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ABSTRACT
Raman spectra and lattice dynamics calculations are presented for the dioctahedral mica, muscovite. Calculated fundamental mode frequencies for the Raman-active and Ag and Bg species were fit
to observed fundamentals assigned to features in the two polarized Raman spectra collected, so that
unambiguous vibrational assignments could be made to most peaks in the Raman data. Calculated
frequencies for the IR-active Au and Bu modes generally fall within the frequency ranges of bands in
the IR spectra for muscovite presented earlier. Factor group analysis indicates that motion from all
atom types in the muscovite structure can be found in modes for all four vibrational species. Force
constant values determined for muscovite are similar to equivalent values calculated for the
trioctahedral mica, phlogopite. Raman and IR-active modes calculated at frequencies greater than
800 cm–1 are dominated by internal sheet T-O stretch and T-O-T bend motions, where T is a tetrahedral site. Modes between 800 and 360 cm–1 have internal tetrahedral sheet motions mixed with K and
octahedral Al displacements. Modes at frequencies less than 360 cm–1 have lattice and OH motions.
Inter-sheet bonding in the muscovite structure is strong enough to affect modes at frequencies as high
as 824 cm–1.

INTRODUCTION
This work describes the Raman spectra and lattice dynamic
calculations of the zone-center optical phonons of the
dioctahedral mica, 2M1 muscovite. The motivation of this work
is to provide vibrational assignments to the Raman spectra of
sheet silicates. Muscovite has been the subject of IR and Raman
studies (Loh 1973; Velde 1978; Haley et al. 1982), but vibrational assignments have not been determined for all observed
modes.
The monoclinic C2/c crystal structure of 2M1 muscovite is
comprised of tetrahedral sheets that are bonded together by
alternating layers of K+ and octahedral Al+3 (Guven 1971). The
atoms in the 2M1 muscovite structure are all in general positions, except for K, which has C2 or 2 symmetry. The sheets
contain two tetrahedral sites, T1 and T2 (Fig. 1), where approximately 75% of these sites are randomly occupied by Si,
while the remaining 25% contain Al. The sheets are bonded
together by K+ layers and dioctahedral layers, where Al+3 occupy the M2 octahedral sites; the M1 octahedral sites are vacant. Each octahedral Al is coordinated by four non-bridging
O atoms (Onb), two Oa and two Ob, as well as two OH. The K
atoms are coordinated to six bridging O atoms (Obr): two Oc,
two Od. and two Oe from two adjacent tetrahedral sheets. Each
tetrahedral site is coordinated by three Obr: one of each of the
three Obr types, and one Onb: T1 to Oa and T2 to Ob. The tetra-
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hedra link to form six-membered rings that are each connected
to six other symmetrically equivalent six-membered rings.
Overall, the atomic arrangement in muscovite is similar to
the phlogopite structure, where T in phlogopite is equivalent
to T1 and T2, O1 is equivalent to Oc and Oe, O2 is equivalent
to Od, and O3 is equivalent to Oa and Ob (McKeown et al.
1999). The most conspicuous differences between the two structures are the unoccupied M1 sites in muscovite, an OH site
shift relative to the K site, and an Onb shift relative to the T
sites (compare the z axis projection in Fig. 1 with Fig. 1 in
McKeown et al. 1999).

FACTOR GROUP ANALYSIS
Factor group analysis (FGA) was performed for the muscovite structure (Table 1) using the method of Fateley et al.
(1972). In contrast to phlogopite, the lower symmetry muscovite structure imposes vibrational contributions from all atom
types to the four vibrational species.
TABLE 1. The irreducible representations of muscovite
Ag (R)
Bg (R)
Au (IR)
Bu (IR)
K
1
2
1
2
M2
3
3
3
3
OH
3
3
3
3
21
21
21
21
T2O5
Ntotal
28
29
28*
29†
Notes: Contributions are given for K, M2, OH, and T2O5 sheets. Species
followed by the notation (R) and (IR) are Raman or infrared active,
respectively.
* Includes one acoustic mode.
† Includes two acoustic modes.
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