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1. Input data for machine learning

The input data consist of two parts. One is the 85 elemental properties
for all the elements in the Periodic Table of Elements, taken from Ref. [1].
The other is the tabulated information of 1252 multicomponent alloys on
whether they are solid solutions or not. We attach a file to elaborate the

information for the 1252 alloys.

2. Prediction by the new rule

We use the new rule v > 1 to predict solid solution alloys with > 4
components for the three 9-element blocks (see main text for the blocks).
Here is a list of all the combinations predicted to be solid solutions. The alloys
are arranged by the crystal structures and their numbers of components.

FCC(5)

NillrTAulPd1Pt1 Nillr1Rh1Pd1Pt1 NilCulAulPd1Pt1 Nillr1Pd1Pt1Cul
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Aullr1Col1Pd1Pt1 Rh1Ir1ColPd1Pt1 AulCulColPd1Pt1 Ir1ColPd1Pt1Cul
Ni1lPd1ColAulPt1 Nillr1ColPd1Pt1 NilCulCol1Pd1Pt1 Nillr1ColCulPd1

BCC(5)
CriNb1IMo1W1Tal Nb1TalMolW1V1 Nb1TalHf1Zr1V1 Cri1MolTalW1V1
CriNb1TalW1V1 CriINb1Mol1W1V1 CriNb1TalMol1V1 Nb1TalMolW1Til
Nb1TalHf1Zr1Til Cr1Mol1TalW1Til CriINb1TalW1Til CriINb1MolW1Til
Cr1iNb1TalMolTil MolV1TalW1Til Nb1V1TalW1Til Nb1V1IMolW1Til
Nb1V1TalMolTil Cr1V1TalW1Til Cr1MolV1IW1Til Cr1Mol1V1TalTil
CriINb1V1IWI1Til Cri1Nb1V1TalTil Cr1Nb1V1MolTil

HCP(5)
Rullr1Os1Rh1Rel Rellr1Os1Tc1Rh1 Rullr1Os1TclRel Rullr1Os1Tcl1Rh1
Rullr1Rh1Tc1Rel RulOs1TclRh1Rel OslIr1ColRh1Rel Os1Rullr1ColRel
Os1Rullr1ColRh1 Rullr1ColRh1Rel Os1RulColRh1Rel Rellr1Osl1FelRh1
Rullr1OslFelRel Rullr1OslFelRh1 RullrlRh1FelRel RulOslFelRh1Rel
Rellr1Os1FelTecl Rh1Ir1Os1FelTcl RellrlRh1FelTcl RelOslFelRh1Tcl
Rullr1Osl1FelTcl TclRullrlFelRel Tc1lRulOslFelRel RullrlRh1FelTcl
RulOs1FelRh1Tcl TclRulRh1FelRel RullrlColFelRel RullrlColFelRh1
Os1RulColFelRh1 RelRh1Ir10s1Mnl Rullr1Os1Mnl1Rel RulRh1Ir1Os1Mn1
RullrlRh1Mn1Rel Rellr1Os1Tc1Mnl Rh1Ir1Os1Tc1Mnl RellrIRh1Te1Mnl
RelMn10Os1TclRh1 Rullr1Os1TclMnl RullrlTe1Mnl1Rel RulMn1Os1TclRel
Rullr1Rh1Tc1Mnl RulMn1Os1Tc1Rh1 RulMnl1Rh1Tc1Rel RullrlColMnl1Rel
RulRh1Ir1ColMnl RullrlFelMn1Rel RullrlRh1FelMnl RulMn1Osl1FelRh1
Rullr1lFelMn1Tcl RulMnl1Rh1FelTcl Rullr1ColFelMnl Os1RulMnl1ColFel
RulMnl1ColFelRel RulMn1ColFelRhl

FCC(6)
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NilColPt1Ir1AulPdl NilColPt1Ir1Pd1Rh1 NilColPt1AulPd1Cul NilColPt1Ir1Pd1Cul

BCC(6)
Nb1W1V1CriMolTal Nb1WI1TilCr1lMolTal Nb1TilW1V1iMolTal MolTilW1V1CriTal
Nb1TilW1V1CriTal Nb1TilW1V1CriMol Nb1TilV1Cr1MolTal

HCP(6)
RulRh1Ir1Rel1Os1Tcl RulColRh1Ir1Rel1Osl RulRh1Ir1RelFelOs1 Rh1lr1RelFelOs1Tecl
Rullr1RelFelOs1Tcl RulRh1Ir1FelOs1Tcl RullrlRelFelRh1Tcl RulRh1RelFelOs1Tcl
RulCollr1RelFelOsl RulColRh1Ir1FelOsl RulCollrl1RelFelRh1 RulMn1Os1Ir1RelRh1
Mn1OslIr1RelRh1Tcl RulMnl1lr1RelOs1Tcl RulMn1Os1Ir1Rh1Tcl RulMnllrlRelRh1Tcl
RulRh1Mn1Re1Os1Tcl RulMn1ColRh1Ir1Os1 RulMn1Collr1RelRh1 RulMn10Os1Ir1FelRh1
RulMnllr1RelFelRh1 RulMnlIr1FelOs1Tcl RulMnllrl1RelFelTcl RulMnlRelFelOs1Tecl
RulMnllr1FelRh1Tcl RulRh1Mnl1FelOs1Tcl RulMnlRelFelRh1Tcl RulMnl1CollrlFelOsl
RulMn1ColIrlRelFel RulMn1CollrlFelRh1 RulColRh1Mn1FelOsl RulColMnlRelFelRh1

FCC(T7)
NilColPt1Ir1Pd1Rh1Cul

BCC(7)
Nb1TilW1V1CriMolTal

HCP(7)
RulColRh1Ir1Re1Os1Tcl RulRh1Ir1RelFelOs1Tcl RulColRh1Ir1RelFelOsl
RulMn10Os1Ir1RelRh1Tcl RulMn1ColRh1Ir1Re1Os1 RulMnl1Rh1Ir1RelFelOsl
Mn1OslIrlRelFelRh1Tcl RulMnllrlRelFelOs1Tcl RulMn1OslIrlFelRh1Tecl
RulMnllr1RelFelRh1Tcl RulRh1Mn1RelFelOs1Tcl RulMn1ColRh1Ir1FelOsl
RulMn1CollrlRelFelRhl1

FCC(8,9)

None



64 BCC(8,9)

s None

66 HCP(8,9)

s RulColRhlIr1RelFelOs1Tcl RulMnlRh1Ir1RelFelOs1Tcl RulMn1ColRh1Ir1RelFelOsl

¢ 3. Validation of the new rule by CALPHAD

69 CALPHAD (acronym of Calculation of Phase Diagrams) calculations

20 were carried out using TCNI8 thermodynamic database provided by ThermoCalc™
7 [2]. The database covers the whole composition ranges of all constituent bi-

72 naries and limited ternaries. The TCNI8 database does not contain elements

7z Os, Tc, Rh, Ir, Au and Ag, and hence only HEA compositions that do

72 not contain these 6 elements are considered. This limits our validation to

75 77 equimolar solid solution HEAs, comprising 4, 5 or 6 components. Among

76 these 77 HEAs, 72 are successfully validated by CALPHAD calculations com-

77 prising 5 FCC and 66 BCC HEAs, with a consistency as high as 94%.

78 Among those equimolar alloys predicted by our new thermodynamic rule,

79 some are already confirmed experimentally, including NbTaMoWV [3], MoNbTa-~
so TiVW [4], CtMoNbTaVW [5]. Septenary CrMoNbTaTiVW was previously

s suggested by Gao et al. [6] using CALPHAD method. As supplementary in-

&2 formation, we give seven examples to demonstrate the successful predictions

g3 in Figure S1. These alloys are CoCuNiPdPt, CrMoNbTiV, MoNbTiVW, Cr-

sa MoNbTaTiW, CrNbTaTiVW, CrMoNbTiVW and CrMoNbTaTiV. All these

&5 alloys show a temperature range of 600-2000 °C for solid solution phase. 72

s out of the total 77 alloys have the similar feature.
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Figure S1: Seven single-phase examples predicted by the new rule and validated by the
CALPHAD method.



