9 -59.8 Nb2InC, Hf2InC  
In Ti Ta -3.5 -58.3 Ti2InC, Ta2C, In  
In Hf Nb -2.6 -57.5 Hf2InC, Nb2INC  
In Nb Zr -2.5 -57.3 Nb2InC, Zr2InC  
In Zr Nb -0.2 -55.0 Zr2InC, Nb2InC  
In Sc Mo 0.2 -54.6 (Mo2/3Sc1/3)2InC, Sc2MoInC2, Sc3InC, ScIn3  
In Zr Hf 0.5 -54.4 Zr2InC, Hf2InC  
In Hf Zr 0.5 -54.3 Hf2InC, Zr2InC  
In Ti V 2.1 -52.8 Ti2InC, V2C, In  
In Sc Nb 3.0 -51.9 Sc3InC, ScIn3, Nb6C5, C  
In V Ti 7.0 -47.8 V2C, In, Ti2InC  
In Ti Mo 15.0 -39.9 In, Ti3InC2, Mo, Mo2C  
In Hf Ta 15.6 -39.2 Hf2InC, Ta2C, In  
In Sc Ta 15.7 -39.1 TaC, Sc3InC, ScIn3, Ta4C3  
In Zr Ta 16.2 -38.7 Zr2InC, Ta2C, In  
In Hf Ti 17.1 -37.8 Hf2InC, Ti2InC synthesized 
In Ti Hf 17.3 -37.5 Ti2InC, Hf2InC synthesized 
In Ta Ti 18.1 -36.7 Ta2C, In, Ti2InC  
In Nb Ta 20.5 -34.4 Nb2InC, Ta2C, In  
In Nb V 24.0 -30.9 Nb2InC, V2C, In  
In Zr Sc 26.6 -28.2 Zr2InC, ZrC, ScIn2, Sc3InC  
In V Nb 27.5 -27.3 V2C, In, Nb2InC  
In Zr Ti 28.8 -26.1 Zr2InC, Ti2InC synthesized 
In Ti Zr 29.4 -25.4 Ti2InC, Zr2InC synthesized 
In Ta Sc 30.4 -24.4 ScIn2, Ta4C3, Ta2C, Sc3InC  
In Mo Sc 36.6 -18.3 (Sc2/3Mo1/3)2InC, Mo2C, In  
In Ta Hf 36.8 -18.0 Ta2C, In, Hf2InC  
In Ta Zr 37.4 -17.4 Ta2C, In, Zr2InC  
In Zr Mo 38.7 -16.1 ZrC, In, Mo, Zr2InC  
In Hf Sc 39.0 -15.9 Hf2InC, HfC, Sc3InC, ScIn2  
In Mo Ti 39.9 -14.9 In, Mo2C, Ti3InC2, Mo  
In V Ta 40.0 -14.9 In, V2C, Ta2C  
In Ta Nb 44.1 -10.8 Ta2C, In, Nb2InC  
In Sc Zr 49.9 -4.9 ZrC, ScIn2, Sc3InC  
In Hf V 52.2 -2.7 Hf2InC, V2C, In  
In Nb Mo 52.5 -2.3 In, Mo, Nb2InC, Nb6C5  
Pd V Cr 36.5 -18.3 VPd3, V6C5, Cr23C6, Cr  
Pd Cr V 39.9 -15.0 VPD3, Cr3C2, Cr7C3, V6C5  
Pd Ti V 42.4 -12.5 TiC0.75, TiPd2, V2C, TiC0.875  
Pd Ti Ta 43.7 -11.1 TiPd2, TiC0.75, Ta2C, TiC0.875  
Pd Ti Nb 46.8 -8.1 TiC0.75, TiPd2, TiC0.875, Nb2C  
Pd V Mo 47.8 -7.1 VPd3, Mo, Mo2C, V6C5  
Pt V Cr 14.5 -40.4 VPt2, V6C5, Cr7C3, Cr3C2  
Pt Cr V 23.6 -31.3 VPt2, Cr3C2, V6C5, Cr7C3  
Pt V W 46.1 -8.7 WPt2, W, V6C5, VPt2  
Pt V Ta 54.2 -0.6 TaPt2, V2C, V6C5, Ta2C  
Si Ti Ta -0.2 -55.1 Ti3SiC2, TaSi2, Ta5Si3, Ta4C3  
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Si V Ti 11.4 -43.5 VSi2, Ti3SiC2, V6C5, V5Si3  
Si Ta Ti 14.6 -40.3 TaSi2, Ti3SiC2, Ta4C3, TA5Si3  
Si Ti V 20.4 -34.5 Ti3SiC2, VSi2, V5Si3, V6C5  
Si Ta Sc 22.4 -32.4 TaC, TaSi2, Sc5Si3C0.5, Ta4C3  
Si Sc Ta 32.2 -22.7 TaC, Sc5Si3C0.5, SiC  
Si V Ta 41.0 -13.8 VSi2, Ta4C3, V6C5, V5Si3  
Si Ti W 52.7 -2.1 Ti4SiC3, WSi2, W  
Sn Sc Nb -20.5 -75.4 ScSn2, Sc2SnC, Sc3SnC, Nb6C5  
Sn Zr Sc -16.1 -70.9 Zr2SnC, ZrC, ScSn2, Sc3SnC  
Sn Sc Zr -13.1 -67.9 ZrC, ScSn2, Sc3SnC  
Sn Nb Ti -2.2 -57.1 Nb2SnC, Ti2SnC  
Sn Nb Sc -2.1 -56.9 (Sc2/3Nb1/3)2SnC, Nb2SnC  
Sn Ti Nb -1.9 -56.7 Ti2SnC, Nb2SnC  
Sn Zr Hf -0.2 -55.1 Zr2SnC, Hf2SnC  
Sn Hf Zr -0.2 -55.0 Hf2SnC, Zr2SnC  
Sn Sc Ta 0.0 -54.9 TaC, ScSn2, Sc3SnC  
Sn Hf Nb 5.6 -49.2 Hf2SnC, Nb2SnC  
Sn Nb Hf 6.5 -48.4 Nb2nC, Hf2SnC  
Sn Zr Nb 7.6 -47.3 Zr2SnC, Nb2SnC  
Sn Nb Zr 8.4 -46.5 Nb2SnC, Zr2SnC  
Sn Sc Mo 12.4 -42.4 Sc2MoSnC2, ScSn2, Mo, Sc3SnC  
Sn Hf Sc 12.8 -42.1 HfC, Hf2SnC, Sc6Sn5, ScSn2  
Sn Hf Ti 16.3 -38.6 Hf2SnC, Ti2SnC  
Sn Ti Hf 17.3 -37.6 Ti2SnC, Hf2SnC  
Sn Ti V 19.1 -35.7 Ti2SnC, V2C, Sn  
Sn Sc Ti 19.5 -35.4 Sc2SnC, Ti3SnC2, ScSn2, Sc3SnC  
Sn Ti Ta 19.6 -35.3 Ti2SnC, Ta2C, Sn  
Sn V Ti 19.9 -34.9 V2C, Sn, Ti2SnC  
Sn Nb V 24.2 -30.6 Nb2SnC, V2C, Sn  
Sn Sc Hf 25.2 -29.6 HfC, ScSn2, Sc3SnC  
Sn Zr Ti 28.6 -26.2 Zr2SnC, Ti2SnC  
Sn Ti Sc 28.9 -26.0 Ti3SnC2, ScSn2, Sc3SnC, Sc6Sn5  
Sn Ti Zr 30.1 -24.8 Ti2SnC, Zr2SnC  
Sn V Nb 31.0 -23.8 V2C, Sn, Nb2SnC  
Sn Ti Mo 31.8 -23.1 Sn, Ti3SnC2, Mo, Mo2C  
Sn Nb Ta 32.5 -22.3 Nb2SnC, Ta2C, Sn  
Sn Hf Ta 36.8 -18.0 Hf2SnC, Ta2C, Sn  
Sn Zr Ta 38.4 -16.5 Zr2SnC, ZrSn2, Ta2C, Ta4C3  
Sn Zr Mo 53.4 -1.5 Zr2SnC, Mo2C, Sn  
Sn V Ta 54.7 -0.1 Sn, V2C, Ta2C  
Sn Ta Ti 54.8 -0.1 Ta2C, Sn, Ti2SnC  
Zn V Ti 15.4 -39.4 V2ZnC, Ti3Zn3C, TiC, V2C  
Zn Mn Fe 15.5 -39.4 C, Fe, FeZn13, Mn23C6  
Zn Ti V 25.4 -29.4 V2C, TiC, Ti3Zn3C  
Zn Ti Nb 29.3 -25.5 TiC0.875, Nb2C, Ti3Zn3C, NbZn3  
Zn Fe Mn 29.6 -25.2 FeZn13, Mn23C6  
Zn Nb Ti 33.1 -21.7 Nb2C, TiC0.875, NbZn3, Ti3Zn3C  
Zn Mn Cr 33.9 -21.0 Zn, Cr3C2, C, Mn23C6  
Zn V Ta 35.4 -19.5 V2ZnC, Ta2C, Zn  
Zn Ti Ta 36.9 -17.9 TiC, Ti3Zn3C, Ta2C  
Zn Ti Mo 41.9 -12.9 TiC, Mo, Ti3Zn3C, MoZn6  
Zn Mn Co 43.8 -11.0 C, Co3ZnC, CoZn13, Mn23C6,   
Zn Ta Ti 44.4 -10.5 Ta2C, TiC, TiZn3  
Zn V Cr 47.5 -7.4 Zn, Cr, V2ZnC, V6C5  
Zn Nb Ta 51.6 -3.2 NbZn3, Ta2C, Nb2C, Nb6C5  
Zn Nb V 52.5 -2.3 NbZn3, V2C, Nb2C, Nb6C5  
Zn Cr Mn 53.3 -1.5 Cr3C2, Zn, MnZn3, Mn23C6  
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Supplementary Table 6. Statistics of the known and predicted quaternary i-MAX phases and solid 
solution MAX phases, categorized by the calculated thermodynamic stability, ∆Hi-MAX or ∆Gsolid 

solution, and energy difference between order and solid solution phases, ∆Hi-MAX - ∆Gsolid solution,  at 
2000 K. Metastable phases are categorized by their formation enthalpy above the convex hull. 
Units is in meV/atom. 

Quaternary 
(M´2/3M´´1/3)2AC phases 

Stability criteria Previously 
known 

Newly 
Predicted ∆Hi-MAX or ∆Gsolid solution ∆Hi-MAX - ∆Gsolid solution 

Stable i-MAX ∆Hi-MAX < 0 < 0 13 79 

Nonstable or metastable i-MAX 0 ≤ ∆Hi-MAX  ≤ +60 meV/atom < 0 0 163 

Stable solid solution MAX ∆Gsolid solution < 0 > 0 34 257 
Nonstable or metastable solid 
solution MAX  

0 ≤ ∆Gsolid solution ≤ +60 meV/atom > 0 1 255 

 

 
Supplementary Fig. 3. Calculated formation enthalpy as function of formation energy for 
(M´2/3M´´1/3)2AC phases. Experimentally reported i-MAX phases are represented by green triangles 
and MAX with disorder by orange squares. 
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Supplementary Fig. 4. Calculated formation enthalpy ∆H and Gibbs free energy of formation ∆G 
at (a) 0 K and (b) 2000 K for (M´2/3M´´1/3)2GaC. Symbols represent chemical order of lowest energy 
at given M´ and M´´ with i-MAX represented by black triangles or solid solution MAX by green 
circles. Experimentally reported phases are marked by green (i-MAX) or black (solid solution 
MAX) squares. 

 
Supplementary Fig. 5. Calculated formation enthalpy ∆H and Gibbs free energy of formation ∆G 
at (a) 0 K and (b) 2000 K for (M´2/3M´´1/3)2InC. Symbols represent chemical order of lowest energy 
at given M´ and M´´ with i-MAX represented by black triangles or solid solution MAX by green 
circles. Experimentally reported phases are marked by green (i-MAX) or black (solid solution 
MAX) squares. 
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Supplementary Fig. 6. Calculated formation enthalpy ∆H and Gibbs free energy of formation ∆G 
at (a) 0 K and (b) 2000 K for (M´2/3M´´1/3)2SiC. Symbols represent chemical order of lowest energy 
at given M´ and M´´ with i-MAX represented by black triangles or solid solution MAX by green 
circles. Experimentally reported phases are marked by green (i-MAX) or black (solid solution 
MAX) squares. 
 

 
Supplementary Fig. 7. Calculated formation enthalpy ∆H and Gibbs free energy of formation ∆G 
at (a) 0 K and (b) 2000 K for (M´2/3M´´1/3)2GeC. Symbols represent chemical order of lowest energy 
at given M´ and M´´ with i-MAX represented by black triangles or solid solution MAX by green 
circles. Experimentally reported phases are marked by green (i-MAX) or black (solid solution 
MAX) squares. 
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Supplementary Fig. 8. Calculated formation enthalpy ∆H and Gibbs free energy of formation ∆G 
at (a) 0 K and (b) 2000 K for (M´2/3M´´1/3)2SnC. Symbols represent chemical order of lowest energy 
at given M´ and M´´ with i-MAX represented by black triangles or solid solution MAX by green 
circles. Experimentally reported phases are marked by green (i-MAX) or black (solid solution 
MAX) squares. 
 

 
Supplementary Fig. 9. Calculated formation enthalpy ∆H and Gibbs free energy of formation ∆G 
at (a) 0 K and (b) 2000 K for (M´2/3M´´1/3)2ZnC. Symbols represent chemical order of lowest energy 
at given M´ and M´´ with i-MAX represented by black triangles or solid solution MAX by green 
circles. Experimentally reported phases are marked by green (i-MAX) or black (solid solution 
MAX) squares. 
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Supplementary Fig. 10. Calculated formation enthalpy ∆H and Gibbs free energy of formation 
∆G at (a) 0 K and (b) 2000 K for (M´2/3M´´1/3)2CuC. Symbols represent chemical order of lowest 
energy at given M´ and M´´ with i-MAX represented by black triangles or solid solution MAX by 
green circles. Experimentally reported phases are marked by green (i-MAX) or black (solid 
solution MAX) squares. 
 

 
Supplementary Fig. 11. Calculated formation enthalpy ∆H and Gibbs free energy of formation 
∆G at (a) 0 K and (b) 2000 K for (M´2/3M´´1/3)2NiC. Symbols represent chemical order of lowest 
energy at given M´ and M´´ with i-MAX represented by black triangles or solid solution MAX by 
green circles. Experimentally reported phases are marked by green (i-MAX) or black (solid 
solution MAX) squares. 
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Supplementary Fig. 12. Calculated formation enthalpy ∆H and Gibbs free energy of formation 
∆G at (a) 0 K and (b) 2000 K for (M´2/3M´´1/3)2PdC. Symbols represent chemical order of lowest 
energy at given M´ and M´´ with i-MAX represented by black triangles or solid solution MAX by 
green circles. Experimentally reported phases are marked by green (i-MAX) or black (solid 
solution MAX) squares. 
 

 
Supplementary Fig. 13. Calculated formation enthalpy ∆H and Gibbs free energy of formation 
∆G at (a) 0 K and (b) 2000 K for (M´2/3M´´1/3)2AgC. Symbols represent chemical order of lowest 
energy at given M´ and M´´ with i-MAX represented by black triangles or solid solution MAX by 
green circles. Experimentally reported phases are marked by green (i-MAX) or black (solid 
solution MAX) squares. 
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Supplementary Fig. 14. Calculated formation enthalpy ∆H and Gibbs free energy of formation 
∆G at (a) 0 K and (b) 2000 K for (M´2/3M´´1/3)2PtC. Symbols represent chemical order of lowest 
energy at given M´ and M´´ with i-MAX represented by black triangles or solid solution MAX by 
green circles. Experimentally reported phases are marked by green (i-MAX) or black (solid 
solution MAX) squares. 
 

 
Supplementary Fig. 15. Calculated formation enthalpy ∆H and Gibbs free energy of formation 
∆G at (a) 0 K and (b) 2000 K for (M´2/3M´´1/3)2AuC. Symbols represent chemical order of lowest 
energy at given M´ and M´´ with i-MAX represented by black triangles or solid solution MAX by 
green circles. Experimentally reported phases are marked by green (i-MAX) or black (solid 
solution MAX) squares 
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Supplementary Fig. 16. Calculated energy difference between relaxed i-MAX and MAX phase 
generated by Vegard’s law structure as function of a,b atomic size difference of M´ and M´´ and 
c,d electronegativity difference of M´ and M´´.  Experimentally known i-MAX phases are indicated 
by black triangles and solid solution MAX phases by green circles. The coloring represents the 
atomic radius (a,c) or electronegativity (b,d) of the A element. 
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Supplementary Fig. 17. Energy difference between i-MAX and solid solution MAX at 2000 K as 
function of a,b atomic size difference of M´ and M´´ and c,d electronegativity difference of M´ and 
M´´.  Experimentally known i-MAX phases are indicated by black triangles and solid solution 
MAX phases by green circles. The coloring represents the atomic radius (a,c) or electronegativity 
(b,d) of the A element. 
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Supplementary Fig. 18. Energy difference between i-MAX and solid solution MAX at 0 K as 
function of a,b atomic size difference of M´ and M´´ and c,d electronegativity difference of M´ and 
M´´.  Experimentally known i-MAX phases are indicated by black triangles and solid solution 
MAX phases by green circles. The coloring represents the atomic radius (a,c) or electronegativity 
(b,d) of the A element. 
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Supplementary Fig. 19. Calculated energy difference between relaxed i-MAX and MAX phase 
generated by Vegard’s law structure, b interlayer distance between M´ and M´´ for relaxed i-MAX, 
and c ratio of next-nearest and nearest A-A distance within the A-layer, as function of atomic size 
difference of M´ and M´´ for (M´2/3M´´1/3)2AC. Experimentally known i-MAX phases are indicated 
by black triangles and solid solution MAX phases by green circles. The coloring represents the 
electronegativity of the A element. Histograms are given for each axis. 
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Supplementary Fig. 20. Calculated energy difference between relaxed i-MAX and MAX phase 
generated by Vegard’s law structure, b interlayer distance between M´ and M´´ for relaxed i-MAX, 
and c ratio of next-nearest and nearest A-A distance within the A-layer, as function of 
electronegativity difference of M´ and M´´ for (M´2/3M´´1/3)2AC. Experimentally known i-MAX 
phases are indicated by black triangles and solid solution MAX phases by green circles. The 
coloring represents the atomic radius of the A element. Histograms are given for each axis. 
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Supplementary Fig. 21. Calculated energy difference between relaxed i-MAX and MAX phase 
generated by Vegard’s law structure, b interlayer distance between M´ and M´´ for relaxed i-MAX, 
and c ratio of next-nearest and nearest A-A distance within the A-layer, as function of 
electronegativity difference of M´ and M´´ for (M´2/3M´´1/3)2AC. Experimentally known i-MAX 
phases are indicated by black triangles and solid solution MAX phases by green circles. The 
coloring represents the electronegativity of the A element. Histograms are given for each axis. 
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Supplementary Fig. 22. Deviation in lattice parameters a, b and c between the relaxed i-MAX 
structure and the MAX phase structure generated by using Vegard’s law as function of atomic size 
difference of M´ and M´´ for (M´2/3M´´1/3)2AC. The coloring represents the atomic radius of the A 
element. Histograms are given for each axis. 
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Supplementary Table 7. PBE potentials for considered elements in this work.  
Element PBE potential Valence states 
Sc Sc_sv 3s3p4s3d 
Y Y_sv 4s4p5s4d 
Ti Ti 4s3d 
Zr Zr_sv 4s4p5s4d 
Hf Hf_pv 5p6s5d 
V V_sv 3s3p4s3d 
Nb Nb_pv 4p5s4d 
Ta Ta 6s5d 
Cr Cr_pv 3p4s3d 
Mo Mo_pv 4p5s4d 
W W 6s5d 
Mn Mn_pv 3p4s3d 
Fe Fe_pv 3p4s3d 
Co Co 4s3d 
Ni Ni 4s3d 
Al Al 3s3p 
Ga Ga_d 4s4p3d 
In In_d 5s5p4d 
Si Si 3s3p 
Ge Ge_d 4s4p3d 
Sn Sn_d 5s5p4d 
Cu Cu 4p3d 
Zn Zn 4p3d 
Pd Pd_pv 4p5s4d 
Ag Ag 5s4d 
Pt Pt_pv 5p6s5d 
Au Au 6s5d 
C C 2s2p 
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