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Table S1. The obtained parameters of Pb3O2X2 unit cell. 

Crystal  a b c  

Pb3O2Cl2 

measured 11.81 (Å) 5.78 (Å) 9.48 (Å) α = 90.00° 

β = 90.00 ° 

γ = 90.00 ° 
DFT-optimized 11.91 (Å) 5.87 (Å) 9.58 (Å) 

Pb3O2Br2 

measured 12.24 (Å) 5.87 (Å) 9.80 (Å) α = 90.00° 

β = 90.00 ° 

γ = 90.00 ° 
DFT-optimized 12.31 (Å) 5.93 (Å) 9.80 (Å) 

Pb3O2Br2 

measured 17.86 (Å) 5.95 (Å) 7.49 (Å) α = 90.00° 

β = 90.00 ° 

γ = 90.00 ° 
DFT-optimized 17.95 (Å) 5.98 (Å) 7.55 (Å) 

 

 

Table S2. The obtained parameters of Pb3O2Cl2 atomic coordinates. 

Atom X Y Z 

Pb1 0.4173156502772774 0.2500000000000000 0.4199853281517627 

Pb2 0.0826843497227226 0.7500000000000000 0.9199853281517626 

Pb3 0.5826843497227225 0.7500000000000000 0.5800146718482374 

Pb4 0.9173156502772775 0.2500000000000000 0.0800146718482373 

Pb5 0.7177606125402565 0.2500000000000000 0.3625412641039831 

Pb6 0.7822393874597435 0.7500000000000000 0.8625412641039827 

Pb7 0.2822393874597435 0.7500000000000000 0.6374587358960173 

Pb8 0.2177606125402565 0.2500000000000000 0.1374587358960170 

Pb9 0.4403624911090035 0.2500000000000000 0.8007650891486422 

Pb10 0.0596375088909964 0.7500000000000000 0.3007650891486421 

Pb11 0.5596375088909965 0.7500000000000000 0.1992349108513579 

Pb12 0.9403624911090035 0.2500000000000000 0.6992349108513578 

O1 0.5784517083430861 0.9953405670090483 0.3838724514552975 

O2 0.9215482916569139 0.4953405670090480 0.8838724514552977 

O3 0.9215482916569139 0.0046594329909519 0.8838724514552977 

O4 0.4215482916569139 0.4953405670090480 0.6161275485447023 

O5 0.4215482916569139 0.0046594329909519 0.6161275485447023 

O6 0.0784517083430861 0.5046594329909517 0.1161275485447024 

O7 0.0784517083430861 0.9953405670090483 0.1161275485447024 

O8 0.5784517083430861 0.5046594329909517 0.3838724514552975 

Cl1 0.6919474312753680 0.2500000000000000 0.6892437420777858 

Cl2 0.8080525687246320 0.7500000000000000 0.1892437420777857 

Cl3 0.3080525687246320 0.7500000000000000 0.3107562579222143 

Cl4 0.1919474312753681 0.2500000000000000 0.8107562579222142 

Cl5 0.6325238645129688 0.2500000000000000 0.0766019771799739 

Cl6 0.8674761354870312 0.7500000000000000 0.5766019771799735 

Cl7 0.3674761354870313 0.7500000000000000 0.9233980228200265 

Cl8 0.1325238645129686 0.2500000000000000 0.4233980228200260 



Table S3. The obtained parameters of Pb3O2Br2 atomic coordinates. 

Atom X Y Z 

Pb1 0.4202179399913980 0.2500000000000000 0.4236458691973263 

Pb2 0.0797820600086021 0.7500000000000000 0.9236458691973263 

Pb3 0.5797820600086023 0.7500000000000000 0.5763541308026737 

Pb4 0.9202179399913977 0.2500000000000000 0.0763541308026738 

Pb5 0.7114980490723395 0.2500000000000000 0.3629744891064018 

Pb6 0.7885019509276605 0.7500000000000000 0.8629744891064016 

Pb7 0.2885019509276606 0.7500000000000000 0.6370255108935984 

Pb8 0.2114980490723394 0.2500000000000000 0.1370255108935983 

Pb9 0.4433200753819853 0.2500000000000000 0.7922096347158220 

Pb10 0.0566799246180148 0.7500000000000000 0.2922096347158223 

Pb11 0.5566799246180149 0.7500000000000000 0.2077903652841779 

Pb12 0.9433200753819851 0.2500000000000000 0.7077903652841780 

O1 0.5763138769544298 0.9964180328279307 0.3864718997087028 

O2 0.9236861230455702 0.4964180328279306 0.8864718997087031 

O3 0.9236861230455702 0.0035819671720693 0.8864718997087031 

O4 0.4236861230455703 0.4964180328279306 0.6135281002912969 

O5 0.4236861230455703 0.0035819671720693 0.6135281002912969 

O6 0.0763138769544297 0.5035819671720693 0.1135281002912972 

O7 0.0763138769544297 0.9964180328279307 0.1135281002912972 

O8 0.5763138769544298 0.5035819671720693 0.3864718997087028 

Br1 0.6902822106419052 0.2500000000000000 0.6938209252107238 

Br2 0.8097177893580948 0.7500000000000000 0.1938209252107237 

Br3 0.3097177893580951 0.7500000000000000 0.3061790747892763 

Br4 0.1902822106419050 0.2500000000000000 0.8061790747892762 

Br5 0.6294465551676828 0.2500000000000000 0.0713850082791665 

Br6 0.8705534448323172 0.7500000000000000 0.5713850082791665 

Br7 0.3705534448323172 0.7500000000000000 0.9286149917208335 

Br8 0.1294465551676828 0.2500000000000000 0.4286149917208334 

Table S4. The obtained parameters of Pb3O2I2 atomic coordinates. 

Atom X Y Z 

Pb1 0.0279754050345063 0.2500000000000000 0.1505510721806704 

Pb2 0.4720245949654938 0.7500000000000000 0.6505510721806704 

Pb3 0.9720245949654936 0.7500000000000000 0.8494489278193296 

Pb4 0.5279754050345064 0.2500000000000000 0.3494489278193295 

Pb5 0.3380544331895737 0.2500000000000000 0.5261585322581450 

Pb6 0.1619455668104262 0.7500000000000000 0.0261585322581448 

Pb7 0.6619455668104262 0.7500000000000000 0.4738414677418551 

Pb8 0.8380544331895738 0.2500000000000000 0.9738414677418550 

Pb9 0.6073308692510272 0.2500000000000000 0.7921873739057215 

Pb10 0.8926691307489728 0.7500000000000000 0.2921873739057216 

Pb11 0.3926691307489729 0.7500000000000000 0.2078126260942784 

Pb12 0.1073308692510272 0.2500000000000000 0.7078126260942785 

I1 0.2411181127595374 0.2500000000000000 0.1716851851803514 

I2 0.2588818872404626 0.7500000000000000 0.6716851851803514 

I3 0.7588818872404627 0.7500000000000000 0.8283148148196486 

I4 0.7411181127595373 0.2500000000000000 0.3283148148196487 

I5 0.4347135857050545 0.2500000000000000 0.9083721835325103 

I6 0.0652864142949454 0.7500000000000000 0.4083721835325101 

I7 0.5652864142949452 0.7500000000000000 0.0916278164674898 

I8 0.9347135857050548 0.2500000000000000 0.5916278164674897 

O1 0.4248982250069957 0.0001581549454682 0.4177248966428499 

O2 0.0751017749930043 0.5001581549454681 0.9177248966428500 

O3 0.0751017749930043 -0.0001581549454681 0.9177248966428500 

O4 0.5751017749930045 0.5001581549454681 0.5822751033571500 

O5 0.5751017749930045 -0.0001581549454681 0.5822751033571500 

O6 0.9248982250069955 0.4998418450545317 0.0822751033571502 

O7 0.9248982250069955 0.0001581549454682 0.0822751033571502 

O8 0.4248982250069957 0.4998418450545317 0.4177248966428499 

 

 



Table S5. The obtained static dielectric matrix. 

Crystal X Y Z 

Pb3O2Cl2 

5.10792 0 0 

0 5.122361 0 

0 0 4.996154 

Pb3O2Br2 

5.697997 0 0 

0 5.623431 0 

0 0 5.453133 

Pb3O2I2 

6.322345 0 0 

0 6.448983 0 

0 0 6.171130 

 

Table S6. The obtained Born effective charges of Pb3O2Cl2. 

Crystal atom qxx qyy qzz 

Pb3O2Cl2 

O1 

-2.11584 -0.04772 0.22352 

-0.41283 -3.28532 -0.13238 

0.39632 0.10131 -2.27909 

O2 

-2.11584 0.04772 -0.22352 

0.41283 -3.28532 -0.13238 

-0.39632 0.10131 -2.27909 

O3 

-2.11584 -0.04772 -0.22352 

-0.41283 -3.28532 0.13238 

-0.39632 -0.10131 -2.27909 

O4 

-2.11584 0.04772 0.22352 

0.41283 -3.28532 0.13238 

0.39632 -0.10131 -2.27909 

Cl1 

-2.53999 0 -0.0095 

0 -1.61943 0 

-0.15136 0 -1.6015 

Cl2 

-2.53999 0 0.0095 

0 -1.61943 0 

0.15136 0 -1.6015 

Cl3 

-1.49253 0 -0.169 

0 -1.75796 0 

-0.25634 0 -2.03922 

Cl4 

-1.49253 0 0.169 

0 -1.75796 0 

0.25634 0 -2.03922 

Pb1 

2.89843 0 -0.2662 

0 3.54836 0 

-0.21271 0 2.46643 

Pb2 

2.89843 0 0.2662 

0 3.54836 0 

0.21271  2.46643 

Pb3 

2.56882 0 -0.15219 

0 3.12347 0 

-0.47045 0 2.75109 

Pb4 

2.56882 0 0.15219 

0 3.12347 0 

0.47045 0 2.75109 

Pb5 

2.79695 0 -0.25707 

0 3.27619 0 

-0.18067 0 2.98138 

Pb6 

2.79695 0 0.25707 

0 3.27619 0 

0.18067 0 2.98138 

 



 

Table S7. The obtained Born effective charges of Pb3O2Br2. 

Crystal atom qxx qyy qzz 

Pb3O2Br2 

O1 

-2.14091 -0.07709 0.24095 

-0.4672 -3.4366 -0.13938 

0.42822 0.03023 -2.39448 

O2 

-2.14091 0.07709 -0.24095 

0.4672 -3.4366 -0.13938 

-0.42822 0.03023 -2.39448 

O3 

-2.14091 -0.07709 -0.24095 

-0.4672 -3.4366 0.13938 

-0.42822 -0.03023 -2.39448 

O4 

-2.14091 0.07709 0.24095 

0.4672 -3.4366 0.13938 

0.42822 -0.03023 -2.39448 

Br1 

-2.80378 0 -0.00424 

0 -1.62696 0 

-0.10324 0 -1.60854 

Br2 

-2.80378 0 0.00424 

0 -1.62696 0 

0.10324 0 -1.60854 

Br3 

-1.40402 0 -0.15908 

0 -1.79283 0 

-0.30164 0 -2.14664 

Br4 

-1.40402 0 0.15908 

0 -1.79283 0 

0.30164 0 -2.14664 

Pb1 

2.8812 0 -0.21835 

0 3.68426 0 

-0.25242 0 2.50932 

Pb2 

2.8812 0 0.21835 

0 3.68426 0 

0.25242 0 2.50932 

Pb3 

2.50052 0 -0.13904 

0 3.27389 0 

-0.37698 0 3.00411 

Pb4 

2.50052 0 0.13904 

0 3.27389 0 

0.37698 0 3.00411 

Pb5 

3.10697 0 -0.31639 

0 3.33485 0 

-0.19102 0 3.03071 

Pb6 

3.10697 0 0.31639 

0 3.33485 0 

0.19102 0 3.03071 

 

Table S8. The obtained Born effective charges of Pb3O2I2. 

Crystal atom qxx qyy qzz 

Pb3O2I2 

O1 

-2.50878 0.29931 0.22778 

0.1664 -3.6608 -0.61266 

0.11855 -0.23359 -2.55461 

O2 

-2.50878 -0.29931 -0.22778 

-0.1664 -3.6608 -0.61266 

-0.11855 -0.23359 -2.55461 

O3 

-2.50878 0.29931 -0.22778 

0.1664 -3.6608 0.61266 

-0.11855 0.23359 -2.55461 



O4 

-2.50878 -0.29931 0.22778 

-0.1664 -3.6608 0.61266 

0.11855 0.23359 -2.55461 

I1 

-2.07598 0 -1.04704 

0 -1.81465 0 

-0.86623 0 -1385534 

I2 

-2.07598 0 1.04704 

0 -1.81465 0 

0.86623 0 -1385534 

I3 

-1.77951 0 -0.37329 

0 -1.56772 0 

-0.17454 0 -2.04128 

I4 

-1.77951 0 0.37329 

0 -1.56772 0 

0.17454 0 -2.04128 

I1 

2.99927 0 -0.41559 

0 3.67755 0 

-0.18939 0 2.76695 

Pb2 

2.99927 0 0.41559 

0 3.67755 0 

0.18939 0 2.76695 

Pb3 

3.65701 0 0.17498 

0 3.45576 0 

-0.04174 0 2.98908 

Pb4 

3.65701 0 -0.17498 

0 3.45576 0 

0.04174 0 2.98908 

Pb5 

2.21677 0 -0.22123 

0 3.57065 0 

0.10294 0 3.24982 

Pb6 

2.21677 0 0.22123 

0 3.57065 0 

-0.10294 0 3.24982 

 

Table S9. The obtained diagonal elements and the difference of Born effective charges. 

Crystal atom qxx qyy qzz Δq 

Pb3O2Cl2 

Cl1 -2.53999 -1.61943 -1.60150 -0.0179 

Cl2 -1.49253 -1.75796 -2.03922 0.28126 

Pb1 2.89843 3.54836 2.46643 1.08193 

Pb2 2.56882 3.12347 2.75109 0.37238 

Pb3 2.79695 3.27619 2.95138 0.29481 

Pb3O2Br2 

Br1 -2.80378 -1.62696 -1.60854 -1.19524 

Br2 -1.40402 -1.79283 -2.14664 0.74262 

Pb1 2.88212 3.68426 2.50932 0.37280 

Pb2 2.50052 3.27389 3.00411 -0.50359 

Pb3 3.10697 3.33485 3.03071 0.07626 

Pb3O2I2 

I1 -2.07598 -1.81465 -1.85534 0.04069 

I2 -1.77951 -1.56772 -2.04128 0.47356 

Pb1 2.99927 3.67755 2.76695 0.91060 

Pb2 3.65701 3.45576 2.98908 0.46668 

Pb3 2.21677 3.57065 3.24982 0.32083 

 



. 

Figure S1. The obtained band structures with and without concerning SOC. 

 


