Supplementary Information (Sl) for Journal of Materials Chemistry C.
This journal is © The Royal Society of Chemistry 2026

Supporting Information

MgGa,0, ZnGa,0, CdGa,0, SrGa,0, PbGa,0, BaGa,0,
HSE06 HSE06 HSE06 Scissor-corrected| [HSE06 HSE06
6
34
El)
= £ ~4.48 eV =472 eV
i2 E,=4.36 ¢V B 347V ey E 448 ¢ E~472¢ 33 eV
0
-ZWL G X WKW L G XWKGZ TY G SRZGZ Y ABDECGZ TY G SRZG A H KGM LH
MgGa,S, ZnGa,S, CdGa,S, SrGa,S, PbGa,S, BaGa,S,
» Scissor-corrected| | HSE06 HSE06 Scissor-corrected| [Scissor-corrected| |Scissor-corrected
34
)
] E_=4.40 eV E=4.10 eV
| 2 E =2.87 eV E,=3.08 ¢y E=3.05¢eV ’ E =284 ¢V b
8
0
-ZLM AG ZVZ G XP N Gz G XP N GZ G X Y GZ G X Y GX R M G R
ZnGa,Se, CdGa,Se, SrGa,Se, PbGa,Se, BaGa,Se,
HSE06 HSEO6 HSED6 Scissor-corrected| [HSE(6
6
T4
&
a2 IR G E-2.46 6V E,=2.68¢V E,=2.46 ¢V E~2.78 ¢V
=2
0
-ZZG XP N GZ G XP N GGZ TYGSRZZ G X Y GGZ TY G SR Z
ZnGa,Te, CdGa,Te, SrGa,Te, BaGa,Te,
8
HSE06 HSE06 HSE06 HSE06
6
24
-
B
E 2
B =178V hetle E,~113¢V
E~0.59 ¢V

Z G XP N GZ G XP N GGZ TY G SR ZZ G XPN G

MgALO, ZnALO, CdALO, Sral0, PbALO, BaAl,O,

8

HSE06 HSE06 HSE06 HSEO6 HSE06 HSE06

6
z 4 E =7.37 eV
g R 7 E,=6.06 ¢V
g, ! - fariad E, =454V Sail E,5.42 eV E=571eV
=

0

'zw L G X WKW L G X WKW L G X WKZ GYAB DECGZ TY G SR ZW L G X WK

MgALS, ZnALS, CdALS,-14 CAALS,-Fysp SrALS, PbALS,

g HSE06 HSE06 HSE06 HSE06 Scissor-corrected [Scissor-corrected
24
B2 Es399eV E,=3.46 6V E,=3.86 eV E-3.46 &V E;=4.72 ¢V E,3.47 eV

0

G ZT Y SX URW L G XWKZ G XP N GW L G XWKX G Y Z GW L G X WK



MgALSe, ZnALSe, 14 ZnALSe,F,, CdALSe, SrALSe, PbALSe,

HSE06 HSE06 HSE06 HSE06 HSE06 HSEO6
6
24
g
22 = = E,=3.93¢V
€71 29V Neaier E,257 eV Eizodaey i
0
_ZGA HK G LMHZ G XP N GW L G X WKZ G XP N GGZ TY G SR ZGZ TYS X UR
. ZnAl,Te, CdALTe, SrAl,Te, BaAl,Te, BaAl,Se, BaAlS,
HSE06 HSEQ06 HSE06 HSEU6_—— .| | HSE06 Scissor-corrected
6 i = N 0
T4 a0
&
22 E=4.10 eV
= E=245¢V E,=2.76 eV - E =220 eV
u -
E=1.19 ¢V =< E=285 ¢V

Z G XP N GZ G XP N GZ G XPN GW L G XWKZAMG ZRXGX R M G R

Fig. S1. The band structures of the ternary compound AB2Chs (A?*=Mg?*, Zn**, Cd*",

Sr?*, Pb?*, Ba?*; B3 = Ga’', AI’**; Ch*=0%, S*, Se*, Te%).

ZnGa,S, CdGa,S, PbGa,S, BaGa,Se, MgAlLS,
1.0 -
HSE N HSE0 N\ Scissofcarrected HSE N HSE(
0.8 \
él}.ﬁ
E
204
£
0.2
0.0
0O 1 2 3 4 5 0 1 2 3 4 5 0 2 3 4 5 0 2 3 4 5 0 2 3 4 5
Energy(eV) Energy(eV) Energy(eV) Energy(eV) Energy(eV)
ZnAl,S, CdALS (Tetragonal) CdALS,(Cubic) PbALS, ZnAlSe,(Cubic)
1.0 = S
0.5 HSEO HSEO HSE Scisso ted HSE! §
E‘O.G
E
£04
=
0.2
00 3y 5 0 2 3 4 5 0 2 3 4 5 0 2 3 4 5 0 2 3 4 5
Energy(eV) Energy(eV) Energy(eV) Energy(eV) Energy(eV)
CdAlSe, SrAlSe, CdAlLTe,
10 - S 100 nm
o5/ FISEO HSE0 HSE0 \ T80
g \ 300 nm
£0.6
E
]
=02
0.0
0 0 0 5

2 3 4 2 3 4 2 3 4
Energy(eV) Energy(eV) Energy(eV)

Fig. S2. The transmittance of 13 pre-screened candidates.



BaGa,Se, CdAl,Te,

8 Ba-6s 1.5 Cd-4s
6 Ba-5p Cd-3p
Ba-4d 1.0 Cd-3d
4 i
0.5
2 o
; g_ (;Ta_4s' T T T g 0-0 All_4s . T T T
-; Ga-4p ;; Al-4p
2 Ga-3d 3 Al-3d
c 2 =
Z RS
77 @
O 1- Q
=) =
R A
M—Feas ~ M—Tess =~~~
15- Se-4p q Te-3p
10+
54 2]
0 T T T T 0 T T T T
-4 -2 0 2 4 6 -4 -2 0 2 4
Energy(eV) Energy(eV)

Fig. S3. The PDOS for the most promising systems BaGa,Se, and CdAl,Te,.



(1) In order to ensure the stability of BaGa:.Ses and CdAl.Tes during growth, the sum

of the relative chemical potentials Aliof each component element must equal the

formation enthalpy (AHy) of the compound:

AH; (BaGa,Se,) = Apg, +2Apc, + 4Apg, )

AH, (CdAL,Te,) = Apgy+ 20+ 4Au, )

(2) To prevent the precipitation of elemental elements in the synthesis process, the Al

of each element should satisfy:
A< (), AMGa<<(), Mse<<() (3)
Alcy<, Alu<(, AHre<( (4)

(3) To avoid the formation of competitive phases, the following inequality constraints

must be satisfied:

Attgs +A1se < AH{BaSe) (5)
Mgy +281s, < AH((B45€2) (6)
AlGa +8Mse < AH(GaSe) (7)
2AlG, 1301, < AH f(GazSe3) (8)
Aica +AM7e ¢ AH{CdTe) )
2y 1300 < AT (10)

20y 15817, < AHyALTES) (11)



(4) To prevent the formation of impurity phases between the doping elements and the

matrix material, additional constraints on chemical potential must also be satisfied:

mAp, + nAp <AH(D, X)) (12)
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Fig. S4. The calculated phase diagrams for (a) BaGa:Ses (A: Ba-Poor; B: Ga-Poor; C:
Se-Poor) and (b) CdAl:Tes (A: Cd-Poor; B: Al-Poor; C: Te-Poor).



Table S1. The optimized structural parameters and the experimental values of the
ternary compound AB.Chs (A**=Mg?*, Zn**, Cd**, Sr**, Pb*', Ba?"; B3 = Ga’*, AI**;

Ch*=0%, S%, Se?, Te*)

Sapace | a b c o B Y Reference

MgGa,04 | FdZm |8.48 |8.48 |[8.48 |90 90 90 This work
829 1829 [829 |90 90 90 Exp.[1]

ZnGa,04 | FdZm |8.55 |8.55 |[855 |90 90 90 This work
833 833 |833 |90 90 90 Exp.[2]

CdGa,O4 |FdZm |8.76 |8.76 |[8.76 |90 90 90 This work
8.60 [8.60 |860 |90 90 90 Exp.[3]

SrGa, 04 | P2)/C |846 |9.13 |10.86 | 90 94.13 | 90 This work

838 | 899 |10.68 | 90 93.93 |90 Exp.[4]

PbGa,04 |Ama2 |8.72 953 536 |90 90 90 This work
859 1942 |535 |90 90 90 Exp.[5]

BaGa,04 | P63 19.07 | 19.07 | 8.87 |90 90 120 This work
18.65 | 18.65 | 8.67 |90 90 120 Exp.[6]

MgGa,S, | C2/c 13.09 | 2299 |6.50 |90 108.40 | 90 This work

12.74 | 22.54 | 6.43 |90 108 90 Exp.[7]

ZnGayS, |14 547 | 547 |10.55 |90 90 90 This work
534 |534 |1045 |90 90 90 Exp.[8]
CdGayS, |I% 571 |5.71 |10.36 | 90 90 90 This work
573 | 5.73 |10.07 | 90 90 90 Exp.[8]
SrGa,S, Fddd 21.32 | 20.88 | 12.45 | 90 90 90 This work
20.93 |20.55 | 12.30 | 90 90 90 Exp.[9]
PbGa,Sy | Fddd 21.05 | 20.67 | 12.40 | 90 90 90 This work
20.71 12038 | 12.16 | 90 90 90 Exp.[10]
BaGa,S, | Pa3 12.90 | 12.90 | 12.90 | 90 90 90 This work

12.66 | 12.66 | 12.66 | 90 90 90 Exp.[11]




ZnGa,Se, | M2m 5.66 5.66 11.11 | 90 90 90 This work
5.54 554 |11.03 |90 90 90 Exp.[12]
CdGa,Se, | /¥ 5.93 5.93 10.92 | 90 90 90 This work
5.84 584 |10.75 |90 90 90 Exp.[13]
SrGa,Se; | Ceem 6.35 10.99 | 11.19 | 90 90 90 This work
6.34 10.97 | 11.10 | 90 90 90 Exp.[14]
PbGa,Ses | Fddd 12.83 | 21.63 | 21.76 | 90 90 90 This work
12.72 | 21.28 | 21.53 | 90 90 90 Exp.[15]
BaGa,Se; | Ccem 6.39 11.46 | 11.65 | 90 90 90 This work
6.48 11.13 [ 11.24 | 90 90 90 Exp.[16]
ZnGa,Te, | M2m 6.07 607 |11.98 |90 90 90 This work
592 |592 |11.81 |90 90 90 Exp.[17]
CdGa,Te, | /@ 6.29 1629 |11.90 |90 90 90 This work
6.12 |6.12 |11.81 |90 90 90 Exp.[18]
SrGa,Te; | Ceem 6.80 11.78 | 11.83 | 90 90 90 This work
6.74 11.62 | 11.63 | 90 90 90 Exp.[19]
BaGa,Tes | lA/mem | 8.24 824 [7.50 |90 90 90 This work
842 |842 [6.80 |90 90 90 Exp.[20]
MgA1,0, | Fd®m |7.96 |7.96 |7.96 |90 90 90 This work
8.09 [809 |8.09 |90 90 90 Exp.[21]
ZnA1,0, | Fd@m |8.05 |8.05 |8.05 |90 90 90 This work
8.09 [8.09 |8.09 |90 90 90 Exp.[22]
CdA1,0, | FdBm |827 |827 [827 |90 90 90 This work
836 [836 |836 |90 90 90 Exp.[8]
SrA1,04 | P2, 839 [873 |5.09 |90 93.17 |90 This work




845 [882 [516 |90 [9342 [90 | pypp23]
PbA1,O; |Ama2 |839 [9.08 [505 [90 |90 90 | This work
846 [923 [5.07 [90 |90 90 | Exp.[23]
BaAl,04 | P6; 10.34 | 10.34 [8.73 |90 |90 120 | This work
10.45 | 10.45 [8.79 [90 |90 120 | Bxp[24]
MgALS; |Pnma |12.67 | 727 [594 |90 |90 90 | This work
12.59 | 7.25 [594 |90 |90 90 | Exp.[25]
ZnALS, |Fd®m |10.17 [ 10.17 [ 10.17 |90 |90 90 | This work
10.01 | 10.01 | 10.01 [90 |90 90 | Exp[26]
CdALS, |M 570 [570 [10.11][90 |90 90 | This work
555 |555 [10.11]90 |90 90 | Exp.[27]
CdALS, |Fd&m 1039 [10.39 [ 1039 [90 |90 90 | This work
10.24 | 10.24 [ 1024 [90 |90 90 | Exp.[28]
SrALS, | Fddd |21.15 [20.57 | 12.18 [90 |90 90 | This work
21.05 |20.58 [ 12.21 |90 |90 90 | Exp[9]
PbALS, |Ccem |5.94 |1048 [10.50 [90 |90 90 | This work
596 | 1048 [10.54 [90 |90 90 | Exp[14]
BaALS, | Pa3 12.75 | 12.75 [ 12.75 [90 |90 90 | This work
12.65 | 12.65 | 12.65 |90 |90 90 | Exp[i1]
MgALSe, | RBm [3.90 [3.90 [40.99 [90 |90 120 | This work
392 [3.92 [3920]90 |90 120

Exp.[29]




5.68

5.68

10.87

90

90

90

ZnAl,Se, This work
561 |5.61 |1099 (90 |90 90 Exp.[8]
ZnAl,Se, | FdBm |10.71 [ 10.71 | 10.71 |90 |90 90 This work
10.69 | 10.69 | 10.69 |90 |90 90 Exp.[30]
CdALSe, | /@ 591 (591 |10.71 |90 90 90 This work
584 [584 |1082(9% |90 90 Exp.[8]
StAlSe, | Ceem | 620 | 11.00 | 11.18 | 90 90 90 This work
627 |10.82 |10.85 [90 |90 90 Exp.[31]
PbALSes | Cecem | 630 |17.06 | 10.13 | 90 90 90 This work
6.36 |10.63 | 10.78 [90 |90 90 Exp.[32]
BaAlSes | PAnnc | 1117 |11.17 | 673 |90 |90 90 | This work
1135 | 1135 |6.19 |20 |90 90 Exp.[16]
ZnAl,Te, | /M 6.11 |6.11 [11.85[90 |90 90 This work
594 594 [12.03[90 |90 90 Exp.[8]
CdALTe, | /M 631 | 631 |11.78 [90 |90 90 This work
6.01 |6.01 [1221[90 |90 90 Exp.[8]
StAL,Te; | Amem | 841 |841 [6.72 |90 |90 90 This work
825 825 |6.75 [90 |90 90 Exp.[20]
BaAl,Te, | P4nbm |8.63 |8.63 |6.72 [90 |90 90 This work
869 |869 |676 [90 |90 90

Exp.[33]




Table S2. The carrier effective mass of AB.Chs (A2*=Mg?*, Zn?*, Cd**, Sr?*, Pb**,

Ba?"; B3 = Ga’', AI**; Ch?=0%, S, Se*, Te*)

Compound my(my) me(my)
MgGa,04 1.23 0.32
ZnGa,04 1.36 0.33
CdGa,04 1.30 0.32
SrGa,04 7.69 0.41
PbGa,04 3.70 1.09
BaGa,04 16.67 1.28
MgGa,S, 1.30 0.35
ZnGa,S, 0.91 0.61
CdGa,Sy 0.92 0.39
SrGa,S,4 3.33 2.50
PbGa,S, 1.05 1.38
BaGa,S, 2.97 0.38
ZnGa,Sey 0.78 0.36
CdGa,Se,4 0.73 0.27
SrGa,Se, 0.64 0.54
PbGa,Sey 0.86 1.38
BaGa,Sey 0.71 0.49
ZnGa,Tey 0.51 0.40
CdGa,Te, 0.71 0.68
SrGa,Tey 0.70 0.28
BaGa,Te, 1.32 0.72
MgA1,04 1.59 0.48
ZnA1,04 0.75 0.48
CdA1,04 0.73 0.41
SrA1,04 6.50 0.51

PbA 1,04 2.21 0.93



BaA1,04 2.08 0.50
MgAlS, 0.86 0.63
CdALS4(Fd3m) 0.52 0.67
CdA1,S4(1%) 1.10 0.46
SrAl,S, 4.28 3.31
PbAl,S, 0.96 0.75
BaAl,S, 1.22 0.87
MgAl,Se, 1.86 0.35
ZnAl,Sey(Fd3m) 0.52 0.65
ZnAl,Sey (1%) 0.99 0.48
CdALSey 1.03 0.44
SrAl,Se, 0.56 0.54
PbAle€4 - -
BaAl,Se, 1.28 1.08
ZnAl,Te, 0.63 0.46
CdAl,Tey 0.84 0.89
SI'AIQT64 0.78 0.57
BaA12T64 1.26 0.55
Table S3. The elastic constants for 12 candidate materials.
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These 12 materials, covering cubic, tetragonal and orthorhombic crystal systems,

must satisfy the following mechanical stability conditions, respectively:

Cpu>0,Cpy-C,>0,C,+Cp>0
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Table S4. The enthalpy of formation for 12 candidate materials.

Compound Group E; (eV/CelD)
7/nGa,S, ), | -0.73
CdGa,S, ), | -0.72
BaGa,Se, Ccem -1.11
MgALS, Pnma -1.82
ZnAlS, Fd%=m -1.61
CdALS, Fd%=m -1.64
CdALS, = -1.58
PbALS, Ccem -1.66
ZnAl,Se, Fd3m -1.64
CdAl,Sey ), -1.51
SrAl,Se, Ceem -1.92
CdAl,Tey ) -1.18

Table S5. The calculated deformation potential constant £ and hole mobility p;, for 12

screened candidates.

Compound Space Group E(V) m
Ga,0; C2/m 7.50 1.30
CuAlO: REm - 10.40

2Ga,S, = 30.98 5.21
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