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Characteristic Raman spectra of micro environment of
fluoroaluminate structural units

XIAO Li, YOU lJing-lin, JIANG Guo-chang

(School of Materials Science and Engineering, Shanghai University, Shanghai 200072, China)

Abstract: The Raman spectra of several typical crystals of alkali fluoroaluminate system were studied. Ab initio
calculation of quantum chemistry was used to construct several super molecule model clusters. Restricted Hatree-Fock
method (RHF) with the basis set of 6-31G(d) was applied to optimize the geometry of fluoroaluminate model clusters.
The wavenumbers of Raman-active modes and Raman optical activity (ROA) were calculated under the same method
with the same base set after geometric optimization. The calculation results were compared with the experimental data.
The results show that the delicate variation of micro-environment or super molecular number can be correctly resolved by
Raman shift. That is, the calculated Raman wavenumber of Al—F symmetric stretching vibration is much closer to
experimental data when super molecular number gradually increases.
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Fig.1 Experimental Raman patters of Na;AlF4, K,NaAlF and

K;AlFg crystals at room temperature
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Fig.2 Diagrams of model clusters used for calculations: element labels of (a-2) to (a-4) are same as in diagram of (a-1); element

labels of (b-2) to (b-4) are same as in diagram of (b-1); Element labels of (c-2) to (c-4) are same as in diagram of (c-1); 1, 2, 3 and 4

respectively represent different numbers of super molecule
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Table 1 Experimental and calculated wavenumbers of Raman active modes of several fluoroaluminate crystals

Experimental wavenumber of

Calculated wavenumber of super molecular cluster/cm

crystals/cm |
Na;AlFs  Kz;AIFg  K;NaAlFg a-1 a-2 a-3 a-4 b-1 b-2 b-3 b-4 c-1 c-2 c-3 c-4
552 545 561 474 504 519 529 473 511 519 520 475 508 518 528
394 324 327 408 399 389 393 309 318 342 335 322 346 341 315
342 323 338 353 333 641 674 695 669 653 651 644 681
675 683 667 704 613 623 601 612 619 615 615 613
629 641 628 488 425 442 420 421 400 447 454 459
368 617 466 456 398 378 365 368 352 423 421 429
294 476 374 425 355 238 352 354 289 288 351 405
265 386 293 289 344 217 348 344 273 224 229 349
225 229 229 221 228
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Fig.3 Experimental Raman spectras of Na;AlF¢ crystal and
reduced calculated Raman spectra of corresponding model

clusters
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Fig.4 Number of super molecule dependent experimental and
calculated wavenumbers of Al—F symmetrical stretching

vibration with Na3;AlF considered
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Fig.5 Experimental Raman spectras of K;AlF4 crystal and
reduced calculated Raman spectra of corresponding model

clusters

550
540

Wavenumber/cm™!

£ h L h wLn
e S = o W
S & o & S

480 ¢
470

0 2 4 6 810
Number of super molecule
6 K3AIFe it & Al—F F0 FR e s S At R Y
T TR R R
Fig.6 Number of super molecule dependent experimental and
calculated wavenumbersof Al —F symmetrical stretching

vibration with K;3AlF4 considered
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