RAMAN AND INFRARED SPECTROSCOPY FOR INVESTIGATIONS SOME CRYSTAL CHEMISTRY TASKS OF MINERALS

T. N. Moroz

Institute of Geology and Mineralogy SB RAS, Novosibirsk, Russia E-mail: moroz@uiggm.nsc.ru

Methods of infrared (IR) and Raman spectroscopy common applied in physicochemical investigations can be used for solving fundamental crystallographic problem, i.e., the determination of crystal symmetry. When X-ray diffraction methods give no way of unambigous choosing the space-group symmetry, it can be made succesfully on the base of combined data of X-ray diffraction methods and vibrational spectroscopy as far as the vibrational activity in Raman and infrared spectra is theoretically possible for the all space groups. It has been shown that using the selection rules at k=o, the symmetry group, in principle, may be established uniquely on the base of examination of Raman spectra and polarized IR spectra even without considering the site symmetry of a crystal. Considerable attention has been given to the selection rules for IR and Raman spectra of diffraction classes with the same rules of systematic absences [1,2]. The possibilities of the method can be extended, the approach considered being applied for powder samples. In this case it should be suffice to analyze nonpolarized IR and Raman spectra. The method has been applied to various minerals with of PO4, SO4, CO3 - anions (apatite, alunite, hydrotalcite, ellestadites etc.) and silicate (feldspars, garnet). 

The possible substitutions for the cations and anions in minerals are numerous and complex. Raman scattering data in their studies are very useful. For example, the analysis of Raman spectra of technogenic fluorellestadites frоm burnt rocks of Chelyabinsky coal field and natural ellestadite confirmed that the samples under study belongs as to the apatites with a practically complete substitution of РО43- ions by SiО4 4- and SО42- as to the ones with a partial substitution of РО43- ions by SiО4 4- and SО42 , and with a insignificant substitution of complex anions by СО32-  ions [3]. 

It is well known that the position and width of carbon Raman line are very sensitive to compressive stress, influence of small size of the crystals, pressure, and temperature variations The Raman spectra of polycrystalline impact diamonds from the Popigai and Kara meteoritic craters, natural graphite, extracted carbon-rich phases from carbonaceous ultrabasic rocks of ophiolites Eastern Sayan Siberia, Russia, defect-rich diamond from Yakitia, synthetic turbostratic graphite, and synthetic carbon nanomaterials were measured [4,5]. It has been shown that the carbon-rich phases from carbonaceous ultrabasic rocks have various degree of graphitization and different carbon forms.

In studying the order-disorder problem, mean – and long – range sensitive Raman spectroscopy as well as shot-sensitive IR spectroscopy supplement the X-ray diffraction method. The determination of degree of order and composition in a large collection of different genesis feldspars and the high-Ca plagioclase samples from mafic rocks of some abissal and middle-abissal massifs approached as ussually by means of X - Ray powder diffraction has been additionally carried out by Raman spectroscopy method. The procedure of structural feature determination extended over a series of sanidine-ortoclase-microcline has been developed according to Raman spectra. 

Among the interesting aspects of prehnite, Ca2Al(OH)2(AlSi3O10) crystal chemistry is the possibility of various ordered distribution for the aluminium as well as the presence of different types of O-H bonds [6] into the lattice.  The peculiarities have been studied by means Raman spectroscopy (Fig). Raman spectra of prehnites from 1- West Siberia, Russia; 2- the Loanhead Quarry, Ayshire, Scotland, showed different types of OH bonds in the crystal structure.

Thus, the methods of IR and Raman spectroscopy are widely applied to crystal chemical investigations in Earth Sciences.
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