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ABSTRACT
The Raman spectra of anatase, rutile, and brookite consist of several intense bands,
whereas kaolinite has only a weak Raman spectrum. Raman spectra of ten relatively pure
kaolin and two halloysite samples that varied significantly in Ti content revealed the presence of anatase but neither rutile nor brookite in all samples. Comparison with chemical
data indicates that Raman spectroscopy allows the detection of anatase in kaolin down to
a concentration of 0.02%. The strongest Raman bands of many kaolins thus do not result
from kaolinite but from ancillary anatase. Raman spectroscopy can therefore be recommended as a technique for the identification of anatase, rutile, and brookite in a variety of
natural and synthetic materials over a wide range of concentrations.

INTRODUCTION
Anatase and rutile are common constituents of many
soils, sediments, and clays. Knowledge of the content of
these minerals in industrial clays, especially kaolins, is particularly desirable because anatase and rutile may contain
Fe (Sayin and Jackson 1975; Schwertmann et al. 1995)
and thus have a strong influence on whiteness (Jepson
1988). Pure anatase and rutile are diamagnetic and can
only be removed from kaolins by magnetic separation if
they contain Fe. In the absence of information on the presence of anatase and related minerals in kaolins, any Ti
detected by chemical analysis would be, possibly erroneously, assigned to the kaolinite structure. Identification of
anatase in kaolins and related clays is thus important because the presence of this mineral has mineralogic, crystalchemical, and technological implications.
X-ray diffraction is undoubtedly the most useful instrumental technique for the characterization of clays and
clay minerals. However, because the strongest anatase
peak (101) at 0.352 nm is very near the 002 peak of
kaolinite at 0.357 nm, minor amounts of anatase in kaolins may escape detection during routine X-ray diffraction. Other techniques that have been used for the characterization of titaniferous minerals in clays and soils,
such as electron microscopy and chemical dissolution,
also suffer from various disadvantages, such as involving
considerable effort and lack of specificity (Milnes and
Fitzpatrick 1989).
In Raman spectroscopy absorption occurs because of
changes in polarizability, whereas infrared spectroscopy
results from changes in the dipole moment. Because of
the ionic character of bonding, silicates usually yield only
weak Raman spectra. Substances with transition-metal-O
bonds, in contrast, have a more covalent character and
therefore give more intense Raman bands (Griffith 1974).
Although Raman scattering has a low efficiency, only
about 10-6 of the exciting radiation contributing to a Ra0OO3-004X/97/0102-0203$05 .00

man spectrum, modern instruments enable spectra to be
recorded within a few minutes. Raman spectroscopy requires minimal preparation and is largely insensitive to
the presence of H20. Fourier-transform Raman spectroscopy has further advantages over the conventional method, foremost among which are the reduction of thermal
emission (fluorescence) and decomposition for most sampies in spite of high light throughput and accurate and
reproducible wavenumber calibration.
A thorough review of Raman spectroscopy and its applications to mineralogy was given by McMillan and
Hofmeister (1988), who noted that molecules with easily
polarizable atoms such as Ti have much stronger Raman
spectra than molecules with less polarizable atoms such
as Si and O.
Raman data on kaolinite-group minerals were published by Wiewi6ra et al. (1979) and Johnston et al.
(1985). Both papers showed Raman spectra and listed
band positions in the wavenumber ranges 100-1000 cm-I
and the OH-stretching region (3600-3700 cm-I). The 141
cm-I band in the CMS KGa-1 and Mesa A1ta kaolins that
Johnston et al. (1985) observed as the most intense was
absent in spectra of the Keokuk kaolinite and a nacrite
from Nowa Ruda, Poland (Wiewi6ra et al. 1979). Raman
spectra of rutile were described by Porto et al. (1967),
and Raman spectra of anatase by Ohsaka et al. (1978).
In a Raman study of kaoline-group clays, Frost (1995)
described bands at 142.7, 395.4, and 636.5 cm-I in two
samples of Georgia kaolin. Strong bands at 143 cm-I and
weaker bands at 636.5 cm-I were also observed in one
each of two dickites and halloysites. The bands at 143
cm-I were attributed to O-AI-O symmetric bending and
those at 636.5 cm-I to Si-O-Si stretching vibrations. AIthough mention was made of a very intense band in anatase in the 143-154 cm-I range, the variations in band
intensities were attributed to structural differences between the individual clay minerals.
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