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 2 
  

 
 

2.1.  
 

 2.1. – 2.16.  
 PbX, SiX2, GeX2, 

SnX2, Y2X3, Er2X3, La2X3  Pr2 3 (X – S, Se),  
 R2X3 – R'2X3 – PbX  

R2X3 – R'2X3 – DIVX2 (R – Y, Er; R' – La, Pr). 
 

 2.1. 
 PbS [3] 

 a 0,5940 ; 
 mFm3  

  
  x/a y/b z/c G 

Pb 4(a) 0 0 0 1,0 
S 4(b) 1/2 1/2 1/2 1,0 

 
 2.2. 

 PbSe [3] 
 a 0,6130 ; 

 mFm3  
  

  x/a y/b z/c G 
Pb 4(a) 0 0 0 1,0 
S 4(b) 1/2 1/2 1/2 1,0 

 
 2.3. 

 SiS2 [4] 
 a 0,9545 ; b 0,5564 ; c 0,5552 . 

 Ibam  
  

  x/a y/b z/c G 
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Si 4(a) 0 0 0,25 1,0 
S 8(j) 0,1182 0,2088 0 1,0 

 
 2.4. 

 SiSe2 [4] 
 a 0,9669 ; b 0,5998 ; c 0,5851 . 

 Ibam  
  

  x/a y/b z/c G 
Si 4(a) 0 0 0,25 1,0 
Se 8(j) 0,1234 0,2116 0 1,0 

 
 2.5. 

 GeS2 [5] 

 a 0,6720 ; b 1,6101 ;  
 = 90,88°; c 1,1436 . 

 cP /21  

  
  x/a y/b z/c G 

Ge 4(e) 0,3430 0,1531 0,2213 1,0 
Ge 4(e) 0,1714 0,1514 0,7798 1,0 
Ge 4(e) 0,8396 0,0026 0,7057 1,0 
Ge 4(e) 0,6734 0,3073 0,2777 1,0 
S 4(e) 0,6687 0,1773 0,2141 1,0 
S 4(e) 0,2790 0,0370 0,1226 1,0 
S 4(e) 0,2292 0,1126 0,3933 1,0 
S 4(e) 0,1726 0,2564 0,1369 1,0 
S 4(e) 0,4272 0,3319 0,4000 1,0 
S 4(e) 0,9211 0,3316 0,4020 1,0 
S 4(e) 0,6767 0,3909 0,1236 1,0 
S 4(e) 0,1661 0,4745 0,2011 1,0 

 
 2.6. 

 GeSe2 [6] 

 a 0,7016 ; b 1,6796 ;  
 = 90,88°; c 1,1831 . 
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 cP /21  

  
  x/a y/b z/c G 

Ge 4(e) 0,3442 0,1537 0,2209 1,0 
Ge 4(e) 0,1717 0,1494 0,7773 1,0 
Ge 4(e) 0,8414 0,0008 0,7017 1,0 
Ge 4(e) 0,6752 0,3090 0,2734 1,0 
Se 4(e) 0,6757 0,1770 0,2095 1,0 
Se 4(e) 0,2778 0,0357 0,1191 1,0 
Se 4(e) 0,2305 0,1156 0,4002 1,0 
Se 4(e) 0,1647 0,2559 0,1326 1,0 
Se 4(e) 0,4278 0,3302 0,4028 1,0 
Se 4(e) 0,9199 0,3373 0,4048 1,0 
Se 4(e) 0,6751 0,3926 0,1145 1,0 
Se 4(e) 0,1738 0,4779 0,1939 1,0 

 
 

 2.7. 
 SnS2 [7] 

 ba 0,3643 ; c 0,5894 . 
 13mP  

  
  x/a y/b z/c G 

Sn 1(a) 0 0 0 1,0 
S 2(d) 1/3 2/3 0,250 1,0 

 
 

 2.8. 
 SnSe2 [8] 

 ba 0,3811 ; c 0,6136 . 
 13mP  

  
  x/a y/b z/c G 

Sn 1(a) 0 0 0 1,0 
Se 2(d) 1/3 2/3 0,249 1,0 

 
 



 18

 2.9. 
 Y2S3 [9] 

 
a 1,75234 ; b  0,40107 ;  
 = 98,60°; c 1,01736 . 

 mP /21  

  
  x/a y/b z/c G 

Y 2(e) 0,0203 1/4 0,1889 1,0 
Y 2(e) 0,4301 1/4 0,1250 1,0 
Y 2(e) 0,7810 1/4 0,8289 1,0 
Y 2(e) 0,7202 1/4 0,1869 1,0 
S 2(e) 0,3980 1/4 0,4868 1,0 
S 2(e) 0,1153 1/4 0,5493 1,0 
S 2(e) 0,5757 1/4 0,0514 1,0 
S 2(e) 0,8731 1/4 0,2674 1,0 
S 2(e) 0,9667 1/4 0,6153 1,0 
S 2(e) 0,2817 1/4 0,6371 1,0 
S 2(e) 0,2680 1/4 0,0077 1,0 
S 2(e) 0,6302 1/4 0,7109 1,0 
S 2(e) 0,9242 1/4 0,9505 1,0 
S 2(e) 0,1845 1/4 0,3206 1,0 
S 2(e) 0,5317 1/4 0,3663 1,0 

 
 

 2.10. 
 Y2Se3 [10] 

 a 8,170 ; b 1,1455 ; c 2,4380 . 
 zFddd  

  
  x/a y/b z/c G 

Y 16(g) 0,125 0,125 0,0439 1,0 
Y 16(g) 0,125 0,125 0,0408 1,0 
Se 32(h) 0,125 0,125 0,3761 1,0 
Se 32(h) 0,3697 0,125 0,125 1,0 
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 2.11. 
 Er2S3 [11] 

 
a 1,0072 ; b  0,3976 ;  
 = 98,66°; c 1,7389 . 

 mP /21  

  
  x/a y/b z/c G 

Er 2(e) 0,8130 1/4 0,2796 1,0 
Er 2(e) 0,1705 1/4 0,2188 1,0 
Er 2(e) 0,5132 1/4 0,6014 1,0 
Er 2(e) 0,8110 1/4 0,9794 1,0 
S 2(e) 0,4508 1/4 0,8849 1,0 
S 2(e) 0,8755 1/4 0,5700 1,0 
S 2(e) 0,0481 1/4 0,0762 1,0 
S 2(e) 0,9474 1/4 0,4244 1,0 
S 2(e) 0,6795 1/4 0,8171 1,0 
S 2(e) 0,7321 1/4 0,1269 1,0 
S 2(e) 0,3630 1/4 0,7176 1,0 
S 2(e) 0,6331 1/4 0,4685 1,0 
S 2(e) 0,9925 1/4 0,7323 1,0 
S 2(e) 0,2892 1/4 0,3688 1,0 
S 2(e) 0,3847 1/4 0,0335 1,0 

 
 

 2.12. 
 Er2Se3 [12] 

 a 0,8085 ; b 1,1346 ; c 2,4140 . 
 zFddd  

  
  x/a y/b z/c G 

Er 16(g) 0 0 0,9160 1,0 
Er 16(g) 0 0 0,2527 1,0 
Se 16(f) 0 0,2442 0 1,0 
Se 32(h) 0,2480 0,5068 0,5813 1,0 
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 2.13. 
 La2S3 [13] 

 a 0,7660 ; b 0,4220 ; c 1,5950 . 
 Pnma 

  
  x/a y/b z/c G 

La 4(c) 0,7650 1/4 0,9450 1,0 
La 4(c) 0,1460 1/4 0,2040 1,0 
S 4(c) 0,0090 1/4 0,3910 1,0 
S 4(c) 0,1440 1/4 0,7790 1,0 
S 4(c) 0,9710 1/4 0,5660 1,0 

 
 2.14. 

 La2Se3 [13] 
 a 0,7493 ; b 0,4055 ; c 1,5616 . 

 Pnma 
  

  x/a y/b z/c G 
La 12(a) 0,3750 0 1/4 0,904 
Se 16(c) 0,5739 0,5739 0,5739 1,0 

 
 2.15. 

 Pr2S3 [14] 
 a 0,89117 . 

 dI 34  
  

  x/a y/b z/c G 
Pr 4(c) 0,1415 1/4 0,2046 1,0 
Pr 4(c) 0,2642 1/4 0,9560 1,0 
S 4(c) 0,0084 1/4 0,3909 1,0 
S 4(c) 0,3723 1/4 0,5672 1,0 
S 4(c) 0,1472 1/4 0,7804 1,0 

 
 2.16. 

 Pr2Se3 [15] 
 a 0,89117 . 

 dI 34  
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  x/a y/b z/c G 

Pr 12(a) 0,3750 0 1/4 0,9 
Se 16(c) 0,3234 0,3234 0,3234 1,0 

 
2.2.  

 
 2.17. – 2.38.  

,  
 Y2X3 – PbX, Er2X3 – PbX, La2X3 – PbX, Pr2X3 – 

PbX, Y2X3 – SiX2, Er2X3 – SiX2, La2X3 – SiX2, Pr2X3 – SiX2, 
Y2X3 – GeX2, Er2X3 –  GeX2, La2X3 – GeX2, Pr2X3 –  GeX2, 
Y2X3 – SnX2, Er2X3 – SnX2, La2X3 – SnX2  Pr2X3 – SnX2 (X – 
S, Se).  

 R2X3 – R'2X3 – PbX  R2X3 – R'2X3 – 
DIVX2 (R – Y, Er; R' – La, Pr). 

 
 2.17. 

 Y2PbS4 [16] 
 a 0,7930 ; b 2,8698 ; c 1,20511 . 

 12Cmc  

  
  x/a y/b z/c G 

Y 8(b) 0,2490 0,0762 0,2670 1,0 
Y 4(a) 0 0,0694 0,9111 1,0 
Y 4(a) 0 0,5713 0,9336 1,0 
Y 8(b) 0,2570 0,1796 0,7864 1,0 
Y 4(a) 0 0,6738 0,4359 1,0 
Y 4(a) 0 0,1772 0,4261 1,0 
Pb 4(a) 0 0,0477 0,5596 1,0 
Pb 4(a) 0 0,5375 0,6271 1,0 
Pb 8(b) 0,2351 0,2062 0,1323 1,0 
Pb 8(b) 0,2480 0,2093 0,0918 1,0 
S 8(b) 0,2490 0,0374 0,0608 1,0 
S 4(a) 0 0,6426 0,2270 1,0 
S 4(a) 0 0,1649 0,9380 1,0 
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S 4(a) 0 0,6630 0,9520 1,0 
S 8(b) 0,2520 0,0870 0,7589 1,0 
S 4(a) 0 0,0187 0,3370 1,0 
S 4(a) 0 0,5163 0,3110 1,0 
S 8(b) 0,2610 0,2365 0,3720 1,0 
S 4(a) 0 0,1338 0,2290 1,0 
S 8(b) 0,2310 0,1161 0,4776 1,0 
S 4(a) 0 0,7056 0,6580 1,0 
S 4(a) 0 0,2162 0,6450 1,0 

 
 2.18. 

 Y6Pb2Se11 [17] 
 a 0,4062 ; b 1,3467 ; c 3,7624 . 

 Cmcm  
  

  x/a y/b z/c G 
Y 8(f) 0 0,0257 0,6333 1,0 
Y 8(f) 0 0,2462 0,1814 1,0 
Y 4(a) 0 0 0 1,0 
Y 8(f) 0 0,2761 0,5571 0,5 
Pb 8(f) 0 0,2761 0,5571 0,5 
Pb 4(c) 0 0,5148 0,2500 1,0 
Se 8(f) 0 0,0810 0,0690 1,0 
Se 8(f) 0 0,1203 0,7007 1,0 
Se 8(f) 0 0,3394 0,1123 1,0 
Se 8(f) 0 0,3575 0,0152 1,0 
Se 8(f) 0 0,6047 0,1622 1,0 
Se 4(c) 0 0,1629 0,2500 1,0 

 
 2.19. 

 Er2PbS4 [16] 
 a 0,7863 ; b 2,8525 ; c 1,1995 . 

 12Cmc  

  
  x/a y/b z/c G 

Er 8(b) 0,2494 0,0758 0,2693 1,0 
Er 4(a) 0 0,0694 0,9122 1,0 
Er 4(a) 0 0,5701 0,9217 1,0 
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Er 8(b) 0,2503 0,1801 0,7869 1,0 
Er 4(a) 0 0,6741 0,4369 1,0 
Er 4(a) 0 0,1752 0,4343 1,0 
Pb 4(a) 0 0,0463 0,5653 1,0 
Pb 4(a) 0 0,5380 0,6213 1,0 
Pb 8(b) 1/4 0,2068 0,1260 1,0 
Pb 8(b) 1/4 0,2079 0,0949 1,0 
S 8(b) 1/4 0,0392 0,0593 1,0 
S 4(a) 0 0,6396 0,2273 1,0 
S 4(a) 0 0,1640 0,9384 1,0 
S 4(a) 0 0,6650 0,9406 1,0 
S 8(b) 0,2523 0,0881 0,7655 1,0 
S 4(a) 0 0,0191 0,3389 1,0 
S 4(a) 0 0,5151 0,3137 1,0 
S 8(b) 0,2520 0,2332 0,3776 1,0 
S 4(a) 0 0,1391 0,2224 1,0 
S 8(b) 0,2483 0,1118 0,4793 1,0 
S 4(a) 0 0,7077 0,6471 1,0 
S 4(a) 0 0,2080 0,6486 1,0 

 
 
 

 2.20. 
 Er2PbSe4 [18] 

 a 1,2541 ; b 0,4081 ; c 1,4865 . 
 Pnma  

  
  x/a y/b z/c G 

Er 4(c) 0,4381 1/4 0,3905 1,0 
Er 4(c) 0,4160 1/4 0,9041 1,0 
Pb 4(c) 0,7904 1/4 0,3369 0,5 
Pb 4(c) 0,7312 1/4 0,3213 0,5 
Se 4(c) 0,2061 1/4 0,8316 1,0 
Se 4(c) 0,1286 1/4 0,5305 1,0 
Se 4(c) 0,5259 1/4 0,2150 1,0 
Se 4(c) 0,4099 1/4 0,5766 1,0 
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 2.21. 
 La2PbS4 [19] 

 a 0,8767 . 
 dI 34  

  
  x/a y/b z/c G 

La 12(a) 0,3750 0 1/4 0,667 
Pb 12(a) 0,3750 0 1/4 0,333 
S 16(c) 0,5830 0,5830 0,5830 1,0 

 
 2.22. 

 La2PbS 4 [19] 
 a 0,9106 . 

 dI 34  
  

  x/a y/b z/c G 
La 12(a) 0,3750 0 1/4 0,667 

 
 2.23. 

 Pr2PbS4 [19] 
 a 0,8675 . 

 dI 34  
  

  x/a y/b z/c G 
Pr 12(a) 0,3750 0 1/4 0,667 
Pb 12(a) 0,3750 0 1/4 0,333 
Se 16(c) 0,5830 0,5830 0,5830 1,0 

 
 2.24. 

 Pr2PbSe4 [19] 
 a 0,89916 . 

 dI 34  
  

  x/a y/b z/c G 
Pr 12(a) 0,3750 0 1/4 0,667 
Pb 12(a) 0,3750 0 1/4 0,333 
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Se 16(c) 0,5830 0,5830 0,5830 1,0 
 

 2.25. 
 Y3Si1,25S7 [20] 

 ba 0,9750 ; c 0,5700 . 

 36P  

  
  x/a y/b z/c G 

Y 6(c) 0,1320 0,3590 0,2500 1,0 
Si 2(a) 0 0 0,9990 0,25 
Si 2(b) 1/3 2/3 0,6560 1,0 
S 6(c) 0,0970 0,2470 0,7850 1,0 
S 6(c) 0,4220 0,5350 0,5350 1,0 
S 2(b) 1/3 2/3 0,0140 1,0 

 
 2.26. 

 Y3Ge1,25S7 [21] 
 ba 0,9730 ; c 0,5826 . 

 36P  

  
  x/a y/b z/c G 

Y 6(c) 0,2184 0,3580 0,7572 1,0 
Ge 2(a) 0 0 0,9433 0,25 
Ge 2(b) 1/3 2/3 0,3333 1,0 
S 6(c) 0,8991 0,1514 0,7091 1,0 
S 6(c) 0,4263 0,9042 0,4928 1,0 
S 2(b) 1/3 2/3 0,9583 1,0 

 
 2.27. 

 La2SiS5 [22] 

 
a 0,76208 ; b 1,26407 ;  
 = 101,559°; c 0,78998 . 

 cP /21  

  
  x/a y/b z/c G 

La 4(e) 0,7405 0,0953 0,0456 1,0 
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La 4(e) 0,6649 0,6652 0,1336 1,0 
Si 4(e) 0,8303 0,3835 0,0962 1,0 
S 4(e) 1,0231 0,2740 0,0506 1,0 
S 4(e) 0,9213 0,5003 0,2816 1,0 
S 4(e) 0,3608 0,1210 0,0020 1,0 
S 4(e) 0,6756 0,4703 -0,1116 1,0 
S 4(e) 0,6283 0,2981 0,1954 1,0 

 
 2.28. 

 La6Si4Se7 [23] 

 
a 0,94333 ;  = 81,906°; 
b 1,04482 ;  = 87,475°; 
c 1,49866 ;  = 89,499°. 

 1P  
  

  x/a y/b z/c G 
La 4(i) 0,9515 0,2386 0,0015 1,0 
La 4(i) 0,3962 0,1154 0,1864 1,0 
La 4(i) 0,4887 0,7361 0,5336 1,0 
La 4(i) 0,1349 0,4397 0,3229 1,0 
La 4(i) 0,5862 0,5808 0,1642 1,0 
La 4(i) 0,1675 0,0877 0,6579 1,0 
Si 4(i) 0,2502 0,4415 0,0793 1,0 
Si 4(i) 0,2224 0,4451 0,6080 1,0 
Si 4(i) 0,2498 0,9941 0,4155 1,0 
Si 4(i) 0,7322 0,9410 0,0992 1,0 
Se 4(i) 0,1781 0,0157 0,0461 1,0 
Se 4(i) 0,3179 0,5223 0,4678 1,0 
Se 4(i) 0,8436 0,5003 0,0584 1,0 
Se 4(i) 0,4373 0,3581 0,2808 1,0 
Se 4(i) 0,4638 0,3495 0,0487 1,0 
Se 4(i) 0,3943 0,2975 0,6585 1,0 
Se 4(i) 0,1963 0,1911 0,4578 1,0 
Se 4(i) 0,1179 0,2835 0,1654 1,0 
Se 4(i) 0,7502 0,1212 0,1704 1,0 
Se 4(i) 0,1272 0,2199 0,8308 1,0 
Se 4(i) 0,4900 0,0048 0,3791 1,0 
Se 4(i) 0,5069 0,8739 0,1130 1,0 
Se 4(i) 0,1926 0,8579 0,5418 1,0 
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Se 4(i) 0,2452 0,6240 0,1496 1,0 
Se 4(i) 0,8135 0,4113 0,2941 1,0 
Se 4(i) 0,1472 0,9578 0,2884 1,0 
Se 4(i) 0,0121 0,3454 0,5981 1,0 

 
 2.29. 

 La3Ge1,25S7 [24] 
 ba 1,0297 ; c 0,5812 . 

 36P  

  
  x/a y/b z/c G 

La 6(c) 0,3570 0,1269 0,2350 1,0 
Ge 2(a) 0 0 1,0000 0,25 
Ge 2(b) 1/3 2/3 0,1530 1,0 
S 6(c) 0,1570 0,2429 0,2510 1,0 
S 6(c) 0,1071 0,5216 0,0060 1,0 
S 2(b) 1/3 2/3 0,5270 1,0 

 
 

 2.30. 
 La2GeS5 [25] 

 a 0,7887 ; b 1,2720 ; 
 = 101,4°; c 0,7675 . 

 cP /21  

  
  x/a y/b z/c G 

La 4(e) 0,0419 0,2395 0,0935 1,0 
La 4(e) 0,3649 0,8401 0,1667 1,0 
Ge 4(e) 0,5912 0,3380 0,1165 1,0 
S 4(e) 0,3815 0,1706 0,0259 1,0 
S 4(e) 0,5004 0,8613 0,3790 1,0 
S 4(e) 0,2163 0,5784 0,0061 1,0 
S 4(e) 0,6977 0,1287 0,2051 1,0 
S 4(e) 0,5474 0,5349 0,2326 1,0 
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 2.31. 
 La4Ge3S12 [26] 

 ba 1,9400 ; c 0,8100 . 
 cR3  

  
  x/a y/b z/c G 

La 6(a) 0 0 1,0000 1,0 
La 18(b) 0,0030 0,2307 0,2028 1,0 
Ge 18(b) 0,2000 0,1875 0,1523 1,0 
S 18(b) 0,1549 0,3789 0,1618 1,0 
S 18(b) 0,1246 0,0643 0,2511 1,0 
S 18(b) 0,1145 0,2005 0,9974 1,0 
S 18(b) 0,3960 0,0593 0,1817 1,0 

 
 2.32. 

 La3Ge1,25Se7 [27] 
 ba 1,0670 ; c 0,6100 . 

 36P  

  
  x/a y/b z/c G 

La 6(c) 0,1230 0,3570 0,2500 1,0 
Ge 2(a) 0 0 0,2780 0,625 
Ge 2(b) 1/3 2/3 0,6640 0,625 
Se 6(c) 0,0850 0,2500 0,7610 1,0 
Se 6(c) 0,4100 0,5260 0,5230 1,0 
Se 2(b) 1/3 2/3 0,0240 1,0 

 
 2.33. 

 La3Sn1,25S7 [24] 
 ba 1,0277 ; c 0,6003 . 

 36P  

  
  x/a y/b z/c G 

La 6(c) 0,3573 0,2222 0,2220 1,0 
Sn 2(a) 0 0 1,0000 0,25 
Sn 2(b) 1/3 2/3 0,6640 1,0 
Se 6(c) 0,0945 0,2457 0,2487 1,0 
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Se 6(c) 0,5161 0,0903 0,4845 1,0 
Se 2(b) 1/3 2/3 0,5373 1,0 

 
 2.34. 

 La2SnS5 [28] 
 a 0,1122 ; b 0,7915 ; c 0,3960 . 

 Pbam  
  

  x/a y/b z/c G 
La 4(h) 0,3311 0,0743 1/2 1,0 
Sn 2(a) 0 0 0 1,0 
S 2(c) 0 1/2 0 1,0 
S 4(g) 0,2984 0,3571 0 1,0 
S 4(h) 0,0694 0,1869 1/2 1,0 

 
 2.35. 

 Pr4Si3S12 [29] 
 ba 1,9110 ; c 0,7930 . 

 cR3  
  

  x/a y/b z/c G 
Si 18(b) 0,2010 0,1860 0,1530 1,0 
Pr 6(a) 0 0 1,0000 1,0 
Pr 18(b) 0,0020 0,2310 0,2030 1,0 
S 18(b) 0,1540 0,3810 0,1650 1,0 
S 18(b) 0,1260 0,0670 0,2470 1,0 
S 18(b) 0,1180 0,2020 0,0060 1,0 
S 18(b) 0,3980 0,0660 0,1770 1,0 

 
 2.36. 

 Pr3Si1,25Se7 [30] 
 ba 1,05268 ; c 0,60396 . 

 36P  

  
  x/a y/b z/c G 

Pr 6(c) 0,2296 0,3565 0,7390 1,0 
Si 2(a) 0 0 0,9900 0,25 
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Si 2(b) 1/3 2/3 0,3330 1,0 
Se 6(c) 0,9081 0,1558 0,7280 1,0 
Se 6(c) 0,4188 0,8975 0,4800 1,0 
Se 2(b) 1/3 2/3 0,9510 1,0 

 
 

 2.37. 
 Pr4Ge3S12 [31] 

 ba 1,92856 ; c 0,79805 . 
 cR3  

  
  x/a y/b z/c G 

Pr 6(a) 0 0 1,0000 1,0 
Pr 18(b) 0,0038 0,2316 0,2033 1,0 
Ge 18(b) 0,1991 0,1862 0,1553 1,0 
S 18(b) 0,1536 0,3788 0,1601 1,0 
S 18(b) 0,1228 0,0643 0,2452 1,0 
S 18(b) 0,1177 0,2032 0,9923 1,0 
S 18(b) 0,3954 0,0592 0,1843 1,0 

 
 

 2.38. 
 Pr3Ge1,25Se7 [32] 

 ba 1,0590 ; c 0,6060 . 

 36P  

  
  x/a y/b z/c G 

Pr 6(c) 0,1340 0,3650 0,2500 1,0 
Ge 2(a) 0 0 0,0160 0,5 
Ge 2(b) 1/3 2/3 0,6640 1,0 
Se 6(c) 0,0900 0,2460 0,7680 1,0 
Se 6(c) 0,4180 0,5210 0,5230 1,0 
Se 2(b) 1/3 2/3 0,0370 1,0 
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 3 
 R2X3 – R'2X3 – Ge(Si)X2  

(R – Y, Tb, Dy, Ho, Er; R' – La, Pr; X – S, Se) 
 

3.1.   
3.1.1.  R2S3 – R'2S3 – PbS [33 - 36]  

 R2S3 – 
R'2S3 – PbS (R – La, Pr; R' – Y, Er)  770  

 3.1-3.4.  
 

3.1.-3.4. 
 

 
 

. 3.1.  Y2S3 – La2S3 – PbS 
 770 . 
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. 3.2.  Y2S3 – Pr2S3 – PbS  

 770 . 
 

 
. 3.3.  Er2S3 – La2S3 – PbS  

 770 . 
 



 33

 
. 3.4.  Er2S3 – Pr2S3 – PbS 

 770 . 
 

 3.1. 
 Y2S3 – La2S3 – PbS  

 770  
 

  

1 PbS 
2 Y2PbS4 
3 Y2S3 
4 La2S3 
5 La2+2/3xPb1–xS4 (x = 0÷0,86) 
6 PbS + Y2PbS4 
7 Y2S3 + Y2PbS4 
8 Y2S3 + La2S3 
9 La2S3 + La2,57Pb0,14S4 
10 PbS + La2PbS4 
11 Y2PbS4 + La2PbS4 
12 Y2S3 + La2+2/3xPb1–xS4 (x = 0÷0,86) 
13 PbS + Y2PbS4 + La2PbS4 
14 Y2S3 + Y2PbS4 + La2PbS4 
15 Y2S3 + La2S3 + La2,57Pb0,14S4 
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 3.2. 
 Y2S3 – Pr2S3 – PbS  

 770  
 

  

1 PbS 
2 Y2PbS4 
3 Y3,5+ Pr1-xS6,8 (x = 0÷1) 
4 Pr2S3 
5 Pr2+2/3xPb1-xS4 (x = 0÷0,78) 
6 PbS + Y2PbS4 
7 PbS + Pr2PbS4 
8 Y2PbS4 + Pr2PbS4 
9 Y2S3 + Y2PbS4 
10 Y3,5+ Pr1-xS6,8 (x = 0÷1) + Pr2+2/3xPb1-xS4 (x = 0÷0,78) 
11 Pr2S3 + Pr2+2/3xPb1-xS4 (x = 0,78) 
12 Y3,5+ Pr1-xS6,8 (x = 0) + Pr2S3 
13 PbS + Y2PbS4 + Pr2PbS4 
14 Y2S3 + Y2PbS4 + Pr2PbS4 
15 Y4+ Pr1-xS7,5(x = 0) + Pr2S3 + Pr2+2/3xPb1-xS4 (x = 0,78) 

 
 3.3. 

 Er2S3 – La2S3 – PbS  
 770  

 
  

1 PbS 
2  
3 Er3+ La1-xS6(x = 0÷1) 
4 La2S3 
5 La2+2/3xPb1-xS4 (x = 0÷0,86) 
6 PbS +  
7 PbS + La2PbS4 
8  + La2PbS4 
9 Er2S3 +  
10 Er3+ La1-xS6(x = 0÷1) + La2+2/3xPb1-xS4 (x =  0÷0,86) 
11 La2S3 + La2+2/3xPb1-xS4 (x = 0,86) 
12 Er3+ La1-xS6 (x = 0) + La2S3 
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13 PbS +  + La2PbS4 
14 Er2S3 +  + La2PbS4 
15 Er3+ La1-xS6(x = 0)  + La2+2/3xPb1-xS4 (x = 0,86) + La2S3 

 
 3.4. 

 Er2S3 – Pr2S3 – PbS  
 770  

 
  

1 PbS 
2 Er 2PbS4 
3 Er 3,5+ Pr1-xS6,8 (x = 0÷1) 
4 Pr2S3 
5 Pr2+2/3xPb1-xS4 (x = 0÷0,78) 
6 PbS + Er 2PbS4 
7 PbS + Pr2PbS4 
8 Er 2PbS4 + Pr2PbS4 
9 Er 2S3 + Er 2PbS4 
10 Er 3,5+ Pr1-xS6,8 (x = 0÷1) + Pr2+2/3xPb1-xS4 (x = 0÷0,78) 
11 Pr2S3 + Pr2+2/3xPb1-xS4 (x = 0,78) 
12 Er 3,5+ Pr1-xS6,8 (x = 0) + Pr2S3 
13 PbS + Er 2PbS4 + Pr2PbS4 
14 Er 2S3 + Er 2PbS4 + Pr2PbS4 
15 Er 4+ Pr1-xS7,5(x = 0) + Pr2S3 + Pr2+2/3xPb1-xS4 (x = 0,78) 

 
3.1.2.  R2Se3 – R'2Se3 – PbSe [37], [38] 

   R2Se3 – 
R'2Se3 – PbSe (R – La, Pr;  R'  – Y, Er)  770  

 3.5-3.8.  
 3.5.-3.8. 
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. 3.5.  Y2Se3 – La2Se3 – 

PbSe  770 . 
 

 
. 3.6.  Y2Se3 – Pr2Se3 – 

PbSe  770 . 
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. 3.7.  Er2Se3 – La2Se3 – 

PbSe  770 . 
 

 
. 3.8.  Er2Se3 – Pr2Se3 – 

PbSe  770 . 
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 3.5. 
 Y2Se3 – La2Se3 – PbSe  

 770  
 

  

1 PbSe 
2 Y6Pb2Se11 
3 Y2Se3 
4  
5 PbSe + Y6Pb2Se11 
6 Y2Se3 + Y6Pb2Se11 
7  + PbSe 
8 Y6Pb2Se11+ , 
9 Y2Se3 +  
10 PbSe + Y6Pb2Se11 +  
11 Y2Se3 + Y6Pb2Se11 +  

 
 

 3.6. 
 Y2Se3 – Pr2Se3 – PbSe  

 770  
 

  

1 PbSe 
2 Y6Pb2Se11 
3 Y2Se3 
4  
5 PbSe + Y6Pb2Se11 
6 Y2Se3 + Y6Pb2Se11 
7  + PbSe 
8 Y6Pb2Se11+  
9 Y2Se3 +  
10 PbSe + Y6Pb2Se11 +  
11 Y2Se3 + Y6Pb2Se11 +  
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 3.7. 
 Er2Se3 – La2Se3 – PbSe  

 770  
 

  

1 PbSe 
2 Er2PbSe4 
3 Er2Se3 
4 La2+2/3xPb1-xSe4 (x = 0÷1) 
5 PbSe + Er2PbSe4 
6 Er2Se3 + Er2PbSe4 
7 PbSe + La2+2/3xPb1-xSe4 (x = 1) 
8 Er2PbSe4 + La2+2/3xPb1-xSe4 (x = 1) 
9 Er2Se3 + La2+2/3xPb1-xSe4 (x = 0÷1) 
10 PbSe + Er2PbSe4 + La2+2/3xPb1-xSe4 (x = 1) 
11 Er2Se3 + Er2PbSe4 + La2+2/3xPb1-xSe4 (x = 1) 

 
 3.8. 

 Er2Se3 – Pr2Se3 – PbSe  
 770  

 
  

1 PbSe 
2 Er2PbSe4 
3 Er2Se3 
4  
5 PbSe + Er2PbSe4 
6 Er2Se3 + Er2PbSe4 
7 PbSe + Pr2PbSe4 
8 Er2PbSe4 +  
9 Er2Se3 +  
10 PbSe + Er2PbSe4 +  
11 Er2Se3 + Er2PbSe4 +  

 
3.1.3.  R2S3 – R'2S3 – SiS2 [39], [40] 

 R2S3 – 
R'2S3 –  SiS2 (R  –  La,  Pr;  R'  –  Y,  Er)   770   

 3.9-3.11.  
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 3.9.-3.11. 

 
. 3.9.  Y2S3 – La2S3 – SiS2  

 770 . 
 

 
. 3.10.  Er2S3 – La2S3 – SiS2  

 770 . 
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. 3.11.  Er2S3 – Pr2S3 – SiS2  

 770 . 
 

 3.9. 
 Y2S3 – La2S3 – SiS2  

 770  
 

  

1 SiS2 
2 Y2S3 
3 La2S3 
4 Y3Si1,25S7 
5 La2SiS5 
6 SiS2 + Y3Si1,25S7 
7 Y2S3 + Y3Si1,25S7 
8 Y2S3 + La2S3 
9 La2S3 + La2SiS5 
10 SiS2 + La2SiS5 
11 Y3Si1,25S7 + La2SiS5 
12 Y2S3 + La2SiS5 
13 SiS2 + Y3Si1,25S7 + La2SiS5 
14 Y2S3 + Y3Si1,25S7 + La2SiS5 
15 Y2S3 + La2S3 + La2SiS5 
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 3.10. 
 Er2S3 – La2S3 – SiS2  

 770  
 

  

1 SiS2 
2 Er 3,5+ La1-xS6,8 (x = 0÷1) 
3 La2S3 
4 La2SiS5 
5 SiS2 + Er2S3 
6 Er 3,5+ La1-xS6,8 (x = 1) + La2S3 
7 La2S3 + La2SiS5 
8 SiS2 + La2SiS5 
9 Er 3,5+ La1-xS6,8 (x = 0÷1) + La2SiS5 
10 SiS2 + Er 3,5+ La1-xS6,8 (x = 1) + La2SiS5 
11 Er 3,5+ La1-xS6,8 (x = 0) + La2S3 + La2SiS5 

 
 3.11. 

 Er2S3 – Pr2S3 – SiS2  
 770  

 
  

1 SiS2 
2 Er2S3 
3 Pr2S3 
4 Pr4Si3S12 
5 SiS2 + Er2S3 
6 Er2S3 + Pr2S3 
7 Pr2S3 + Pr4Si3S12 
8 SiS2 + Pr4Si3S12 
9 Er2S3 + Pr4Si3S12 
10 SiS2 + Er2S3 + Pr4Si3S12 
11 Er2S3 + Pr2S3 + Pr4Si3S12 

 
3.1.4.  R2Se3 – R’2Se3 – SiSe2 [37], [41] 

   R2Se3 – 
R'2Se3 – SiSe2 (R – La, Pr; R' – Y, Er)  770  

 3.12-3.15.  
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 3.12-3.15. 

 
. 3.12.  Y2Se3 – La2Se3 – 

SiSe2  770 . 
 

 
. 3.13.  Y2Se3 – Pr2Se3 – 

SiSe2  770 . 
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. 3.14.  Er2Se3 – La2Se3 – 

SiSe2  770 . 
 

 
. 3.15.  Er2Se3 – Pr2Se3 – 

SiSe2  770 . 
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 3.12. 
 Y2Se3 – La2Se3 – SiSe2  

 770  
 

  

1 SiSe2 
2 Y2Se3 
3 La2Se3 
4 La6Si4Se17 
5 Y2Se3 + SiSe2 
6 Y2Se3 + La2Se3 
7 La2Se3 + La6Si4Se17 
8 SiSe2 + La6Si4Se17 
9 SiSe2 + Y1,5La1,5Si1,75Se7 

10 La6Si4Se17 + Y1,5La1,5Si1,75Se7 
11 Y2Se3 + Y1,5La1,5Si1,75Se7 
12 La2Se3 + Y1,5La1,5Si1,75Se7 
13 Y2Se3 + SiSe2 + Y1,5La1,5Si1,75Se7 
14 SiSe2 + La6Si4Se17 + Y1,5La1,5Si1,75Se7 
15 La2Se3 + La6Si4Se17 + Y1,5La1,5Si1,75Se7 
16 Y2Se3 + La2Se3 + Y1,5La1,5Si1,75Se7 

 
 3.13. 

 Y2Se3 – Pr2Se3 – SiSe2  
 770  

 
  

1 SiSe2 
2 Y2Se3 
3 Pr2Se3 
4 Pr3Si1,25Se7 
5 Y2Se3 + SiSe2 
6 Y2Se3 + Pr2Se3 
7 Pr2Se3 + Pr3Si1,25Se7 
8 SiSe2 + Pr3Si1,25Se7 
9 SiSe2 + Y1,5Pr1,5Si1,75Se7 
10 Pr3Si1,25Se7 + Y1,5Pr1,5Si1,75Se7 
11 Y2Se3 + Y1,5Pr1,5Si1,75Se7 
12 Pr2Se3 + Y1,5Pr1,5Si1,75Se7 
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13 Y2Se3 + SiSe2 + Y1,5Pr1,5Si1,75Se7 
14 SiSe2 + Pr3Si1,25Se7 + Y1,5Pr1,5Si1,75Se7 
15 Pr2Se3 + Pr3Si1,25Se7 + Y1,5Pr1,5Si1,75Se7 
16 Y2Se3 + Pr2Se3 + Y1,5Pr1,5Si1,75Se7 

 
 3.14. 

 Er2Se3 – La2Se3 – SiSe2  
 770  

 
  

1 SiSe2 
2 Er2Se3 
3 La2Se3 
4 La6Si4Se17 
5 Er2Se3 + SiSe2 
6 Er2Se3 + La2Se3 
7 La2Se3 + La6Si4Se17 
8 SiSe2 + La6Si4Se17 
9 SiSe2 + Er1,5La1,5Si1,67Se7 

10 La6Si4Se17 + Er1,5La1,5Si1,67Se7 
11 Er2Se3 + Er1,5La1,5Si1,67Se7 
12 La2Se3 + Er1,5La1,5Si1,67Se7 
13 Er2Se3 + SiSe2 + Er1,5La1,5Si1,67Se7 
14 SiSe2 + La6Si4Se17 + Er1,5La1,5Si1,67Se7 
15 La2Se3 + La6Si4Se17 + Er1,5La1,5Si1,67Se7 
16 Er2Se3 + La2Se3 + Er1,5La1,5Si1,67Se7 

 
 3.15. 

 Er2Se3 – Pr2Se3 – SiSe2  
 770  

 
  

1 SiSe2 
2 Er2Se3 
3 Pr2Se3 
4 Pr3Si1,25Se7 



 47

 
  

5 Er2Se3 + SiSe2 
6 Er2Se3 + Pr2Se3 
7 Pr2Se3 + Pr3Si1,25Se7 
8 SiSe2 + Pr3Si1,25Se7 
9 SiSe2 + Er1,5Pr1,5Si1,67Se7 

10 Pr3Si1,25Se7 + Er1,5Pr1,5Si1,67Se7 
11 Er2Se3 + Er1,5Pr1,5Si1,67Se7 
12 Pr2Se3 + Er1,5Pr1,5Si1,67Se7 
13 Er2Se3 + SiSe2 + Er1,5Pr1,5Si1,67Se7 
14 SiSe2 + Pr3Si1,25Se7 + Er1,5Pr1,5Si1,67Se7 
15 Pr2Se3 + Pr3Si1,25Se7 + Er1,5Pr1,5Si1,67Se7 
16 Er2Se3 + Pr2Se3 + Er1,5Pr1,5Si1,67Se7 

 
3.1.5.  R2S3 – R'2S3 – GeS2 [42], [43] 

   R2S3 – 
R'2S3 – GeS2 (R – La, Pr; R' – Y, Er)  770  

 3.16-3.19.  
 3.16-3.19. 

 
. 3.16.  Y2S3 – La2S3 – 

GeS2  770 . 
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. 3.17.  Y2S3 – Pr2S3 – GeS2  

 770 . 
 

 
. 3.18.  Er2S3 – La2S3 – 

GeS2  770 . 
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. 3.19.  Er2S3 – Pr2S3 – 

GeS2  770 . 
 

 3.16. 
 Y2S3 – La2S3 – GeS2  

 770  
 

  

1 GeS2 
2 Y2S3 
3 La2S3 
4 Y3Ge1,25S7 
5 La3Ge1,25S7 
6 La2GeS5 
7 Y4xLa4-4xGe3S12 (x = 0÷0,75) 
8 GeS2 + Y3Ge1,25S7 
9 Y2S3 + Y3Ge1,25S7 
10 Y2S3 + La2S3 
11 La2S3 + La3Ge1,25S7 
12 La3Ge1,25S7 + La2GeS5 
13 La2GeS5 + Y4xLa4-4xGe3S12 (x = 0) 
14 GeS2 + Y4xLa4-4xGe3S12 (x = 0÷0,75) 
15 Y3Ge1,25S7 + Y4xLa4-4xGe3S12 (x = 0÷0,75) 
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16 Y3Ge1,25S7 + La2GeS5 
17 Y2S3 + La2GeS5 
18 Y2S3 + La3Ge1,25S7 
19 GeS2 + Y3Ge1,25S7 + Y4xLa4-4xGe3S12 (x = 0,75) 
20 Y3Ge1,25S7 + La2GeS5 + Y4xLa4-4xGe3S12 (x = 0) 
21 Y2S3 + Y3Ge1,25S7 + La2GeS5 

 
 

 3.17. 
 Y2S3 – Pr2S3 – GeS2  

 770  
 

  

1 GeS2 
2 Y3Ge1,25S7 
3 Y3,5+ Pr1-xS6,8 (x = 0÷1) 
4 Pr2S3 
5 Pr3Ge1,25S7 
6 Pr4Ge3S12 
7 GeS2 + Y3Ge1,25S7 
8 Y2S3 + Y3Ge1,25S7 
9 Y3,5+ Pr1-xS6,8 (x = 0) + Pr2S3 
10 Pr2S3 + Pr3Ge1,25S7 
11 Pr3Ge1,25S7 + Pr4Ge3S12 
12 GeS2 + Pr4Ge3S12 
13 Y3Ge1,25S7 + Pr4Ge3S12 
14 Y2S3 + Pr4Ge3S12 
15 Y3,5+ Pr1-xS6,8 (x = 0÷1) + Pr3Ge1,25S7 
16 GeS2 + Y3Ge1,25S7 + Pr4Ge3S12 
17 Y2S3 + Y3Ge1,25S7 + Pr4Ge3S12 
18 Y2S3 + Pr3Ge1,25S7 + Pr4Ge3S12 
19 Y3,5+ Pr1-xS6,8 (x = 0) + Pr2S3 + Pr3Ge1,25S7 
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 3.18. 
 Er2S3 – La2S3 – GeS2  

 770  
 

  

1 GeS2 
2 La4-4xEr4xGe3S12 (x = 0÷0,63) 
3 GeS2 + La4-4xEr4xGe3S12   (x = 0÷0,63) 
4 GeS2 + Er2,34La0,66Ge1,28S7 
5 GeS2 + Er2S3 
6 Er2S3 + Er2,34La0,66Ge1,28S7 
7 La4-4xEr4xGe3S12 (x = 0,5÷0,63) + Er2,34La0,66Ge1,28S7 
8 GeS2 + La4-4xEr4xGe3S12 (x = 0,63) + Er2,34La0,66Ge1,28S7 
9 GeS2 + Er2S3 + Er2,34La0,66Ge1,28S7 

10 Er2S3 + La4-4xEr4xGe3S12 (x = 0,5) + Er2,34La0,66Ge1,28S7 
 

 3.19. 
 Er2S3 – Pr2S3 – GeS2  

 770  
 

  

1 GeS2 
2 Er2S3 
3 Pr2S3 
4 Pr3Ge1,25S7 
5 Pr4Ge3S12 
6 GeS2 + Er2S3 
7 Er2S3 + Pr2S3 
8 Pr2S3 + Pr3Ge1,25S7 
9 Pr3Ge1,25S7 + Pr4Ge3S12 

10 GeS2 + Pr4Ge3S12 
11 GeS2 + Er2,34Pr0,66Ge1,28S7 
12 Pr4Ge3S12 + Er2,34Pr0,66Ge1,28S7 
13 Er2S3 + Pr4Ge3S12 
14 Er2S3 + Er2,34Pr0,66Ge1,28S7 
15 Er2S3 + Pr3Ge1,25S7 
16 GeS2 + Pr4Ge3S12 + Er2,34Pr0,66Ge1,28S7 
17 GeS2 + Er2S3 + Er2,34Pr0,66Ge1,28S7 
18 Er2S3 + Pr4Ge3S12 + Er2,34Pr0,66Ge1,28S7 
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19 Er2S3 + Pr3Ge1,25S7 + Pr4Ge3S12 
20 Er2S3 + Pr2S3 + Pr3Ge1,25S7 

 
 

3.1.6.  R2 3 – R'2 3 – GeS 2 [44] 
   R2 3 – 

R'2 3 – GeS 2 (R – La, Pr; R' – Y, Er)  770  
 3.20-3.23.  

 3.20-3.23. 
 

 
. 3.20.  Y2Se3 – La2Se3 – 

GeSe2  770 . 
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. 3.21.  Y2Se3 – Pr2Se3 – 

GeSe2  770 . 
 
 

 
. 3.22.  Er2Se3 – La2Se3 – 

GeSe2  770 . 
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. 3.23.  Er2Se3 – Pr2Se3 – 

GeSe2  770 . 
 

 3.20. 
 Y2Se3 – La2Se3 – GeSe2  

 770  
 

  

1 GeSe2 
2 Y2Se3 
3 La2Se3 
4 La3Ge1,25Se7 
5 Y2Se3 + GeSe2 
6 Y2Se3 + La2Se3 
7 La2Se3 + La3Ge1,25Se7 
8 GeSe2 + La3Ge1,25Se7 
9 Y2Se3 + La3Ge1,25Se7 
10 Y2Se3 + GeSe2 + La3Ge1,25Se7 
11 Y2Se3 + La2Se3 + La3Ge1,25Se7 
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 3.21. 
 Y2Se3 – Pr2Se3 – GeSe2  

 770  
 

  

1 GeSe2 
2 Y2Se3 
3 Pr2Se3 
4 Pr3Ge1,25Se7 
5 Y2Se3 + GeSe2 
6 Y2Se3 + Pr2Se3 
7 Pr2Se3 + Pr3Ge1,25Se7 
8 GeSe2 + Pr3Ge1,25Se7 
9 Y2Se3 + Pr3Ge1,25Se7 
10 Y2Se3 + GeSe2 + Pr3Ge1,25Se7 
11 Y2Se3 + Pr2Se3 + Pr3Ge1,25Se7 

 
 3.22. 

 Er2Se3 – La2Se3 – GeSe2  
 770  

 
  

1 GeSe2 
2 Er2Se3 
3 La2Se3 
4 La3Ge1,25Se7 
5 Er2Se3 + GeSe2 
6 Er2Se3 + La2Se3 
7 La2Se3 + La3Ge1,25Se7 
8 GeSe2 + La3Ge1,25Se7 
9 Er2Se3 + La3Ge1,25Se7 
10 Er2Se3 + GeSe2 + La3Ge1,25Se7 
11 Er2Se3 + La2Se3 + La3Ge1,25Se7 
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 3.23. 
 Er2Se3 – Pr2Se3 – GeSe2  

 770  
 

  

1 GeSe2 
2 Er2Se3 
3 Pr2Se3 
4 Pr3Ge1,25Se7 
5 Er2Se3 + GeSe2 
6 Er2Se3 + Pr2Se3 
7 Pr2Se3 + Pr3Ge1,25Se7 
8 GeSe2 + Pr3Ge1,25Se7 
9 Er2Se3 + Pr3Ge1,25Se7 
10 Er2Se3 + GeSe2 + Pr3Ge1,25Se7 
11 Er2Se3 + Pr2Se3 + Pr3Ge1,25Se7 

 
3.1.7.  R2S3 – R'2S3 – SnS2 [45 - 47] 

 R2S3 – 
R'2S3 – SnS2 (R  –  La,  Pr;  R'  –  Y,  Er)   770   

 3.24-3.27.  
 3.24-3.27. 
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. 3.24.  Y2S3 – La2S3 – SnS2  

 770 . 
 
 

 
. 3.25.  Y2S3 – Pr2S3 – SnS2  

 770 . 
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. 3.26.  Er2S3 – La2S3 – 

SnS2  770 . 
 
 

 
. 3.27.  Er2S3 – Pr2S3 – 

SnS2  770 . 
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 3.24. 
 Y2S3 – La2S3 – SnS2  

 770  
 

  

1 SnS2 
2 Y2S3 
3 La2S3 
4 La2SnS5 
5 SnS2 + Y2S3 
6 Y2S3 + La2S3 
7 La2S3 + La2SnS5 
8 SnS2 + La2SnS5 
9 Y2S3 + La2SnS5 
10 SnS2 + Y2S3 + La2SnS5 
11 Y2S3 + La2S3 + La2SnS5 

 
 
 

 3.25. 
 Y2S3 – Pr2S3 – SnS2  

 770  
 

  

1 SnS2 
2 Y3,5+ Pr1-xS6,8 (x = 0÷1) 
3 Pr2S3 
4 Pr2SnS5 
5 SnS2 + Y2S3 
6 Y3,5+ Pr1-xS6,8 (x = 0) + Pr2S3 
7 Pr2S3 + Pr2SnS5 
8 SnS2 + Pr2SnS5 
9 Y3,5+ Pr1-xS6,8 (x = 0÷1) + Pr2SnS5 
10 SnS2 + Y2S3 + Pr2SnS5 
11 Y3,5+ Pr1-xS6,8 (x = 0)  + Pr2S3 + Pr2SnS5 
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 3.26. 
 Er2S3 – La2S3 – SnS2  

 770  
 

  

1 SnS2 
2 Er3+xLa1-xS6(x = 0÷1) 
3 La2S3 
4 La2SnS5 
5 SnS2 + Er2S3 
6 Er3+xLa1-xS6(x = 0) + La2S3 
7 La2S3 + La2SnS5 
8 SnS2 + La2SnS5 
9 Er3+xLa1-xS6(x = 0÷1) + La2SnS5 
10 SnS2 + Er2S3 + La2SnS5 
11 Er3+xLa1-xS6(x = 0) + La2S3 + La2SnS5 

 
 

 3.27. 
 Er2S3 – Pr2S3 – SnS2  

 770  
 

  

1 SnS2 
2 Er2S3 
3 Pr2S3 
4 Pr2SnS5 
5 SnS2 + Er2S3 
6 Er2S3 + Pr2S3 
7 Pr2S3 + Pr2SnS5 
8 SnS2 + Pr2SnS5 
9 Er2S3 + Pr2SnS5 
10 SnS2 + Er2S3 + Pr2SnS5 
11 Er2S3 + Pr2S3 + Pr2SnS5 
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3.2.  La4-4xR4xGe3S12 (R –Tb, Dy, Y, 
Ho, Er) [43], [48], [49] 

 Tb2S3 –  La2S3 –  GeS2, Dy2S3 – 
La2S3 – GeS2,  Y2S3 –  La2S3 –  GeS2, Ho2S3 –  La2S3 – GeS2  
Er2S3 –  La2S3 – GeS2  770  

 
 La4-4xR4xGe3S12 ( . 3.28)  ( . 3.29)  

 La4Ge3S12 (  R3c (  161),  
).  

 La  Tb, Dy, Y, Ho  
Er .  

 Tb4xLa4-4xGe3S12  
72 . % “Tb4Ge3S12”, Dy4xLa4-4xGe3S12 – 70 . % 
“Dy4Ge3S12”,  Y4xLa4-4xGe3S12 – 75 . % “Y4Ge3S12”, 
Ho4xLa4-4xGe3S12 –  60  .  %  “Ho4Ge3S12”   Er4xLa4-4xGe3S12 
62 . % “Er4Ge3S12”.  3.28  

 
.  

 DyxLa4-4xGe3S12 (x  =  0 0,70):  a  
 1,9400  1,9137 ,  c  

 0,8100  0,7829 ,  
 V  2,6400 3  

2,4847 3. 
 

 3.28. 
 

 La4-4xR4xGe3S12 
)  a, 

 
a, 

 
c, 

 
c, 

 
V, 

3 
V, 

3 
La4Ge3S12 1,9400 – 0,8100 – 2,6400 – 

Er4xLa4-4xGe3S12 1,9203 0,0197 0,7858 0,0242 2,5117 0,1283 
Ho4xLa4-4xGe3S12 1,9149 0,0251 0,7900 0,0200 2,5366 0,1034 
Y4xLa4-4xGe3S12 1,9152 0,0248 0,7834 0,0266 2,4886 0,1514 
DyxLa4-4xGe3S12 1,9137 0,0263 0,7829 0,0271 2,4847 0,1553 
TbxLa4-4xGe3S12 1,9157 0,0243 0,7878 0,0222 2,5035 0,1365 
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) ) 

. 3.28.  a, c  V  
 La4-4xTb4xGe3S12 ( )  La4-4xDy4xGe3S12 ( ). 
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a) ) 

 

. 3.29.  
 a, c  V  

  
La4-4xY4xGe3S12 ( ),  

La4-4xHo4xGe3S12 ( ),  
La4-4xEr4xGe3S12 ( ). 

) 
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 4 
,  

  
R2X3 – R'2X3 – Ge(Si)X2  

(R – Y, Tb, Dy, Ho, Er; R' – La, Pr; X – S, Se) 
 
4.1.  Dy3Ge1,25S7  

 Dy3Ge1,25S7  
 Dy2S3 –  GeS2  

 11 : 9 [25].  
.  

 
. 4.1. 

 
. 4.1.  

 Dy3Ge1,25S7. 
 

 Dy3Ge1,25S7  Dy 
 [DyS13S23S31] 

. 4.2.) , Ge1 –   
[Ge1S23S31] ( . 4.3.),  Ge2 –  [Ge2S16] 

. 4.4.).  Dy3Si1,25S7 
(C  )  4.1. 
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. 4.3.  Dy  

Dy3Ge1,25S7  Dy – S.  

 
. 4.4.  Ge1  

Dy3Ge1,25S7  Ge1 – S. 

 
. 4.5.  Ge2  

Dy3Ge1,25S7  Ge2 – S. 
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 4.1. 
 Dy3Ge1,25S7 

  x/a y/b z/c G 
Dy 6(c) 0,359 0,14 0,25 1,0 
Ge1 2(b) 1/3 2/3 0,175 1,0 
Ge2 2(a) 0 0 0,047 0,25 
S1 6(c) 0,251 0,1 0,818 1,0 
S2 6(c) 0,523 0,427 0,504 1,0 
S3 2(b) 1/3 2/3 0,531 1,0 

 
4.2.  La4Ge3S12 

 La4Ge3S12  
 La2S3 –  GeS2  

 2 : 3 [50]. La4Ge3S12  
.  

 
. 4.6. 

 
. 4.6.  

 La4Ge3S12. 
 

 La4Ge3S12  6( )  
La1,  18(b) –  La2.  

: La1 –  [La1S16] ( . 4.7.); La2 
–  
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 [La2S12S22S31S42] ( . 4.8.), Ge –  
[GeS11S21S42] ( . 4.9.).  
La4Ge3S12 (C  )  4.2. 

 

 
. 4.7.  La1  

La4Ge3S12  La1 – S. 
 
 
 

 
. 4.8.  La2  

La4Ge3S12  La2 – S. 
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. 4.9.  Ge  

La4Ge3S12  Ge – S. 
 

 
 

 4.2. 
 La4Ge3S12 

  x/a y/b z/c G 
La1 6( ) 0 0 0 1,0 
La2 18(b) 0,0030 0, 2307 0, 2028 1,0 
Ge 18(b) 0,2000 0,1875 0,1523 1,0 
S1 18(b) 0,1549 0,3789 0,1618 1,0 
S2 18(b) 0,1246 0,0643 0,2511 1,0 
S3 18(b) 0,1145 0,2005 0,9974 1,0 
S4 18(b) 0,3960 0,0593 0,1817 1,0 
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 5 
 

 
5.1.  R2X3 – R'2X3 – PbX    R2X3 – 

R'2X3 – DIVX2 (R, R' – Y, La, Ce, Pr, Tb, Dy, Ho, Er; DIV – 
Si, Ge, Sn; X – S, Se) 

 
5.1.1.  Y1,5La1,5Si1,75Se7  

 Y2Se3 – La2Se3 –  SiSe2  
 770  

 
 (  5.1),  

 
Y1,5La1,5Si1,75Se7 [51]. 

 
 Y1,5La1,5Si1,75Se7  

. 5.1. 

 
. 5.1.  ( ), 

 ( )  (  
)  Y1,5La1,5Si1,75Se7. 

 
 5.1. 

  
 Y1,5La1,5Si1,75Se7 

  
 6 
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 19 
2   sinT/l (max) 100,02      0,497 
RI 0,0414 
RP 0,1126 

 0,30328(1) 
  [3 2 0]  0,49 

 
.  

. 5.2. 

 
. 5.2.  

 Y1,5La1,5Si1,75Se7. 
 

 
 R = (Y + La),  

 Pr  Pr3Si1,25Se7,  
 [RSe14Se23Se31] ( . 5.3.)  

, Si(IV) –  
[Si(IV)Se23Se31] ( . 5.4.),  Si(II) –  
[Si(II)Se26] ( . 5.5.). 

 
Y1,5La1,5Si1,75Se7  5.2. 
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. 5.3.  R  

 Y1,5La1,5Si1,75Se7  
 R – Se.  
 

 
. 5.4.  Si(IV)   

 Y1,5La1,5Si1,75Se7  
 Si – Se. 
 

 
. 5.5.  Si(II)  

Y1,5La1,5Si1,75Se7  Si – Se. 
 



 72

 5.2. 
 Y1,5La1,5Si1,75Se7 

  x/a y/b z/c G 
R* 6(c) 0,1296 0,3591 0,0357 0,5Y + 0,5La 
Si1 2(b) 1/3 2/3 0,6182 0,75 
Si2 2(a) 0 0 -0,2040 1,0 
Se1 6(c) 0,2573 0,1645 0,0193 1,0 
Se2 6(c) 0,5215 0,1080 0,2714 1,0 
Se3 2(b) 1/3 2/3 0,2525 1,0 

 
5.1.2.  Y1,5Pr1,5Si1,75Se7   

  
Y1,5Pr1,5Si1,75Se7 [52]  

.  
 

 Y1,5Pr1,5Si1,75Se7  
. 5.6. 

 
. 5.6.  ( ), 

 ( )  (  
)  Y1,5Pr1,5Si1,75Se7. 

 
 5.3. 

  
 Y1,5Pr1,5Si1,75Se7 

  
 6 

 19 
 CSD 
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  sinT/l (max) 100,02;   0,497 
RI 0,0673 
RP 0,1394 

 0,27647 
  [111]     0,81 

 
 

.  
. 5.7. 

 
. 5.7.  

 Y1,5Pr1,5Si1,75Se7. 
 

 Y1,5Pr1,5Si1,75Se7  6( ) 
”  (Y + Pr), 

 ( . 5.8. - 5.10.): R – 
 

[RSe14Se23Se31],  Si  (II)  –   [Si(II)  Se16],  Si(IV)  –  
 [Si(IV)Se23Se31].   R  –  Se   

.  
 Y1,5Pr1,5Si1,75Se7  5.4. 
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. 5.8.  R  

 Y1,5Pr1,5Si1,75Se7  
R – Se.  

 

 
. 5.9.  Si(IV)  

Y1,5Pr1,5Si1,75Se7  Si – Se. 
 

 
. 5.10.  Si(II)  
 Y1,5Pr1,5Si1,75Se7  

Si – Se. 
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 5.4. 
 Y1,5Pr1,5Si1,75Se7 

  x/a y/b z/c G 
R* 6(c) 0,1297 0,3591 0,0336 0,54Y + 0,46Pr 
Si1 2(b) 1/3 2/3 0,614 0,75 
Si2 2(a) 0 0 -0,204 1,0 
Se1 6(c) 0,2583 0,1649 0,0183 1,0 
Se2 6(c) 0,5210 0,1072 0,2686 1,0 
Se3 2(b) 1/3 2/3 0,2505 1,0 

 
5.1.3.  Dy1,5La1,5Si1,66Se7 

  
Dy1,5La1,5Si1,66Se7 [52]  

.  
 Dy,5La1,5Si1,75Se7 

. 5.11. 

 
. 5.11.  ( ), 

 ( )  (  
)  Dy1,5La1,5Si1,66Se7. 

 
 5.5. 

 
 Dy1,5La1,5Si1,66Se7 

  
 6 

 19 
 CSD 
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  sinT/l (max) 100,02;   0,497 
RI 0,0667 
RP 0,1733 

 0,09145 
  [111]     1,2 

 
.  

. 5.12. 

 
. 5.12.  

 Dy1,5La1,5Si1,66Se7. 
 

 Dy1,5La1,5Si1,66Se7  6( )  
 Dy  La (0,446 : 0,554).  

,  
. 

,  (2 )  
 M(Si(II) + Dy) (0,833 : 0,167).  

: R(La + Dy) –  
[RSe23Se33Se12] ( . 5. 13.) , 
Si(IV) –  [Si(IV)Se33Se11] ( . 5.14.)  
M1(Si(II) + Dy) –  [MSe26] ( . 5.15.).  

 Dy1,5La1,5Si1,66Se7  
 5.6. 
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. 5.13.  R  

 Dy1,5La1,5Si1,66Se7  
 R – Se. 
 

 
. 5.14.  Si(IV)   

 Dy1,5La1,5Si1,66Se7  
 Si – Se. 
 

 
. 5.15.  

M(Si+Dy)   Dy1,5La1,5Si1,66Se7  
 Si – Se. 
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 5.6. 
 Dy1,5La1,5Si1,66Se7 

  x/a y/b z/c G 
R* 6(c) 0,1281 0,3580 0,0414 0,554La+0,446Dy 

M** 2( ) 0 0 -0,245 0,833Si+0,167Dy 
Si1 2(b) 1/3 2/3 0,633 0,83 Si 
Se1 2(b) 1/3 2/3 0,2618 1,0 
Se2 6(c) 0,2583 0,1641 0,0256 1,0 
Se3 6(c) 0,5196 0,1051 0,2749 1,0 

 
5.1.4.  Er1,5La1,5Si1,67Se7 

  
Er1,5La1,5Si1,67Se7 [53]  

.  
 Er1,5La1,5Si1,67Se7 

. 5.16. 

 
. 5.16.  ( ), 

 ( )  (  
)  Er1,5La1,5Si1,67Se7. 

 
 Er1,5La1,5Si1,67Se7  

.  
 

. 5.17. 
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 5.7. 
  

 Er1,5La1,5Si1,67Se7 
  

 6 
 17 

 SD 
  sinT/l (max) 100,02;   0,497 

RI 0,0552 
RP 0,1703 

 0,2300 
  [111]     1,2 

 

 
. 5.17.  

 Er1,5La1,5Si1,67Se7. 
 

 Er1,5La1,5Si1,67Se7  6( ) 
 (La + Er). 

: R(La + Er) –  
 [R(La + Er)Se23Se31Se14] ( . 5.18.)  

; Si(IV) –  [Si(IV)Se23Se31] 
. 5.19.)  Si(II) –  [Si(II)Se16] ( . 5.20.). 

 Er1,5La1,5Si1,66Se7 
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 5.8. 

 
. 5.18.  R  

 Er1,5La1,5Si1,67Se7  
 R – Se. 
 

 
. 5.19.  Si(IV)   

 Er1,5La1,5Si1,67Se7  
 Si – Se. 
 

 
. 5.20.  Si   

 Er1,5La1,5Si1,67Se7   
 Si – Se. 
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 5.8. 
 Er1,5La1,5Si1,66Se7 

  x/a y/b z/c G 
R* 6(c) 0,1297 0,3587 0,0434 0,5 Er + 0,5 La 
Si1 2(b) 1/3 2/3 0,5990 0,67 Si 
Si2 2( ) 0 0 -0,2620 1,0 
Se1 6(c) 0,2587 0,1645 0,0420 1,0 
Se2 6(c) 0,5216 0,1087 0,2673 1,0 
Se3 2(b) 1/3 2/3 0,2511 1,0 

 
5.1.5.  Er1,5Pr1,5Si1,67Se7 

  
Er1,5Pr1,5Si1,67Se7 [53]  

.  
 Er1,5Pr1,5Si1,67Se7 

. 5.21. 

 
. 5.21.  ( ), 

 ( )  (  
)  Er1,5Pr1,5Si1,67Se7. 

 
 5.9. 

  
 Er1,5Pr1,5Si1,67Se7 

  
 6 

 13 
 SD 

  sinT/l (max) 100,02;   0,497 
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RI 0,0447 
RP 0,1549 

 0,17602 
  [111]     1,2 

 
 

.  
. 5.22. 

 
. 5.22.  

 Er1,5Pr1,5Si1,67Se7. 
 

 Er1,5Pr1,5Si1,67Se7  6( ) 
 (Er + Pr). 

: R(Er + Pr) –  
 [R(Er + Pr)Se24Se33Se11] ( . 5.23.)  

), Si(IV) –  [Si(IV)Se33Se11] 
. 5.24.)  Si(II) –  [Si(II)Se26] ( . 5.25.). 

 Er1,5Pr1,5Si1,66Se7 
 5.10. 
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. 5.23.  R  

 Er1,5Pr1,5Si1,67Se7  
 R – Se.  
 

 
. 5.24.  Si(IV)   

 Er1,5Pr1,5Si1,67Se7  
 Si – Se. 
 

 
. 5.25.  Si   

 Er1,5La1,5Si1,67Se7   
 Si –Se. 
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 5.10. 
 Er1,5Pr1,5Si1,66Se7 

  x/a y/b z/c G 
R* 6(c) 0,1293 0,3581 0,0309 0,5 Pr + 0,5 Er 
Si1 2(b) 1/3 2/3 0,616 0,67 Si 
Si2 2( ) 0 0 0,737 1,0 
Se1 6(c) 0,2571 0,1623 0,0071 1,0 
Se2 6(c) 0,5224 0,1067 0,2665 1,0 
Se3 2(b) 1/3 2/3 0,2489 1,0 

 
5.1.6.   

 R1,5R'1,5SixSe7 (R – Y, Er, Dy; R' – La, Pr) 
 R1,5R'1,5SixSe7 (R,  R'  –  Y,  La,  Pr,  Er;  

 = 1,66; 1,67  1,75)  
6( )  M(R + R') (R – Y, Dy, Er; 
R' – La, Pr).  

.  
, 

 Si(II)  Si(IV).  
 

 R1,5R'1,5SixSe7  
. 5.26. 

 M(R + R') – Se 
 YLa  DyLa  ErLa  YPr  ErPr 

. 5.27.);  Si(IV) – Se  
 ( . 5.28.);  

 Si(II) – Se ( . 5.29.). 
 YLa  DyLa  ErLa  YPr  ErPr 

 a  c  R1,5R'1,5SixSe7 
. 5.30.) .  

ErLa  YPr .  
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. 5.26.  

 R1,5R'1,5SixSe7. 
 

 
. 5.27.  M(R + R') – Se  

 R1,5R'1,5SixSe7. 
 

 
. 5.28.  Si(IV) – Se  

 R1,5R'1,5SixSe7. 
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. 5.29.  Si(II) – Se  

 R1,5R'1,5SixSe7. 
 

 
. 5.30.  a  c  

 R1,5R'1,5SixSe7. 
 

 
R1,5R'1,5SixSe7  “ ”  

 ( . 5.31.)  ab.  
,  

 
.  Si(II) 

. 
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. 5.31. “ ”,  

 ab  R1,5R'1,5SixSe7. 
 

 R1,5R'1,5SixSe7 
 “ ”,  [Si(IV)Se33Se11] ( . 5.32.) 
 “ ”  [Si(II)Se26],  

Si(II). 

 
. 5.32.  Si(II)  Si(IV)  

 R1,5R'1,5SixSe7 (  
). 



 88

5.2.  Er2S3 – La(Ce, Pr)2S3 – GeS2 
5.2.1.  Er2,34La0,66Ge1,28S7 

 Er2,34La0,66Ge1,28S7  
 

 Er2S3 – La2S3 – GeS2  
770 .  

. 
 5.11. 

  
 Er2,34La0,66Ge1,28S7 

  
 0,06 × 0,029 × 0,024  

 63  173) 
 801,2344 

  5,572 3) 
  28,754 -1) 

: a 0,96934(3) , c 0,58680(2) , 
V 0,47749(3) 3 

 
 [49]  [54]  

.  
. 5.33. 

 
Er2,34La0,66Ge1,28S7  M (Er + La) 

. 5.34.)  6( )  
.  Ge  2(b) 

 2(a)  (Ge1) ( . 5.35.) 
 (Ge2) ( . 5.36.)  

.  
 

Er2,34La0,66Ge1,28S7  5.12. 
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. 5.33.  

Er2,34La0,66Ge1,28S7. 

 
. 5.34.  

(Er + La)  Er2,34La0,66Ge1,28S7  
 – S. 

 

 
. 5.35.  Ge1  

Er2,34La0,66Ge1,28S7  Ge – S. 
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. 5.36.  Ge2  

Er2,34La0,66Ge1,28S7  Ge – S. 
 

 5.12. 
 Er2,34La0,66Ge1,28S7 

  x/a y/b z/c G 
M 6(c) 0,21319 0,35880 0,5443 0,78 Er + 0,22 La 

Ge1 2(b) 1/3 2/3 0,1199 1,0 
Ge2 2( ) 0 0 0,2296 0,28 Ge 
S1 6(c) 0,2533 0,1053 0,4911 1,0 
S2 6(c) 0,4747 0,5693 0,2778 1,0 
S3 2(b) 1/3 2/3 0,7475 1,0 

 
5.2.2.  Er2,34Ce0,66Ge1,28S7 

 Er2,34Ce0,66Ge1,28S7  
 

 Er2,34La0,66Ge1,28S7 [55].  
 Er2,34Ce0,66Ge1,28S7  

. 
 

 Er2,34Ce0,66Ge1,28S7  
,  

 ( . 5.37.).  
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. 5.37.  ( ), 

 ( )  (  
)  Er2,34 0,66Ge1,28S7. 

 
 5.13. 

  
 Er2,34 e0,66Ge1,28S7 

 63  173) 
 802,0149 

  5,507(1) 3) 
  76,768 -1) 

: a 0,97386(5) , c 0,58698(5) , 
V 0,48211(9) 3 

RI;    RP 0,0844;    0,2019 
 

 Er2,34 e0,66Ge1,28S7  
.  

. 5.38.  
Er2,34 e0,66Ge1,28S7  M (Er + Ce) 

 6( )  
 ( . 5.39.).  Ge  

2(b)   2(a)  (Ge1) 
. 5.40.)  (Ge2)  

 ( . 5.41.).  
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. 5.38.  

Er2,34Ce0,66Ge1,28S7. 

 
. 5.39.  

(Er + Ce)  Er2,34Ce0,66Ge1,28S7  
 – S. 

 
. 5.40.  Ge1  

Er2,34Ce0,66Ge1,28S7  Ge – S. 
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. 5.41.  Ge2  

Er2,34Ce0,66Ge1,28S7  Ge – S. 
 

 
Er2,34Ce0,66Ge1,28S7  5.14. 

 5.14. 
 Er2,34Ce0,66Ge1,28S7 

  x/a y/b z/c G 
M1 6(c) 0,3573 0,1419 0,2814 0,78 Er + 0,22 Ce 
Ge1 2(b) 1/3 2/3 0,2003 1,0 
Ge2 2( ) 0 0 0,046 0,28 Ge 
S1 6(c) 0,245 0,1086 0,814 1,0 
S2 6(c) 0,5577 0,469 0,508 1,0 
S3 2(b) 1/3 2/3 0,575 1,0 

 
5.2.3.  Er2,34Pr0,66Ge1,28S7 

 Er2,34Pr0,66Ge1,28S7  
 

 Er2,34La0,66Ge1,28S7 [56]. 
 Er2,34Pr0,66Ge1,28S7 

.  
 

 Er2,34Pr0,66Ge1,28S7 , 
  

 ( . 5.42.). 
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. 5.42.  ( ), 

 ( )  (  
)  Er2,34Pr0,66Ge1,28S7. 

 
 5.15. 

 
 Er2,34Pr0,66Ge1,28S7 

 63  173) 
 802,5244 

  5,5218(9) 3) 
  777,45 -1) 

: a 0,97481(5) , c 0,58459(4) , 
V 0,48109(8) 3 

RI;    RP 0,0992;    0,2500 
 

 Er2,34Pr0,66Ge1,28S7  
.  

. 5.43.  
Er2,34Pr0,66Ge1,28S7  M (Er + Pr) 

 6( )  
 ( . 5.44.).  Ge  

2(b)   2(a)  (Ge1) 
. 5.45.)  (Ge2)  

 ( . 5.46.). 
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. 5.43.  

Er2,34Pr0,66Ge1,28S7. 

 
. 5.44.  

(Er + La)  Er2,34Pr0,66Ge1,28S7  
 M – S. 

 

 
. 5.45.  Ge1   

Er2,34Pr0,66Ge1,28S7    Ge – S. 
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. 5.46.  Ge2   

Er2,34Pr0,66Ge1,28S7  Ge – S. 
 

 
Er2,34Pr0,66Ge1,28S7  5.14. 

 5.16. 
 Er2,34Pr0,66Ge1,28S7 

  x/a y/b z/c G 
M2 6(c) 0,3557 0,1452 0,2482 0,78 Er + 0,22 Pr 
Ge1 2(b) 1/3 2/3 0,225 1,0 
Ge2 2( ) 0 0 0,047 0,28 Ge 
S1 6(c) 0,252 0,1021 0,818 1,0 
S2 6(c) 0,5231 0,4242 0,5051 1,0 
S3 2(b) 1/3 2/3 0,5942 1,0 

 
5.2.4.  

  Er2,34La(Ce, Pr)0,66Ge1,28S7  
 Er2S3 –  La(Ce,  Pr)2S3 – GeS2  

 770  
 

Er2,34La(Ce, Pr)0,66Ge1,28S7.  
 Dy3Ge1,25S7 (  P63)  

   6( )  
Er + La, Er + Ce  Er + Pr.  

 Er.  
 

Er2,34La0,66Ge1,28S7, Er2,34Ce0,66Ge1,28S7  Er2,34Pr0,66Ge1,28S7 
. 
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 Ge1 , 
 Ge2  –  ,   M(Er  +  R)  

 = 7 (  
).  Ge1S4  

,  Ge2S6 – 
 ( . 5.47.). 

 

 
 

. 5.47.  
Er2,34La(Ce, Pr)0,66Ge1,28S7. 

 
 Ge2  

”,  “ ”  
 Ge1 ( . 5.48.).  

 Er2,34R0,66Ge1,28S7 
 – S  ErLa  

ErCe  ErPr ( . 5.49.);  Ge1 – S  
 ErLa  ErCe  ErPr  ( . 5.50.);  

 Ge2 – S 
. 5.51.). 
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. 5.48. ”  “ ”  

 Er2,34R0,66Ge1,28S7 ( ). 
 

 
 

. 5.49.  – S  
 Er2,34R0,66Ge1,28S7. 
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. 5.50.  Ge1 – S  

 Er2,34R0,66Ge1,28S7. 
 

 
. 5.51.  Ge2 – S  

 Er2,34R0,66Ge1,28S7. 
 

5.3.  La2S3 –  Y(Tb,  Dy,  Ho,  
Er)2S3 – GeS2 
5.3.1.  Y2La2Ge3S12 

 
 Y2S3 – La2S3 – GeS2  770  [43] 

 Y4xLa4-4 Ge3S12 
(x = 0÷0,75).  

 5.17)  Y2La2Ge3S12 
(x = 0,5).  

 (  – La4Ge3S12, 
 R3c).  

 Y2La2Ge3S12  
,  

 ( . 5.52.). 
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. 5.52. ,  

 Y2La2Ge3S12. 
 

 5.17. 
  

 Y2La2Ge3S12 
  

 7 
2   sinT/l (max) 100,02     0,497 
RI; RP 0,0812;     0,2139 

 0,4933 
  [1 1 1]  1,95 

 Y2La2Ge3S12  
.  

 
. 5.53.  

 Y2La2Ge3S12  6( )  
 Y + La (0,91 : 0,09),  18(b)  

 Y + La (0,374 : 0,626).  
.  

: M1 (Y + La) –  
[M1S26S33]  ( . 5.54.); 
M2 (La + Y) –  [M2S12S32S42] 

. 5.55.), Ge –  [GeS11S21S31S41] ( . 5.56.). 
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. 5.53.  

 Y2La2Ge3S12. 

 
. 5.54. 1  

Y2La2Ge3S12 1 – S. 

 
. 5.55. 2  

Y2La2Ge3S12 2 – S. 
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. 5.56.  Ge  

Y2La2Ge3S12  Ge – S. 
 

 Y2La2Ge3S12 
 5.18. 

 5.18. 
 Y2La2Ge3S12 

  x/a y/b z/c G 
M1 6( ) 0 0 0 0,91 Y + 0,09 La 
M2 18(b) 0,0046 0,2302 0,2083 0,63 La + 0,37 Y 
Ge 18(b) 0,1964 0,1862 0,1638 1,0 
S1 18(b) 0,1581 0,3758 0,1721 1,0 
S2 18(b) 0,1211 0,0635 0,2440 1,0 
S3 18(b) 0,1116 0,2013 1,0048 1,0 
S4 18(b) 0,3928 0,0574 0,1916 1,0 

 
5.3.2.  La2,02Tb1,98Ge3S12 

 
La2,02Tb1,98Ge3S12  

 [49].  
.  

 
. 5.57. 
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 5.19. 
  

 La2,02Tb1,98Ge3S12 
  
 0,162 × 0,128 × 0,103  

 R3c  161) 
 1197,84 

  4,685 3) 
  19,781 -1) 

: a 1,92627(5) , c 0,79263(2) , 
V 2,54705(16) 3 

  

 

. 5.57.  
 

La2,02Tb1,98Ge3S12. 

 
 La2,02Tb1,98Ge3S12  

6( )  Tb + La (0,867 : 0,133),  
 18(b)  La + Tb 

(0,629 : 0,371). : 
M1 (Tb + La) –  [M1S26] ( . 5.58.); 
M2 (La + Tb) –  [M2S12S21S32S42]  

 ( . 5.59.).  Ge  
 [GeS11S21S31S41] ( . 5.60.).  

 
La2,02Tb1,98Ge3S12  5.20. 
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. 5.58. 1  

La2,02Tb1,98Ge3S12 1 – S. 
 

 
. 5.59. 2  

La2,02Tb1,98Ge3S12 2 – S. 
 

 
. 5.60.  Ge  

La2,02Tb1,98Ge3S12  Ge – S. 
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 5.20. 
 La2,02Tb1,98Ge3S12 

  x/a y/b z/c G 
M1 6( ) 0 0 0 0,87 Tb + 0,13 La 
M2 18(b) 0,23214 0,00481 0,29107 0,63 La + 0,37 Tb 
Ge 18(b) 0,18612 0,19854 0,34133 1,0 
S1 18(b) 0,17791 0,28680 0,50334 1,0 
S2 18(b) 0,05962 0,12026 0,2509 1,0 
S3 18(b) 0,20154 0,11378 0,50011 1,0 
S4 18(b) 0,27040 0,27465 0,14436 1,0 

 
5.3.3.  La2,64Dy1,36Ge3S12 

 
La2,64Dy1,36Ge3S12 [49]  

.  
 (  5.21)  

 
La4Ge3S12 (  R3c).  
La2,64Dy1,36Ge3S12  5.22. 

 5.21. 
  

 La2,64Dy1,36Ge3S12 
  
 0,192 × 0,106 × 0,052  

 R3c  161) 
 1190,21 

  4,630 3) 
  18,978 -1) 

: a 1,92868(5) , c 0,79498(2) , 
V 2,56099(14) 3 

 
 La2,64Dy1,36Ge3S12   

6( )  Dy + La (0,65 : 0,35),  
 18(b)  

 0,24 : 0,76.  
1(0,65 Dy + 0,35 La)  = 6 ( . 5.61.), 
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2(0,76 La + 0,24 Dy) 
 = 7 ( . 5.62.),  Ge  

 C  ( . 5.63.). 
 5.22. 

 La2,64Dy1,36Ge3S12 
  x/a y/b z/c G 

M1 6( ) 0,0000 0,0000 0,0000 0,65 Dy + 0,35 La 
M2 18(b) 0,23180 0,00440 0,29217 0,76 La + 0,24 Dy 
Ge 18(b) 0,18617 0,19870 0,34239 1,0 
S1 18(b) 0,17763 0,28681 0,5037 1,0 
S2 18(b) 0,06020 0,12063 0,2507 1,0 
S3 18(b) 0,20135 0,11384 0,5012 1,0 
S4 18(b) 0,27045 0,27455 0,1456 1,0 

 

 
. 5.61. 1  

La2,64Dy1,36Ge3S12 1 – S. 

 
. 5.62. 2  

La2,64Dy1,36Ge3S12 2 – S. 
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. 5.63.  Ge  

La2,64Dy1,36Ge3S12  Ge – S. 
 

5.3.4.  La2,25Ho1,75Ge3S12 
 

La2,25Ho1,75Ge3S12 (C  La4Ge3S12,  R3c) [49]  
 (  5.23). 

 La2,25Ho1,75Ge3S12  
6( )  Ho + La (0,78 : 0,22),  

 18(b)  La + Ho (0,68 : 0,32). 
: M1 (Ho + La) – 

 [M1S26] ( . 5.64.), M2 (La + Ho) – 
 [M2S12S21S32S42]  

 ( . 5.65.),  Ge  
 C  ( . 5.66.).  

 
 5.23. 

  
 La2,25Ho1,75Ge3S12 

  
 0,301 × 0,078 × 0,071  

 R3c  161) 
 1203,77 

  4,727 3) 
  20,360 -1) 

: a 1,92448(6) , c 0,79096(4) , 
V 2,5370(2) 3 
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. 5.64. 1  

La2,25Ho1,75Ge3S12 1 – S. 

 
. 5.65. 2  

La2,25Ho1,75Ge3S12 2 – S. 

 
. 5.66.  Ge  

La2,25Ho1,75Ge3S12  Ge – S. 
 

 
La2,25Ho1,75Ge3S12  5.24. 
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 5.22. 
 La2,25Ho1,75Ge3S12 

  x/a y/b z/c G 
M1 6( ) 0,0000 0,0000 0,0000 0,78 Ho + 0,22 La 
M2 18(b) 0,00512 0,23235 0,20972 0,68 La + 0,32 Ho 
Ge 18(b) 0,19840 0,18600 0,15939 1,0 
S1 18(b) 0,28676 0,17798 -0,0029 1,0 
S2 18(b) 0,12012 0,05927 0,2489 1,0 
S3 18(b) 0,11377 0,20170 0,00018 1,0 
S4 18(b) 0,27474 0,27032 0,35681 1,0 

 
5.3.5.  La2,16Er1,84Ge3S12 

 
La2,16Er1,84Ge3S12 (C  La4Ge3S12,  R3c) [49]  

 (  5.25).  
 La2,16Er1,84Ge3S12  6( ) 

 Er + La (0,80 : 0,20),  
 18(b)  La + Er (0,65 : 0,35).  

: M1 (Er + La) – 
 [M1S26] ( . 5.67.); M2 (Er + La) – 

 
[M2S12S21S32S42] ( . 5.68.), Ge –  
[GeS11S21S31S41] ( . 5.69.). 

 
La2,16Er1,84Ge3S12  5.26. 

 5.25. 
  

 La2,16Er1,84Ge3S12 
  
 0,374 × 0,074 × 0,039  

 R3c  161) 
 1210,39 

  4,788 3) 
  21,228 -1) 

: a 1,92165(4) , c 0,78757(2) , 
V 2,51866(13) 3 
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 5.24. 
 La2,16Er1,84Ge3S12 

  x/a y/b z/c G 
M1 6( ) 0,0000 0,0000 0,0000 0,80 Er + 0,20 La 
M2 18(b) 0,00561 0,23269 0,21091 0,65 La + 0,35 Er 
Ge 18(b) 0,19819 0,18583 0,16050 1,0 
S1 18(b) 0,28665 0,17814 -0,0030 1,0 
S2 18(b) 0,11948 0,05862 0,2486 1,0 
S3 18(b) 0,11378 0,20200 0,0004 1,0 
S4 18(b) 0,27482 0,27028 0,3586 1,0 

 

 
. 5.67. 1  

La2,16Er1,84Ge3S12 1 – S. 
 

 
. 5.68. 2  

La2,16Er1,84Ge3S12 1 – S. 
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. 5.69.  Ge  

 La2,16Er1,84Ge3S12  
 Ge – S. 
 

 
5.3.6.  

  LaxRyGe3S12 (R – Y, Tb, Dy, Ho, Er) 
 LaxRyGe3S12 (R – Y, Tb, 

Dy, Ho, Er; x = 2,00÷2,64,  = 1,36÷2,00)  6( )  
18(b) “ ”  

.  
 

.  6( )  
 La,  18(b)  R (R – 

Y, Tb, Dy, Ho, Er).  M1 (R + La) (R – Y, Tb, Dy, Ho, 
Er)  (  = 6), 

2 (La + R)  
 (  = 7).  Ge 

,  
 M1 i M2. 

2 (La + R)  
Ge  M1 (R + La)  

,  
,  

 ( . 5.70.). 
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. 5.70.   

LaxRyGe3S12 (R – Y, Tb, Dy, Ho, Er). 
 

 LaxRyGe3S12 1 –
 S  

, , .  
 

 YLa   LaTb  
LaDy  LaHo  LaEr ( . 5.71.); 2 – S 

,  
 

 ( . 5.72.); 
 

 Ge – S  Y2La2Ge3S12.  
 

,  
, ,  

,  LaxRyGe3S12  
 ( . 5.73.). 
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. 5.71. 1 – S  

 LaxRyGe3S12. 
 

 
. 5.72.  M2 – S  

 LaxRyGe3S12. 
 

 
. 5.73.  Ge – S  

 LaxRyGe3S12. 
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