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Supplementary Note 1: The Elemental and Electronic Properties
for Feature Engineering

In addition to the crystal symmetry of the materials, the following atomic and electronic
properties were considered to develop the deep neural network model. Here, BCC indicates
body-centered cubic, and FCC means face-centered cubic.

Atomic volume Is Mendeleev Column number

Atomic number Is meta Covalent radius

Atomic weight Is nonmetal Density

BCC energy diff Is metalloid First ionization energy
BCC effective lattice constant  Is alkali Ground state band gap
BCC fermi Is d-block Ground state efflatent
BCC magnetic moment Is f-block Ground state estBCClatent
BCC volume padiff Number of valence Ground state estFCClatent
BCC volume pa. Number of unfilled Ground state magnetic moment
Boiling temperature Number of s valance Ground state volume pa
ICSD volume Space group number Row number

Number of d unfilled Number of d valence Number of f unfilled
Number of f valence Number of p unfilled Number of p valence
Number of s unfilled Oxidation states Polarizability

Supplementary Note 2: The classification report of random
forest classifier

Supplementary Table 1: The classification report of the test set for the non-metal/metal
random forest classifier trained with all the quaternary materials.

Precision Recall F1-score Support
Metal 0.77 0.62 0.69 197
Non-metal 0.88 0.94 0.91 584
Accuracy 0.86 781
Macro Avg 0.83 0.78 0.80 781
Weighted Avg 0.85 0.86 0.85 781
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Information of Existing AA’MHg
Semiconductors

Supplementary Note 3:

The following information was taken from the open quantum materials database (OQMD)
[1], the Material Project (MP) database [2], and the results from Kadir et al. [3]. OQMD
contain the data of only NaCalrHg, NaSrIrHg, and NaBalrHg semiconductors.

Supplementary Table 2: The lattice parameter (a) and bond lengths in A, and the formation
energies in eV /atom for AA’MHg materials in OQMD.

Material

a

A-H

M-H

A-M

A-A’

Eform

NaCalrHg

5.01321

2.50819

1.68341

3.06995

3.54487

-0.657

NaSrIrHg

5.18736

2.59794

1.68534

3.17659

3.66802

-0.620

NaBalrHg

5.44633

2.73337

1.68961

3.33518

3.85114

-0.526

Supplementary Table 3: The bandgaps in eV for AA’'MHg semiconductors published in
OQMD (E¢), MP database (E?) and Kadir et al. (E).

Material Eg (eV) EL (eV) ES (eV)
NaCalrHg 3.5 3.53 3.33
NaSrIrHg 3.5 3.38 3.21
NaBalrHg 3.2 - 3.09
KBalrHg - - 3.01
KBalrHg - - 2.91

Supplementary Note 4: Comparing Bandgaps calculated using

the PBE and HSE06 methods

Supplementary Table 4: Bandgaps calculated based on PBE and HSE06 methods in eV.

Material |FEy-PBE|E,-HSE06
BaNaRhHg|3.02 4.34
BaSrZnHg |1.59 2.59
BaCsAlHg |2.94 3.88
SrTlIrHg 1.62 2.51
CsKSiHg |2.164 3.15
KNaNiHg [3.30 4.23
NaYRuHg |2.53 4.06
CaScMnHg |1.27 3.04
NaZrMnHg[1.57 3.34
AgZrMnHg|1.41 3.07
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Supplementary Note 5:

The following table contains the chemical formulas of the semiconductors predicted by the
RFC model. The structures of those materials can be downloaded from the Carolina Materials

database at http://www.carolinamatdb.org/.

Predicted Semiconductors

Supplementary Table 5: The semiconductors predicted by the RFC model

AlGaHgOs |CsBaNiHg |KInHgPt |LiMgHglr |RbHgAsHg|SrYHgRh CsgHgIrPt

BaAlTIHg |CsHgAsHg |KLiHgPt |LiScHgOs |RbScTcHg [YCdCoHg CsgReHgAu
BaCaHglr |CsKSiHg |KNaCuHg|LiYFeHg RbTIHsPd |[YCoAgHg CsgReSnHg
BaCaHgRh|CsRbHgPb |[KNaHgPt |LiYHgIr RbYMgHs |[YCoHgPb  |CsgSiHeRh
BaCrHgRu [CsRbSnHg |KNaNiHg |LiZrCrHg |ScCoAgHg |YCrInHg CsgSnHglr
BaMgZnHg |CsSrCoHg |KRbCuHg|MgCdCoHg|ScMnGeHg |[YMnHgHg  |CsgSnHgW
BaMnVHg [CsSrGaHg |KRbGeHg|MgGaHglr [ScMnSnHg [YMnZnHg |[CsgT1HgOs
BaNaHgRh|CsSrIinHg |KRbSnHg |[NagAlGaH |ScMnZnHg |[YScCrHg CsgVSiHg

BaNaNiHg |CsZnSbHg |KScAlHg [NagCaTIH |SrBeTcHg |YScFeHg CsScgT'cTeg
BaScHsOs |HIMnCdHg|KScZnHg |[NagCdInH |SrCaHgRh |YZnHgRu KsCoHgRh
BaSrCuHg |HfScBeHg |KTiHgOs |NagScBiH |[SrCrReHg |YZrCoHg KgMnAlHg
BaSrMgHg |HfScFeHs |KTINiHg |NaCaCoHg |SrtHgGeHe |YZrCrHg KZr¢TegAs
BaSrZnHg |KAlZnHg |KVHgRu |[NaCaHglr |SrHgHePt |ZnReHgPt |KZrgTesRh
BaZnTcHg |KBaBHg |KYHglr |NaMgHgPd|SrMgSiHg |ZrFeNiHg RbsMgSiHg
CaAlHglr |KBaHegPt |KYHgOs |[NaMgHgPt [StMnHgOs |ZrMnAgHs |RbgNiSnHg
CaCoAgHg |KBaTiHg |KYHgPt |[NaScHeOs |[SrMnVHg |ZrMnZnHg |SreSiTesAs
CaScMnHg |[KBiHglr  |KZnAsHg |[NaYHgRu |SrTiMnHg [BaMgsTesIr |YScsMoHsg
CaYNiHg |KCaCoHg |LigFeSiH |NaZnGaHg |SrTIHglr [CagMgTesPt

CaZrHglr |KCaHgPt |LigNiGeH |NaZrMnHg |SrTINiHg |CsgAlVHg

CsBaAlHg [KCdSbHg |LiBeHgOs |NiHgPtPb |SrVCrHg |CsgGaSiHg
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