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1. Atomic Coordinates and Equivalent Displacement Parameters

Table S1: Fractional atomic coordinates and equivalent displacement parameters (A?) for (1) SroCdP% and
(2) the Ba-poor compositions of the solid solution Bag(;_,)Sra, CdPs.

*SroCdP, was not resynthesized in this study, but is presented for reference. For information on SroCdPs,
please see our previous work.! Ueq is defined as one third of the trace of the orthogonalized U;; tensor.

Composition T Y z UJq
SryCdPs

Srl 0 0.29673 (9) 0.5970 (2) 0.0143 (4)
Sr2 0 0.46350 (1) 0.2560 (2) 0.0129 (4)
Cd 0 0.09625 (7) 0.4103 (2) 0.0136 (3)
P1 0 0.06150 (3) 0.0518 (6) 0.0116 (9)
P2 0 0.32570 (3) 0.0000 (7) 0.0130 (1)
Ba0_4Sr1,60dP2

Bal/Srl 0 0.29689 (4) 0.5944 (1) 0.0150 (3)
Sr2 0 0.46517 (6) 0.2601 (1) 0.0125 (2)
cd 0 0.09531 (4) 0.41551 (9) 0.0138 (2)
P1 0 0.0598 (2) 0.0549 (4) 0.0116 (6)
P2 0 0.3283 (2) 0.0058 (4) 0.0137 (6)
Ba0,6Sr1,4CdP2

Bal/Srl 0 0.29707 (4) 0.5927 (1) 0.0137 (3)
Sr2 0 0.46568 (7) 0.2608 (2) 0.0112 (2)
cd 0 0.09491 (5) 0.41614 (9) 0.0126 (2)
P1 0 0.0593 (2) 0.0556 (4) 0.0109 (6)
P2 0 0.3294 (2) 0.0066 (4) 0.0139 (7)
Ba0_7Sr1,30dP2

Bal/Srl 0 0.29717 (3) 0.5903 (1) 0.0112 (2)
Sr2 0 0.46632 (5) 0.2607 (2) 0.0092 (2)
cd 0 0.09454 (4) 0.41671 (9) 0.0107 (2)
P1 0 0.0585 (2) 0.0556 (4) 0.0089 (5)
P2 0 0.3304 (2) 0.0074 (4) 0.0115 (6)
Ba0,9Sr1,1CdP2

Bal/Srl 0 0.29721 (5) 0.5891 (1) 0.0110 (3)
Ba2/Sr2 0 0.46658 (8) 0.2619 (2) 0.0093 (4)
cd 0 0.09403 (5) 0.4180 (1) 0.0102 (3)
P1 0 0.0577 (2) 0.0563 (5) 0.0096 (8)
P2 0 0.3318 (2) 0.0084 (5) 0.0115 (9)




Table S2: Fractional atomic coordinates and equivalent displacement parameters (A?) for (1) BagCdP% and

(2) the Ba-rich compositions of the solid solution Bag(j_;)Sra, CdPs.

*BagCdPy was not resynthesized in this study, but is presented for reference. For information on BagsCdPs,
please see our previous work.! f Ueq is defined as one third of the trace of the orthogonalized U;; tensor.

Composition T Y z UJq
BaMSro,gchQ

Bal 0 0.29727 (3) 0.5897 (1) 0.0122 (2)
Ba2/Sr2 0 0.46636 (5) 0.2624 (1) 0.0100 (3)
Cd 0 0.09407 (4) 0.41837 (9) 0.0100 (2)
P1 0 0.0579 (1) 0.0573 (4) 0.0091 (5)
P2 0 0.3316 (2) 0.0084 (4) 0.0100 (6)
Bal_QSrongsz

Bal 0 0.29723 (5) 0.5907 (2) 0.0148 (2)
Ba2/Sr2 0 0.46540 (7) 0.2629 (2) 0.0121 (4)
cd 0 0.09397 (6) 0.4173 (1) 0.0127 (3)
P1 0 0.0582 (2) 0.0585 (6) 0.0123 (8)
P2 0 0.3315 (2) 0.0058 (6) 0.016 (1)
Ba1,38r0_7CdP2

Bal 0 0.29682 (4) 0.5925 (1) 0.0137 (2)
Ba2/Sr2 0 0.46432 (6) 0.2626 (1) 0.0110 (3)
Cd 0 0.09418 (5) 0.4162 (1) 0.0113 (2)
P1 0 0.0578 (2) 0.0598 (4) 0.0103 (6)
P2 0 0.3308 (2) 0.0035 (4) 0.0126 (7)
Bal_GSrOV4CdP2

Bal 0 0.29650 (3) 0.59502 (9) 0.0130 (1)
Ba2/Sr2 0 0.46206 (4) 0.26294 (9) 0.0102 (2)
Cd 0 0.09428 (4) 0.41371 (8) 0.0114 (2)
P1 0 0.0581 (1) 0.0620 (3) 0.0100 (5)
P2 0 0.3304 (2) -0.0030 (3) 0.0127 (6)
BaQCdPg

Bal 0 0.29615 (6) 0.6105 (1) 0.0136 (2)
Ba2 0 0.45930 (6) 0.2754 (1) 0.0128 (2)
Cd 0 0.09480 (7) 0.4223 (2) 0.0140 (3)
P1 0 0.0585 (3) 0.0775 (6) 0.0124 (9)
P2 0 0.3287 (3) 0.0000 (6) 0.012 (1)




2. Selected Bond Distances for Bay_,)Sry, CdP;
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Figure S1: Crystal structures of BayCdPy and SroCdPy with labels for different Wyckoff sites of Ba, Sr,
and P.

Table S3: Selected bond distances (A).

Composition Bal/Sr1-P1 Distance (A) Bal/Sr1-P2 Distance (A)
Ba0,4Sr1,GCdP2 3. 264(3) 3104(3)
Ba0468r1,4CdP2 3. 284(3) 3.126(3)
Ba047Sr1_3CdP2 3. 303(2) 3148(2)
Bag gSr1.1CdP2 3.332(3)x2 3.180(3) x2
Bal,lsro_ngPg 3. 331(2) 3182(2)
Bal.QSro,ngPg 3. 329(3) 3188(3)
Ba1‘3Sr0,7CdP2 3. 338(2) 3.181(2)
Ba1468r0_4CdP2 33416(1 ) 3.1943 (1 )

3. Selected Bond Angles for Bay_,)Sr,,CdP;

Table S4: Selected bond angles.

Composition P1-Cd1-P1 angle (°) Cd-P1-Cd angle (°)
Ba0‘4Sr1.6CdP2 99.21 (7) 124.24 (9)
Ba0,68r1,4CdP2 99.03 (8) 124.36 (12)
Ba047SI‘1,3CdP2 98.81 (5) 124.48 (10)
Ba()‘gSrl_lCdPg 98.68 (8) 124.65 (13)
Ba1,38r0,7CdP2 99.79 (6) 125.71 (11)
Ba1‘63r0,4CdP2 100.95 (5) 126.59 (9)
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5. Convergence Test for SQS Used to Calculate Effective Band Structure

Table S7: Comparison of the electronic structure properties of 100- and 200-atom SQS supercells of
Bag.4Sr1,6CdPs (z = 0.8). The band gap (F,), valence band density-of-states effective mass (mpog vp);
and conduction band density-of-states effective mass(mf,og cp) are found to be sufficiently converged for
the 100-atom SQS. E,y, mfos vp, and mpog op are calculated from the effective band structures. The DOS
effective mass is calculated within a 100 meV energy window from the relevant band edges, following the

methodology reported in our previous works. !:?

size of SQS  Ey (eV) MHbos, VB (me) MHbos,cB (me)

100 0.872 0.43 0.05
200 0.872 0.31 0.06

6. Effective Band Structure of Baj;Sr; ;CdP, (z = 0.65)
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Figure S2: The effective band structure of Bag 7Sr; 3CdPy (z = 0.65) alloy along special E—point paths of
the orthorhombic Brillouin zone.



7. Effect of Number of Interpolation Points on the EBS
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Figure S3: The effective band structure of Bag 4Sr; 6CdP2 (z = 0.8) calculated with two different number

of interpolation points between each pair of high symmetry k-points of the primitive cell.

8. Atomic Sites in the Defect Supercell
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Figure S4: Crystal structures of 160-atom supercell of Bag 75511 25CdPy (z = 0.625) used in defect calcula-
tions. The atomic indices corresponding to the maximum and minimum AFEp , for each defect in the neutral

charge state (Figure 7a in the main text) are labeled.



9. Convergence Test for SQS Used in Defect Calculations

Table S8: Comparison of the electronic structure properties of 40- and 120-atom SQS supercells of
Bayg.75911.25CdPy (z = 0.625). The band gap (E,) and energy offset of the conduction bands at I' and
Z (AEr_yz) are extracted from the EBS. The 40-atom SQS reproduces the electronic properties of the larger
120-atom SQS, and therefore, can be considered sufficiently converged.

# atoms in SQS  Ey (eV) AFEr_yz (eV)

40 0.838 0.01
120 0.837 0.01

10. Phase Stability of Bag7;Sr; ,;CdP,; in Chemical Potential Space

Table S9: Four-phase equilibrium regions of Bag 755r1.05CdPs in the quaternary Ba-Sr-Cd-P chemical po-
tential space. Aux (X = Sr, Ba, Cd, P) are the deviations in the elemental chemical potential from the
reference values (u% ), which are listed in Table S10.

Corner  Apug, Appa  Apca App  Phases in equilibrium with Bag 75511 05CdP2
(eV) (eV) (eV) (eV)

P-1 -1.040 -1.239 -0.086 -1.634 SrCd;;-SrCds-Bag ¢Sr1.4CdPo
P-2 -1.040 -1.139 —0.086 -1.672 SI‘Cdll, SI‘CdQ, Bao.gsrl,lchQ
P-3 —1.822 -1.921 —0.015 —0.925 STCdll, SerQPQ, Ba()_gsrl.lchQ
P-4 -1.753 —1.952 —0.021 —0.953 SerQPQ, STCdll, Baolgsrl,ngPg
P-5 -0.367 -0.566 —0.049 -2.125 SrP, SrCd, Bag ¢Sr1.2CdP2

P-6 ~0.312 -0.439 -0.504 -2.180 BayPs, SrCd, SrP

P-7 -0.344 -0.443 -0.472 -2.174 Ba4P3, SI‘Cd7 BaO_QSrl_lchQ

P-8 -1.790 —1.889 —0.524 —0.702 SF3P4, STP7 Bao,gSI'l_lchQ

P-9 -0.422 -0.521 -0.524 —2.070 BayPs, SrP, Bag ¢Sr;.1CdP,

P-10 -1.790 —1.989 -0.449 -0.702 SI‘3P4, SI‘P, BaO,GSr1,4CdP2

P-11 —2.058 -2.157 -0.390 -0.501 SI‘3P4, SI‘PQ7 BaQ_QSI‘LlCdPQ

P-12 -2.072 2171 -0.376 -0.494 SrPj, SrPs, Bag 9Sr1.1CdPo
P-13  -2.051 -2.250 -0.319 -0.506 Sr3P4, SrCdsPs, BagSry 4CdPs
P-14 -2.058 -2.250 -0.320 -0.501 SrsPy4, SrCdaPs, SrPs

P-15 -2.072 -2.245 -0.320 -0.494 SrPj, SrCdyPs, SrPs

P-16 -2.120 -2.219 -0.313 -0.478 SI‘P37 SI“CdQPQ, Bao_QSI‘LlCdPQ
P-17 -0.421 -0.620 -0.395 —2.098 SI"Cd7 SerQ, Bao,68r1,4CdP2
P-18 -0.421 -0.520 -0.395 -2.136 SrCd, SrCdg, Bag ¢9Sr1.1CdP2




11. Reference Elemental Chemical Potentials

Table S10: Reference elemental chemical potentials.

Element u° (eV)

Sr -4.11
Ba -1.83
Cd -0.88
P -5.11

12. Free energy of mixing (AG,,) of ordered BaSrCdP,
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Figure S5: The free energy of mixing (AGy,) of ordered BaSrCdPs,! where site 1 is fully occupied by Ba
and site 2 by Sr (see Figure 2 in main text for definition of sites). AGy, of ordered BaSrCdPy (marked by
x) is smaller than that of disordered BaSrCdPy (z = 0.5), where both sites 1 and 2 are fully disordered.
AG, is calculated at 900 K, the typical synthesis temperature of Bay(;_,)Sra,CdPs alloys.
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13. Free electron concentration for plausible n-type dopants in Bag 75Sr; 25CdP,

To evaluate n-type dopability of Bag 755r1.05CdP2 alloy, we calculate the free electron concentrations under
three plausible extrinsic doping scenarios. We consider substitutional chalcogen doping on the P site, which
will create singly-charged (¢ = 1) donor defects (assumed to be shallow). For each native defect, we consider
the average defect formation energy (average of the maximum and minimum AFEp , in Figure 7 in the main
text). The average AEp 4 of Vg and Vp are shown as dotted lines in Figure S6. We simulate three different
doping scenarios by adjusting AEp 4 at the conduction band minimum of the substitutional dopant. Namely,
(A) AEp, =0.29¢eV, (B) AEp, = 0.50 €V, and (C) AEp , = 0.75 €V, as shown in Figure S6. Scenarios
(A), (B), and (C) correspond to no, moderate, and strong electron compensation by the holes formed due
to native acceptor defect Voq. In each case, we find that Bag 755r1.05CdPy is n-type with free electron

concentrations of (A) 2.0x10' em =2, (B) 4.4x10'® cm ™3, and (C) 7.6x10'7 cm~3.

2.0

1.5

V)

~ 1.0}

AED,q e

0.5+

0.75

0.50
]0.29

0 0.5 1.0 15
EF (eV)

Figure S6: Defect formation energy of plausible n-type substitutional chalcogen dopants on the P site.
Three doping scenarios are considered: (A) AEp , =0.29 ¢V, (B) AEp,, = 0.50 ¢V, and (C) AEp , = 0.75
eV at the conduction band minimum.
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