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Section S1: Formation Enthalpies of Known and New Compounds

The chemical equation for the formation enthalpy of each A2BX3 bulk structure is shown in Equations 1-3, for oxides, sulfides, and selenides, respectively. The expression used to compute the formation enthalpy (Eform) is shown in Equation 4.

2A(s) + B(s) + 3/2 O2(g)  A2BO3(s)      [1]
2A(s) + B(s) + 3/8 S8(s)  A2BS3(s)        [2]
2A(s) + B(s) + 3/8 Se8(s)  A2BSe3(s)    [3]

Eform =Ebulk-8EA-4EB-12EX                       [4]
 
In Equation 4, each A is either Na, K, Rb, or Cs,  each B is either Pb, Ti, or Zr, and each X is either O, S, or Se. The ground states are listed as follows:

Na, K, Rb, and Cs are bcc cells; Sn is a tetragonal cell, Pb is a fcc cell; and Ti and Zr are hcp cells. The O atom is 1/2 the energy of an O2 molecule in a box with 15 Ang. dimensions.
Both S and Se are orthorhombic cells with either S8 or Se8 structures and Z=4 units. All values reference the computed ground state bulk structures where the space group is given in parentheses and the values are in eV per formula unit. To compare to values of other materials in eV/atom, divide the eV/f.u. number by 6. 

Previously Synthesized Known Materials:
Composition             Eform
-----------------------                ------------
K2PbO3 (Pnma)      -8.265 eV/fu 
Rb2PbO3 (Pnma)    -8.104 eV/fu
K2TiO3 (Pnma)     -15.067 eV/fu
K2TiS3 (Pnma)        -8.492 eV/fu
K2ZrO3 (Pnma)     -15.051 eV/fu
Cs2ZrO3 (Cmcm)   -14.992 eV/fu
Cs2ZrSe3 (Cmcm)    -8.763 eV/fu

New DFT-Predicted Materials:
Composition             Eform
-----------------------                ------------
K2TiSe3 (Pnma)      -7.883 eV/fu
K2ZrS3 (Pnma)        -9.022 eV/fu
K2ZrSe3 (Pnma)      -8.438 eV/fu
Rb2ZrO3 (Pnma)   -14.893 eV/fu
Rb2ZrS3 (Pnma)      -9.033 eV/fu
Rb2ZrSe3 (Pnma)    -8.483 eV/fu
Cs2ZrS3 (Pnma)      -9.285 eV/fu     

Rb2(Sn1/2Pb1/2)O3 (1)  -8.926 eV/fu
Rb2(Sn1/2Pb1/2)O3 (2)  -8.928 eV/fu

(Na,K)PbO3 (1)     -8.158 eV/fu
(Na,K)PbO3 (2)     -8.039 eV/fu

(K,Rb)PbO3 (1)     -8.178 eV/fu
(K,Rb)PbO3 (2)     -8.159 eV/fu

Here we find that the transition metal oxides have the lowest Eform of the set, followed by the transition metal sulfides, and then the transition metal selenides. Comparable to the sulfides and selenides are the plumbates, whose Eform values show a wide degree of variation with composition. The mixed B-site plumbates (Rb2(Sn1/2Pb1/2)O3) have the lowest values of Eform while the mixed A-site plumbates ((Na,K)PbO3) have the highest values of Eform though all values are still negative and predicted to form with respect to the elements in their standard state.

Section S2: Dynamical Stability of New Compounds
In this section we detail the complete phonon band structures for the new compound from our search, K2ZrS3 (Figure S1). For this new composition we investigate the antipolar ground state structure, classified in Pnma symmetry, and find that it does not display any instabilities in the Brillouin zone. K2ZrS3 has 3 distinct bands of vibrational modes with ranges that are a) 0-200 cm-1, b) 220-350 cm-1 , and c) 400-450 cm-1. The IR active modes at the  point for K2ZrS3 are discussed further in Section S3. Investigating the dynamical matrices of K2ZrS3 we find that the largest contributions to the low frequency bands comes from the K atom, and then as the frequency increases, this contribution decreases as more Zr-S motions condense in. Finally, in the highest frequency regimes the modes are primarily Zr-S based, with the S anion increasing its contributions to the frequencies at the higher end of the spectrum.

[image: ]
Figure S1: The phonon band structure of K2ZrS3, in Pnma symmetry, shows no instabilities.


Section 3: Dielectric Properties of New Compounds

[bookmark: _GoBack]All calculations in this section are performed only at the zone center ( point) using a 6x6x6 k-point grid. For Rb2ZrO3, K2ZrS3, and Rb2ZrS3 we find no unstable vibrational modes in either the antipolar ground state structures (of Pnma symmetry) or metastable polar structures (of Cmc21 symmetry). In each of the tables below we separate the IR active modes into the xx, yy, and zz dimensions, listing first the IR active frequency, the running sum of the ionic dielectric constant, and then each individual modes contribution to the ionic portion of the dielectric constant. For the modes with  > 0.2 we describe the motion in the final column. The subscript “ap” stands for the apical anion and the subscript “eq” stands for the equatorial anions in the 1D chains of BX5 square pyramids.

For all 3 A2BX3 compositions the lower frequency modes have a significant amount of motion related to the A-site, which decreases as the contribution of the B-site condenses in. For all 3 new compounds zz) > (xx) ~ (yy) and the total ionic response of the oxide is larger than the ionic response of either sulfide.







Rb2ZrO3-Pnma                                            Rb2ZrO3-Cmc21
 (cm-1)  sum(xx)          mode(xx)                 (cm-1)   sum(xx)           mode(xx)         motion
-------------------------------------------           ---------------------------------------------    ---------          
 36.05     0.00670843     0.00670843             58.69     0.19602770     0.19602770   
 90.95     0.16166944     0.15496101             91.00     0.33741924     0.14139154  
117.23    0.75871047     0.59704103           122.34     3.05436966     2.71695042     Zr-Oeq.  
124.74    3.30765907     2.54894859           130.88     3.42719903     0.37282936     Rb-O
234.82    3.57971174     0.27205267           234.45     3.69260503     0.26540601     Zr-Oap.
426.35    3.60771796     0.02800622           427.52     3.74180174     0.04919671
473.88    4.76190166     1.15418370           475.23     4.87237946     1.13057771     Zr-Oeq.

 (cm-1)  sum(yy)          mode(yy)                 (cm-1)   sum(yy)           mode(yy)         motion
-------------------------------------------           ---------------------------------------------    ---------          
 74.88     0.01429234     0.01429234             88.83     0.00260279     0.00260279
 93.31     1.07065631     1.05636397             93.97     0.99856887     0.99596607     Rb-Zr
115.81    3.45964110     2.38898478           116.39     3.40923594     2.41066707     Rb, Zr-Oeq.
194.72    3.48356835     0.02392725           189.34     3.42948653     0.02025060     Rb, Zr-Oeq.
325.30    3.56065331     0.07708496           326.14     3.50681695     0.07733041
328.99    3.56146305     0.00080974           330.10     3.50807084     0.00125389
508.02    3.56148110     0.00001805           509.72     3.50827651     0.00020567
601.72    4.33075627     0.76927517           603.45     4.28068503     0.77240852     Zr-O
686.70    4.58625810     0.25550183           687.35     4.53121019     0.25052517     Zr-Oap.

 (cm-1)  sum(zz)          mode(zz)                 (cm-1)   sum(zz)           mode(zz)           motion
-------------------------------------------           ---------------------------------------------    ---------          
 59.86     6.86569689     6.86569689             53.13     8.46418972     8.46418972     Rb, Zr-Oap.
 95.49     6.94247190     0.07677502             84.19     8.58581571     0.12162599
109.47    6.94305708     0.00058518           106.40     8.61387949     0.02806378
125.75    6.95632017     0.01326308           114.24     8.61387990     0.00000041
203.81    6.95939475     0.00307458           199.74     8.61657104     0.00269114
271.91    7.56974772     0.61035297           270.17     9.18717922     0.57060818     Zr-Oap.
360.90  12.10358243     4.53383471           363.38   13.66361206     4.47643283     Zr-Oeq.
576.73  12.10364263     0.00006020           556.84   13.66365382     0.00004177
722.49  12.11041009     0.00676747           716.55   13.67029728     0.00664346

  
  

  
  






K2ZrS3-Pnma                                               K2ZrS3-Cmc21
 (cm-1)  sum(xx)          mode(xx)                 (cm-1)   sum(xx)           mode(xx)           motion
-------------------------------------------           ---------------------------------------------      ---------           
  63.69     0.35337859     0.35337859               72.69     0.48283040     0.48283040     K-Seq.
  97.27     0.69450779     0.34112921               95.85     0.66702735     0.18419695     K, Zr-Seq.
104.74     0.70099897     0.00649117             102.97     1.44050581     0.77347845     K, Zr-Sap.
127.20     2.97445836     2.27345940             125.22     3.20672024     1.76621444     K, Zr-Sap.
140.94     3.00137012     0.02691176             143.46     3.23044272     0.02372247
243.06     3.00837658     0.00700646             241.65     3.23918785     0.00874513
328.56     3.63307626     0.62469968             333.04     3.83181002     0.59262217     Zr-Seq.

 (cm-1)  sum(yy)          mode(yy)                 (cm-1)   sum(yy)           mode(yy)           motion
-------------------------------------------           ---------------------------------------------      --------- 
  87.42     0.50970611     0.50970611               88.59     0.26166807     0.26166807    K, Zr-S
  96.75     0.74460013     0.23489402               99.34     0.89833351     0.63666544    Zr-Sap.       
126.19     2.41410448     1.66950434             123.37     1.04375502     0.14542151    K, Zr-Seq.
135.17     2.45162136     0.03751689             131.33     2.50160931     1.45785429    K, Zr-Seq.
180.88     2.50147333     0.04985197             182.52     2.50865721     0.00704790
188.82     2.57125086     0.06977753             193.70     2.53669391     0.02803670
310.22     2.57221969     0.00096883             313.16     2.53681105     0.00011714
346.03     2.79740391     0.22518422             351.30     2.76913077     0.23231972     Zr-Seq.
399.32     3.45776671     0.66036280             399.37     3.44470144     0.67557067     Zr-Sap.

 (cm-1)  sum(zz)          mode(zz)                 (cm-1)   sum(zz)           mode(zz)             motion 
-------------------------------------------           ---------------------------------------------      --------          
  83.50     0.19180722     0.19180722               67.98     0.00204913     0.00204913    K-Seq.-Sap.  
  95.24     0.95398991     0.76218269               82.30     1.94389361     1.94184448    K-Zr
105.56     0.95721361     0.00322370             108.42     1.94536112     0.00146751
133.46    1.05699725      0.09978363             126.48     1.94557797     0.00021685
144.52    1.10000793      0.04301068             133.84     2.08081025     0.13523228
157.88    1.63793745      0.53792952             152.01     2.56162208     0.48081183    Zr-Sap.
222.84    7.86176670      6.22382925             222.96     8.55204632     5.99042424    Zr-Seq.
328.99    7.86254220      0.00077550             325.58     8.56956816     0.01752184
426.96    7.90290701      0.04036481             419.84     8.60995899     0.04039083



 
 
 
 
 
 
 
 
 
Rb2ZrS3-Pnma                                             Rb2ZrS3-Cmc21
 (cm-1)  sum(xx)          mode(xx)                 (cm-1)   sum(xx)           mode(xx)           motion
-------------------------------------------           ---------------------------------------------      ---------           
  40.02    0.27952888     0.27952888            46.78     0.18544795     0.18544795        Rb-S
  70.93    0.68781780     0.40828892            71.84     0.68575857     0.50031062        Rb-ZrS
  92.90    3.22981306     2.54199526            87.92     3.28695986     2.60120129        Rb, Zr-S 
  98.60    3.23330663     0.00349358          100.32     3.44157312     0.15461326
127.06    3.27008256     0.03677592          124.45     3.44720645     0.00563333
245.46    3.27384096     0.00375840          247.04     3.45178636     0.00457990
329.05    3.86606039     0.59221944          332.95     4.01992435     0.56813799        Zr-Seq.

 (cm-1)  sum(yy)          mode(yy)                 (cm-1)   sum(yy)           mode(yy)           motion
-------------------------------------------           ---------------------------------------------      --------- 
  59.44     0.01348648     0.01348648           63.70     0.06076579     0.06076579
  69.28     0.29274532     0.27925885           69.42     0.22411091     0.16334512       Rb, Zr-S
  98.09     2.23936244     1.94661712           94.30     0.46843125     0.24432034       Rb-ZrS
110.15     2.36521113     0.12584869         101.52     2.34104001     1.87260876       Rb-ZrS
180.69     2.38886938     0.02365825         181.86     2.34621456     0.00517454
185.99     2.40896981     0.02010043         187.31     2.35390726     0.00769271
312.90     2.40957406     0.00060425         315.63     2.35399540     0.00008814
347.36     2.60197962     0.19240556         351.67     2.54048946     0.18649406        Zr-Seq.
396.60     3.28064558     0.67866596         397.71     3.25047643     0.70998697        Zr-Sap.

 (cm-1)  sum(zz)          mode(zz)                 (cm-1)   sum(zz)           mode(zz)             motion 
-------------------------------------------           ---------------------------------------------      --------          
  63.39     1.04520861     1.04520861           35.56     3.70974310     3.70974310        Rb-ZrSap.
  72.83     1.16948793     0.12427933           70.03     4.09292243     0.38317932
  85.32     1.50433471     0.33484678           79.41     4.30551141     0.21258898       Rb-Sap, ZrSeq.   
  96.94     1.54721955     0.04288483           87.91     4.48953426     0.18402285
131.84     1.61281481     0.06559526         132.00     4.54331605     0.05378179
150.88     2.25487329     0.64205848         146.25     5.25589234     0.71257629        Zr-Sap.
223.06     8.03100400     5.77613071         223.25   11.03499609     5.77910375        Zr-Seq.
327.38     8.03100711     0.00000311         324.18   11.04025811     0.00526202
423.20     8.05081073     0.01980363         417.39   11.05024374     0.00998563
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