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1 2 3 4 5 6 7 8 9 10
P,0, 25.8 25.8 26.5 26.5 25.8 25.8 25.8 25.8 25.8 25.8
Sio, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
B,0, 5.2 5.2 5.1 5.1 5.2 5.2 5.2 5.2 5.2 5.2
Tio, 12.4 12.4 12.2 12.2 12.4 12.4 12.4 12.4 9.3 12.4
Nb,O, 20.6 20.6 20.4 20.4 20.6 20.6 20.6 20.6 23.7 20.6
Zno 0.0 5.2 20.4 25.5 25.8 10.3 25.8 25.8 0.0 0.0 10
Ca0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
BaO 25.8 20.6 5.1 0.0 0.0 15.5 0.0 0.0 23.7 20.6
Li,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Na,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 15.5
K,O 10.3 10.3 10.2 10.2 10.3 10.3 10.3 10.3 12.4 0.0
Sb,0, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
& 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0
F 51.5 41.2 10.2 10.2 20.6 30.9 30.9 41.2 47.4 41.2
R,0 10.3 10.3 10.2 10.2 10.3 10.3 10.3 10.3 12.4 15.5
MO 25.8 20.6 5.1 0.0 0.0 15.5 0.0 0.0 23.7 20.6 20
Ti+Nb 33.0 33.0 32.7 32.7 33.0 33.0 33.0 33.0 33.0 33.0
Zn+MO 25.8 25.8 25.5 25.5 25.8 25.8 25.8 25.8 23.7 20.6
nd 1.8310 | 1.8337 | 1.8353 | 1.8400 | 1.8457 | 1.8384 | 1.8484 | 1.8499 | 1.8299 | 1.8340
vd 24.5 24.0 22.8 22.3 22.0 23.5 21.7 21.5 24 .4 24 1
0¢gF 0.6271 | 0.6267 | 0.6298 | 0.6310 | 0.6345 | 0.6300 | 0.6329 | 0.6351 | 0.6283 | 0.6303
HE b
(0e0.0046) 0.7398 | 0.7371 [ 0.7347 | 0.7336 | 0.7357 | 0.7381 | 0.7327 | 0.7340 | 0.7405 | 0.7412
A 7olnm] 412 414 415 413 412 409 412 410 415 411
gooooad
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11 12 13 14 15 16 17 18 19 20
P,05 25.8 25.8 25.8 25.8 25.8 25.8 25.8 25.8 25.8 25.8
Sio, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
B,0, 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2
TiO, 7.2 17.5 7.2 17.5 10.3 12.4 7.2 2.1 22.7 10.3
Nb,O 25.8 15.5 25.8 15.5 22.7 20.6 25.8 30.9 10.3 22.7
Zn0O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 10
CaO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
BaO 25.8 25.8 20.6 20.6 25.8 20.6 36.1 25.8 25.8 36.1
Li,O 0.0 0.0 0.0 0.0 0.0 5.2 0.0 0.0 0.0 0.0
Na,O 0.0 0.0 15.5 15.5 0.0 0.0 0.0 0.0 0.0 0.0
K,O 10.3 10.3 0.0 0.0 10.3 10.3 0.0 10.3 10.3 0.0
Sb,0, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
= 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
F 51.5 51.5 41.2 41.2 41.2 41.2 41.2 51.5 51.5 51.5
R,0 10.3 10.3 15.5 15.5 10.3 15.5 0.0 10.3 10.3 0.0
MO 25.8 25.8 20.6 20.6 25.8 20.6 36.1 25.8 25.8 36.1 20
Ti+Nb 33.0 33.0 33.0 33.0 33.0 33.0 33.0 33.0 33.0 33.0
Zn+MO 25.8 25.8 20.6 20.6 25.8 20.6 36.1 25.8 25.8 36.1
nd 1.8450 | 1.8122 | 1.8493 | 1.8159 [ 1.8373 | 1.8488 | 1.8901 1.8567 | 1.7913 | 1.8801
vd 24.2 25.0 23.7 24 .4 24 .4 23.4 23.9 23.9 25.6 24.2
0¢gF 0.6292 [ 0.6265 [ 0.6252 | 0.6275 | 0.6254 | 0.6324 [ 0.6249 [ 0.6253 ([ 0.6262 | 0.6268
WHE b
(a=-0.0046) 0.7405 | 0.7415 [ 0.7342 | 0.7397 | 0.7376 | 0.7400 [ 0.7348 | 0.7352 | 0.7440 | 0.7381
A 5o[nm] 403 406 403 424 407 411 421 414 412 412
0oooooao 30
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21 22 23 24 25 26 27 28 29 30

P,04 25.8 25.8 25.8 25.8 25.8 25.8 25.8 25.8 25.8 25.8
Si0, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
B,0, 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2
TiO, 10.3 0.0 7.2 10.3 10.3 7.2 10.3 17.5 10.3 15.5
Nb,O; 22.7 30.9 30.9 22.7 22.7 25.8 22.7 15.5 22.7 22.7
ZnO 0.0 0.0 0.0 0.0 0.0 0.0 10.3 0.0 15.5 10.3
CaO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
BaO 30.9 27.8 20.6 36.1 36.1 36.1 25.8 36.1 20.6 20.6
Li, 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Na,O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
K,0 5.2 10.3 10.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sb,0, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
= 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
F 61.9 41.2 41.2 30.9 72.2 61.9 72.2 72.2 41.2 41.2
R,0 5.2 10.3 10.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
MO 30.9 27.8 20.6 36.1 36.1 36.1 25.8 36.1 20.6 20.6
Ti+Nb 33.0 30.9 38.1 33.0 33.0 33.0 33.0 33.0 33.0 38.1
Zn+MO 30.9 27.8 20.6 36.1 36.1 36.1 36.1 36.1 36.1 30.9
nd 1.8584 | 1.8479 | 1.8882 | 1.8774 | 1.8858 | 1.8909 | 1.8993 [ 1.8597 [ 1.8983 | 1.9212
vd 24.2 24.7 21.8 24.3 23.9 23.9 22.6 24.8 22.5 21.2
0gF 0.6261 [ 0.6211 | 0.6333 | 0.6268 | 0.6276 | 0.6277 | 0.6328 | 0.6301 | 0.6336 | 0.6389

YA b

(a=-0.0046) 0.7374 [ 0.7347 | 0.7336 | 0.7386 | 0.7375 | 0.7376 | 0.7368 | 0.7442 [ 0.7371 | 0.7364
A 7o[nm] 414 398 419 408 415 412 411 411 412 416
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31 32 33 34 35 36 37 38 39 40
P,0; 25.8 25.8 25.8 25.8 25.8 25.8 25.8 25.8 25.3 25.8
Sio, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.0
B,0, 5.2 5.1 5.2 5.2 5.2 5.2 5.2 5.0 5.0 5.2
TiO, 10.3 20.6 25.8 0.0 20.6 20.6 30.9 20.6 20.6 25.8
Nb,O; 27.8 22.7 17.5 33.0 17.5 17.5 17.5 22.7 22.7 17.5
ZnO 10.3 10.3 10.3 0.0 20.6 10.3 10.3 10.3 15.5 15.5 10
CaO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
BaO 20.6 15.5 15.5 36.1 10.3 20.6 10.3 10.3 10.3 10.3
Li, 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.1 0.0 0.0
Na,O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
K,O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.1 0.0 0.0
Sb,0, 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.2 0.2 0.0
as 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
F 41.2 30.9 30.9 72.2 20.6 41.2 20.6 20.6 20.6 20.6
R,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.2 0.0 0.0
MO 20.6 15.5 15.5 36.1 10.3 20.6 10.3 10.3 10.3 10.3 20
Ti+Nb 38.1 43.3 43.3 33.0 38.1 38.1 48.5 43.3 43.3 43.3
Zn+MO 30.9 25.8 25.8 36.1 30.9 30.9 20.6 20.6 25.8 25.8
nd 1.9366 | 1.9436 | 1.9297 | 1.9143 | 1.9037 | 1.9046 | 1.9460 [ 1.9439 [ 1.9395 | 1.9245
vd 20.9 19.9 20.2 23.2 21.2 21.6 19.2 19.6 19.9 20.2
0gF 0.6392 [ 0.6442 | 0.6468 | 0.6272 | 0.6394 | 0.6393 | 0.6503 | 0.6458 | 0.6442 | 0.6447
WA b
(a=-0.0046) 0.7353 [ 0.7357 | 0.7397 | 0.7339 | 0.7369 | 0.7387 | 0.7386 | 0.7360 | 0.7357 | 0.7376
A 7olnm] 432 420 433 423 423 421 432 430 433 429
ugboooon
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41 42 43 44 45 46 47 48 49 50
P,0; 25.8 25.8 25.8 25.8 25.8 25.8 24.0 25.8 25.8 25.8
Si0o, 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.0
B,0, 5.2 5.2 5.0 5.0 5.2 5.20 4.0 5.2 5.0 5.0
TiO, 15.5 15.5 25.8 20.6 17.5 27.8 28.0 12.4 25.8 20.6
Nb,O4 22.7 25.8 22.7 25.8 25.8 20.6 25.0 25.8 20.6 22.7
ZnO 15.5 12.4 10.3 10.3 10.3 10.3 10.0 12.4 12.4 10.3
CaO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
BaO 15.5 10.3 10.3 7.2 15.5 10.3 3.0 12.4 10.3 15.5
Li, 0 0.0 2.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Na,O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
K,0 0.0 3.1 0.0 5.2 0.0 0.0 5.0 6.2 0.0 0.0
Sb,0, 0.0 0.0 0.2 0.2 0.0 0.2 0.2 0.0 0.2 0.2
= 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
F 30.9 20.6 20.6 14.4 30.9 20.6 6.0 24.7 20.6 20.6
R,0 0.0 5.2 0.0 5.2 0.0 0.0 5.0 6.2 0.0 0.0
MO 15.5 10.3 10.3 7.2 15.5 10.3 3.0 12.4 10.3 15.5
Ti+Nb 38.1 41.2 48.5 46.4 43.3 48.5 53.0 38.1 46.4 43.3
Zn+MO 30.9 22.7 20.6 17.5 25.8 20.6 13.0 24.7 22.7 25.8
nd 1.9238 | 1.9359 | 1.9622 | 1.9388 | 1.9528 | 1.9578 | 1.9677 [ 1.9015 [ 1.9633 | 1.9411
vd 21.0 19.9 18.9 19.2 19.8 19.0 18.2 21.0 19.1 20.0
0¢g,F 0.6403 [ 0.6431 | 0.6514 | 0.6476 | 0.6447 | 0.6507 | 0.6526 | 0.6386 | 0.6470 | 0.6457

A b
(a=-0.0046) 0.7369 [ 0.7346 | 0.7383 | 0.7359 | 0.7358 | 0.7381 | 0.7363 | 0.7352 | 0.7349 | 0.7377
A 7o[nm] 428 434 435 427 431 432 435 421 434 435
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51 52 53 54 55 56 57 58 59 60

P,04 28.0 28.0 30.0 30.0 27.0 27.0 27.0 24.0 25.0 23.7
Si0o, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.5 3.7
B,0, 0.0 0.0 0.0 0.0 3.0 3.0 3.0 3.0 1.5 5.8
TiO, 12.0 15.0 15.0 15.0 15.0 12.0 20.0 25.0 12.0 12.4
Nb,O; 28.0 28.0 30.0 30.0 30.0 28.0 25.0 25.0 20.0 21.0
ZnO 8.0 5.0 7.0 12.0 5.0 5.0 5.0 0.0 0.0 0.0
CaO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
BaO 17.0 17.0 8.0 3.0 10.0 20.0 10.0 10.0 26.0 14.0
Li, 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.2
Na,O 0.0 0.0 0.0 0.0 0.0 0.0 10.0 12.0 15.0 15.0
K,0 7.0 7.0 10.0 10.0 10.0 5.0 0.0 0.0 0.0 1.2
Sb,0; 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
= 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
F 24.0 24.0 16.0 6.0 20.0 30.0 20.0 20.0 52.0 28.0
R,0 7.0 7.0 10.0 10.0 10.0 5.0 10.0 12.0 15.0 19.4
MO 17.0 17.0 8.0 3.0 10.0 20.0 10.0 10.0 26.0 14.0
Ti+Nb 40.0 43.0 45.0 45.0 45.0 40.0 45.0 50.0 32.0 33.4
Zn+MO 25.0 22.0 15.0 15.0 15.0 25.0 15.0 10.0 26.0 14.0
nd 1.9020 | 1.9151 | 1.9136 | 1.9169 | 1.9231 | 1.9130 [ 1.9268 [ 1.9521 [ 1.8245 | 1.8498
vd 21.0 20.4 19.6 19.3 19.6 21.0 19.5 18.7 24.9 22.8
0gF 0.6390 [ 0.6429 | 0.6451 | 0.6457 | 0.6452 | 0.6378 | 0.6469 | 0.6509 | 0.6328 | 0.6360

WA b

(a=-0.0046) 0.7356 [ 0.7367 | 0.7353 | 0.7345 | 0.7354 | 0.7344 | 0.7365 | 0.7368 | 0.7474 | 0.7409
A 5o[nm] 418 417 425 423 430 426 425 436 405 405
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OOoOO(@O) 46062 AAO4 BBO7 CC10 DAO1 DAO2 DAO3 DBO1 DBO2 DBO3 DCO1

oooo oo DCO2 DCO3 DCO4 DDO4 DDO5 DEO1 DEO2 DEO3 DEO4 DEOS
gooo oo DF01 EAO1 EAO2 EAO3 EAO4 EA10 EBO1 EBO2 EBO3 EBO4
gooo oo ECO1 ECO2 ECO3 ECO4 EDO1 EDO2 EDO3 EDO4 EEO1 EEQ2
agooo oo EEO3 EEO04 EF01 EF02 EFO3 EF04 EGO1 EGO2 EGO3 EGO4
gooo oo EGO5 FAO1 FBO1 FBO2 FBO3 FBO4 FBOS5 FCO1 FCO2 FCO3
gooo oo FDO1 FDO2 FDO3 FEO1 FEO2 FEO3 FFO1 FGO1 FGO2 FGO3
gooo oo FGO4 FGO5 FHO1 FHO2 FHO3 FJO1 FJO2 FJO3 FKO1 FKO2
gooo oo FKO3 FLO1 GAO1 GAO2 GAO3 GBO1 GCO1 GDO1 GDO2 GDO3
gooo oo GD04 GEO3 GEO4 GEOS GEO6 GEO7 HHO1 HHO3 HHOS HHO7
oooo oo HHO8 HHO9 HH11 HH13 HH15 HH17 HH20 JJ01 JJO3 JJOS

agooo oo JJ07 JJ10 KKO1 KKO3 KKO5 KKO7 KK10 MMO2 NNO2 NNO3
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