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ABSTRACT

Raman spectra and lattice dynamics calculations are presented for the dioctahedral mica, musco-
vite. Calculated fundamental mode frequencies for the Raman-active, and & 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,/and B, 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 cnt* are dominated by internal sheet T-O stretch and T-O-T bend motions, where T is a tetrahe-
dral site. Modes between 800 and 36C*dmve internal tetrahedral sheet motions mixed with K and
octahedral Al displacements. Modes at frequencies less than 3t6Banma lattice and OH motions.
Inter-sheet bonding in the muscovite structure is strong enough to affect modes at frequencies as high
as 824 cnt.

INTRODUCTION hedra link to form six-membered rings that are each connected

This work describes the Raman spectra and lattice dynarificSix other symmetrically equivalent six-membered rings.
calculations of the zone-center optical phonons of the Overall, the atomic arrangement in muscovite is similar to
dioctahedral mica,M,muscovite. The motivation of this work the phlogopite structure, where T in phlogopite is equivalent
is to provide vibrational assignments to the Raman spectral®fl 1 and T2, Ol is equivalent to Oc and Oe, O2 is equivalent
sheet silicates. Muscovite has been the subject of IR and RaffaPd, @nd O3 is equivalent to Oa and Ob (McKeown et al.
studies (Loh 1973 Velde 1978; Haley et al. 1982), but vibr&999). The most conspicuous differences between the two struc-
tional assignments have not been determined for all obserJdffs are the unoccupied M1 sites in muscovite, an OH site
modes. shift relative to the K site, and an,&hift relative to the T

The monoclinicC2/c crystal structure of M, muscovite is Sit€S (compare the axis projection in Fig. 1 with Fig. 1 in
comprised of tetrahedral sheets that are bonded togethefM§Keown et al. 1999).
alternating layers of Kand octahedral Al (Guven 1971). The
atoms in the B, muscovite structure are all in general posi- ]
tions, except for K, which has,6r 2 symmetry. The sheets ~Factor group analysis (FGA) was performed for the mus-
contain two tetrahedral sites, T1 and T2 (Fig. 1), where yvite structure (Table 1) using the method of Fateley et al.
proximately 75% of these sites are randomly occupied by §}972). In contrast to phlogopite, the lower symmetry musco-
while the remaining 25% contain Al. The sheets are bond¥ie structure imposes vibrational contributions from all atom
together by K layers and dioctahedral layers, where? - types to the four vibrational species.
cupy the M2 octahedral sites; the M1 octahedral sites are va-
cant. Each octahedral Al is coordinated by four non-bridging\g ¢ 1. The irreducible representations of muscovite
O atoms (@), two Oa and two Ob, as well as two OH. The K

FACTOR GROUP ANALYSIS

: L Aq (R) By (R) A, (IR) B. (IR)
atoms are coordinated to six bridging O atomg)(@o Oc, 1 2 1 2
two Od. and two Oe from two adjacent tetrahedral sheets. Each 3 3 3 3
tetrahedral site is coordinated by threg Gne of each of the ?'g zi zi 2? 2?
three Q, types, and one  T1 to Oa and T2 to Ob. The tetra-y, .’ 3 %9 P 20t

Notes: Contributions are given for K, M2, OH, and T,Os sheets. Species
followed by the notation (R) and (IR) are Raman or infrared active,
respectively.

* Includes one acoustic mode.

*E-mail: davidm@rsrch.vsl.cua.edu T Includes two acoustic modes.
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%;&eﬂa,f, Polarized single-crystal Raman spectra were obtained from
‘{\m y the oriented single crystal in backscattering geometry using a
g A o®) Bruker FT-Raman instrument (Model RFS-100). The source
‘\\(V,J;ﬁf”// OG}A\\\\Q(EL;{J was a Nd:YAG laser supplying 1.064n wavelength excita-
Jra ¢ ,?TZ tion at 600 mW. Variable power densities were initially placed
i gl ' . .
: b A at the sample to make sure that no sample modification was
e} &t o) ool O P P
4 “\\ incurred. The detection system consisted of a high-sensitivity
4 Qj\ . N‘TT germanium detector operated at liquid nitrogen temperature.
RN 06 706 oQ All spectra were recorded at 4 ¢mesolution and were cor-
y . e rected for the instrument response function. Raman shift cali-
// bration ensured that band frequency positions are accurate to

(b) 49_0 "’5—53 within 1 cnt?. In each scattering geometry, the FT-Raman spec-
trum was acquired through 640 coadded scans to optimize sig-
> nal-to-noise. Using near-IR excitation eliminated any laser

X (a) induced luminescence from the sample.
The flat surface of the crystal was oriented perpendicular
‘ ‘ ‘ ‘ with respect to the incident and the scattered light propagation
| / directions. The procedure for determining the vibrational spe-
’,/ a0 %@ /Q,’O(c,e) cies contributing to each polarized Raman spectrum is outlined
/ Sy *\mﬁ e in Loudon (1964). The Raman spectra (Fig. 2) are similar to
/ ﬂ \ UL / preliminary micro-Raman data collected on the same musco-
é O d> oba O | vite sample as well as the spectra for green muscovite in Loh

/ (1973). The micro-Raman spectra are not presented, because
(i) laser light-scattering masked all features below 240fomA,
and below 150 cmfor B,. At frequencies above the low fre-
guency micro-Raman limits, observed spectral features are re-
producible among all data collected for the Georgia muscovite
sample. Raman spectral features at frequencies greater than 800
cnttin Figure 2 are not clearly observable in Loh’s spectra.
Intensity differences are found for the prominent peak near 106
cnttin Loh’s study and the relatively small peak near 10% cm
in our B, spectrum (Fig. 2b). Raman-active mode frequencies
listed by Loh at 106, 163, 198, and 265 taorrespond to our
observed 198 crhA;mode and Bmodes at 106, 173, and 265
. O & . . cntt. Haley et al. (1982) list vibrational mode frequencies above
K OH o A T 650 cm?, where the 673, 703, 752, 801, 809, 851, 910, 916,
967, 1019, 1091, and 1120 ¢drmodes appear to correspond to
FIGURE 1. The cell of the muscovite structure on which th&Ur observed gmodes at 703, 754, 800, 811, 913, 958, 1024,
calculation is based. Theandy axes used in the calculations are paralle}098, and 1116 crh and to our observed,Bnodes at 669,
to thea andb axes, respectively, of the crystal structure. The calculatiod®4, 754, 804, 851, 912, 954, 1017, 1098, and 1116 cm
used cartesian coordinates and an orthogonal coordinate system, hence
the z axis is not coincident to the axis of the monoclinic crystal NORMAL COORDINATE ANALYSIS
structure. The top view is theaxis projection, where only the top
tetrahedral sheet is shown for clarity. The bottom view isytagis
projection. All T-O bonds as well as the T and oxygen labeli
conventions are indicated.

An arrangement of 74 atoms representing the muscovite
nstructure was used in the lattice dynamics calculations at zero
\?/avevector, following the procedure reported earlier (Kim et
al. 1993). A total of 132 bond stretching and bending interac-
tions were defined in the calculations, which adequately de-
scribed the bonding environments in the muscovite structure
so that all calculated fundamental optical modes have non-zero

EXPERIMENTAL METHODS frequencies.

The muscovite sample used in this study is a clear plate Several sites in the muscovite structure are occupied by more
approximately 5 cmx 7 cmx 1 mm that was collected at thethan one atom type. The K and M2 sites are dominated by K
Amphlett Mine, Cherokee County, Georgia (sample no. 1051Q¢hd Al, respectively; and therefore, K and Al masses were used
supplied by the Mineral Sciences Department, National Meor those sites in the calculations. The mass used for the two T
seum of Natural History, Smithsonian Institution). The sampigtes was a weighted average of Si and Al, reflecting the site
used here was refined by Guven (1973) and has the chemigajupancy described above.
formula: [KogeNao.1(HsO) 0l [(Al 1.50Ti0.01F €5 €5'0sMJo.06) Initial calculations used force constant values similar to those
(Sis.02Al 0,09 O10.0 OH)1.07- determined for phlogopite. Eight force constants were adjusted



McKEOWN ET AL.: VIBRATIONAL ANALYSIS OF MUSCOVITE

1 1 1 L 1 1
m
=
c
3
2
&
>
x
W)
c
[}
-
£ I\\HI\IIHI \ll\\FH [ | | 1l Observed
P \H o \ﬁ, N [ P Calculated
. ~F ® Bz oGz
5 I 2 o+ 2 5 3 v
lattice Sk 5 s g5 3% A 10
=2 ¥ g2 3 & 3
<3 7 5800 8
T 1 1 1 T T
0 2000 400 o600 800 1000 1200 1400
. -1
Raman Shift (cm )
1 1 L 1 1 1
@
=
e
S
£
N
>
X
wn
[
(]
= HHH‘HI\HA\ P bbb 11l Observed
- i I
I Il | o (I ) I I, [ Calculated
lattice 5 8 ¢ $E2 EE v v
S Zoi 208 kL
- NI g x < o g
< xa 7 oo ¥~ 2
T T 1 1 T T

0 200 400 600 800 1000 1200 1400
Raman Shift (cm'1)

to give the best fit of the calculated frequencies to the obser/éd

LE 2. Force constant values determined for muscovite
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FIGURE 2. The Raman spectrum of
(a) Agand(b) Bgsymmetry for muscovite.
Below, fundamental frequencies f(a)
A and(b) Byare indicated as vertical bars.
Labeled as calculated are the theoretical
frequencies plotted as short vertical bars
and vibrational assignments from the
normal coordinate analysis. The spectra
were collected with(a) incident and
scattered light polarized parallel to [010]
and (b) incident light polarized parallel
to [010] and scattered light polarized
parallel to [100]. Porto’s notation for
polarization is indicated. See axis labels
in Figure 1.

mode frequencies in the two Raman spectra (Table 2). The figrce constant __ Interaction Value
. . .. P 5
ting was accomplished by minimizing the root-mean-squafe ?_gnb 411 x 14°5gy“9/°m
(rms) deviation between calculated and observed fundamer)jal M2-O 244
frequencies (Kim et al. 1993). The initial rms (near 20%m k4 M2-OH 0.58
K-O 1.59
quickly converged to a final value of 9.9 ém 0., T-Oy 0.63 x 10" erg
In most cases, mode frequencies determined from the sp/ec- O T-Op 1.03
M2-Op,-T 0.38

tral features provided guidelines and constraints for the caldé-

lated frequencies. In some instances, the calculated frequenfi@lgs: These produce an rms deviation of 9.9 cm-
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TaBLE 3. Raman-active A, z(y,y)z mode frequencies and assignments for muscovite

Observed (cm™) Calculated (cm™) Assignment
- 1 OH xz-trans.
- 36 sheet + K x-trans. shearing M2 environment
- 55 sheet xz-trans. + OH-M2-OH bend
85 83 Sheet yz-trans. + K y-trans.
124 126 Sheet xz-trans. + K xy-trans. (minor)
172 177 M2-OH stretch (M2 z-trans.)
198 193 M2-OH stretch + Od xz-trans.
217 214 OH-M2-OH bend + M2-Oa stretch
265 272 Ob, OH y-trans. + Oc,e z-trans. + K y-trans.
265 274 T1-Oa z-trans. + T2-Ob -z-trans. + M2 xy-trans. + K xy-trans.
295 304 M2-OH stretch + M2-Oa stretch
316 315 M2-OH stretch + M2-Ob stretch + tetrahedral rot. || z
382 380 M2 z-trans. + Oc z-trans. + Od,e -z-trans.
411 394 M2 xz-trans. +Od z-trans. + Oc,e xz-trans.
442+ 440 Oa-M2-Ob bend + Oc,e z-trans. + Od xy-trans.
527* 540 T-O,-T xy-bend
583* 568 M2 xy-trans. + T z-trans.
583* 573 Od,e xy-trans. + T y-trans. + K xy-trans.
638 659 O, yz-trans. + Oy, -yz-trans.
703 702 O,p z-trans. + O, -z-trans. + M2-Ob stretch
754 754 Oa-M2-Ob bend
800* 820 T-Oc,d-T bend
811* 836 T-Oc,e-T bend
913 888 Tetrahedral breathing
958 970 T-O, stretch (vy)
1024 1023 T-O, stretch (v;) + Oy, in/out tetr. base center
1098 1097 T1,2-Oc,e xy-stretch (Vi)
1116 1118 T1,2-Oc,d xy-stretch (vig)

* Indicates weak observed modes whose frequencies were dictated by the calculations; observed frequency uncertainties are up to 10 cm™.

TABLE 4. Raman-active B, z(y,x)z mode frequencies and assignments for muscovite

Observed (cm™) Calculated (cm™) Assignment
- 1 OH xz-trans.
- 17 sheet + K y-trans. shearing M2 environment
- 36 OH-M2-OH bend
101 99 sheet xz-trans. +K y-trans. (minor)
124 115 K z-trans. + tetrahedral rot. || z
124 130 sheet xz-trans. + K y-trans.
173 169 M2-OH stretch + T2 x-trans.
199 194 M2-OH stretch
217 219 OH xz-trans. + Ob y-trans. + Od z-trans.
265 268 K y-trans. + Oa,OH x-trans. + Oc,e z-trans.
265 274 T1-Oa z-trans. + T2-Ob —z-trans. + M2 xy-trans.
313 315 M2-OH stretch + M2-Ob stretch + K y-trans.
359* 353 M2 xy-trans. + OH z-trans. + Od -xz-trans. + K yz-trans.
382* 389 Oc,e z-trans. + M2 z-trans. + K yz-trans.
410 405 Obr yz-trans. + K yz-trans.
491 489 K z-trans. + tetrahedral rot. || z + M2-O,, stretch
542% 536 T-Ou-T xy-bend
576* 568 M2 xz-trans. + T z-trans.
576* 578 Od,e x-trans. + T -x-trans. + K y-trans.
669* 667 O, Xz-trans. + Oc,e z-trans.
704 716 O, z-trans. + Oy, —z-trans.
754 754 Oa-M2-0Ob bend
804* 816 T-Oc,d-T bend
851 839 T-Oc,e-T bend
912 888 Tetrahedral breathing
954 971 T-O, stretch (vy)
1017 1023 T-Oyp stretch (vyo) + Oy, in/out tetr. base center
1098 1097 T2-0, e stretch (vy)
1116 1118 T2-Od stretch (vy)

* Conventions in Table 3 apply.

provided guidelines for selecting weak Raman spectral featureately 10 cm' from the values listed in Tables 3 and 4. Due to
as fundamentals. During the initial stage of the fitting, it wake lack of polarization dependence for many weak Raman spec-
not obvious to assign Raman-active fundamentals to cert#ial features, we could not determine from the spectra whether
weak Raman features, but as the calculations generated furedach weak mode is,or By, but allowed the theory to make
mental mode frequencies, we assigned some of these obsethiede assignments. These calculation-influenced observed mode
weak features to fundamental modes. The observed frequassignments are indicated in Tables 3 and 4.

cies of the weak modes are not determined as confidently asThe total number of Raman-active fundamental modes
those for the stronger modes and are uncertain up to appraxedicted by FGA for the muscovite structure (57) is consider-
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TABLE 5. IR-active A, calculated mode frequencies and assignments for muscovite

Observed* (cm™) Calculated (cm™?) Assignment

- 1 OH xy-trans.

- 51 sheet z-trans.

- 68 M2,0H,sheet yz-trans.: shearing K environment
108 107 M2, OH yz-trans. + Ob y-trans. + Od yz-trans. + K x-trans. (minor)
122 127 M2,0H xy-trans. + T2-Ob yz-trans. + Oe yz-trans.
188 180 OH-M2-OH bend + Od xz-trans.

- 218 K x-trans. + OH-M2-OH bend + Oa x-trans.

245 257 Oa,b y-trans. + OH yz-trans. (minor)
262 277 M2-OH xz-stretch + Ob z-trans. + Ob y-trans.
290 300 M2-OH yz-stretch + tetrahedral rot. & trans. || z

- 313 Oc yz-trans. + Ob yz-trans. + Oa y-trans. + K x-trans.
352 344 T1,0d,e z-trans. + T2,0c —z-trans. + M2,0H xy-trans.
410 400 Oy yz-trans. K x-trans.

430 434 M2-Oa stretch + T1-Oa z-trans. + T2-Ob -z-trans.
475 483 M2 z-trans. + K-O,, stretch

536 539 T-O-T xy-bend

549 574 O(d,e) xy-trans. + T y-trans. + K xy-trans.
697 707 O, z-trans. + Oy, -z-trans. + M2 z-trans. (minor)
728 713 M2 xy-trans.: M2-Oa,b stretch

805 816 T-Oc,d-T bend

825 824 M2 x-trans.: M2-Oa,b stretch

- 835 T-Oc,e-T bend

- 866 Tetrahedral breathing
1003 981 T-O, stretch (v,)

1027 1017 T-Oyp stretch (v,) + Oy, infout tetr. base center
1062 1097 T-Oc,e stretch (vy0)
- 1118 T-Oc,d stretch (vi0)

* From Velde (1978).

TABLE 6. IR-active B, observed and calculated mode frequencies and assignments for muscovite

Observed* (cm™) Calculated (cm™) Assignment
- 1 OH xz-trans.
- 58 sheet,M2,0H x-trans.: shearing K environment
- 109 K yz-trans. + tetrahedral rot. || z
122 124 M2-OH xy-trans. + Oc,d -xy-trans.
137 140 K yz-trans. + Oa x-trans. + Oc z-trans. + Od -z-trans.
165 181 OH-M2-OH bend + Od xz-trans.
188 203 K y-trans. + Ob -y-trans. + Oe z-trans. + OH xz-trans.
245 257 OH-M2-OH xz-bend + Ob xy-trans.
262 272 K y-trans. + Oy, Xy-trans. + Oc z-trans. + Oe -z-trans.
290 316 OH-M2-OH xy-bend. + K xz-trans.
352 352 K xy-trans. + M2 yz-trans. + Oe z-trans. + Oc,d -z-trans.
- 370 M2 z-trans. + Od,e,K -z-trans.
410 405 Oc,e z-trans. + Od -z-trans. + K z-trans. (minor)
- 434 T1 ztrans. + T2 -z-trans. + Oa-M2-Ob bend
- 527 M2,K z-trans. + T -z-trans. + Od x-trans.
536 538 Od,e y-trans. + T1 y-trans. T2 -y-trans.
549 577 T1 x-trans. + T2 -x-trans. + Oc y-trans.
697 713 M2-Ob xy-stretch + Oa y-trans.
728 723 O, z-trans. + Oy, -z-trans.
805 814 T-Oc,d-T bend
825 823 M2 x-trans.: M2-Oa,b stretch
- 839 T-Oc,e-T bend
- 866 Tetrahedral breathing
1003 981 T-Op stretch (vy)
1027 1017 T-O, stretch (v,) + O, infout tetr. base center
1062 1097 T-Oc,e stretch (vy0)
— 1118 T-Oc,d stretch (vio)

* From Velde (1978).

ably larger than the number of features (20) clearly observedations indicate that 14 spectral features can be assigned to both
the Raman spectra that call be assigned to fundamental molligand B species; one peak in both Raman spectra can be as-
(Fig. 2). These differences can be explained by several factsigned to four modes, two each foy &nd B. Variations be-

the most important of which is the the scant polarization depaween the Aand B, spectra are subtle, where most differences
dence for most spectral features. This weak polarization dep&siight intensity differences, and peak shifts or shape changes)
dence is seen in the spectra reported for green muscovite by aoghseen for the lower frequency modes. The calculations placed
(1973), and in the theory, where many calculatgahd B mode four modes at frequencies lower than the 85daser line

pairs are at similar or identical frequencies. The data and calfilier cut off in the FT Raman spectra. Some of the broad fea-
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tures in the spectra could be assigned to more thangreB) cies; from this, an Amode pair was assigned to the 583'cm
mode by the calculations, which could reasonably fit 53 of tipeak and a Bmode pair was assigned to the 576'qeak. A
57 calculated Raman mode frequencies to the target frequand B, mode pairs were assigned to the 265'@eak in both
cies determined from the spectra. spectra. No assignments were made to what appear to be the low-
The calculated frequency and the associated atomic mot&st frequency peaks in the Raman spectra near 43 and85 cm
(eigenvector) for each Raman-active mode is listed in Tableb&cause these features are below the laser line filter cut-off. In-
through 4. Calculated frequencies and mode assignmentstéorsity changes of these lowest frequency features frpto A
the IR-active Aand B species are presented for completenes; are due to the change in the relative intensity of the Rayleigh
in Tables 5 and 6, respectively. Normal mode frequencies dire, which is typically larger for the parallel polarizegsbec-
eigenvectors were also calculated for the isolated tetrahedram than the cross polarized gbectrum.
sheets by gradually varying to zero all force constants involved No observed IR fundamental mode frequencies were used in

with the K and M2 environments. the fitting process; however, the calculatgdhAd B mode fre-
quencies (Tables 5 and 6) are compared with the IR data pre-
DISCUSSION sented for muscovite by Velde (1978) and Loh (1973). To our

Force constant values knowledge, Velde presents the most extensive list of observed

The force constant values determined for muscovite (Tablel®) mode frequencies; however, there is no indication of which
are generally similar to those found for phlogopite, reconfirninodes have por B, symmetry. These frequencies are listed in
ing force constant transferability between cyclosilicates arm@bles 5 and 6 for detailed comparisons and are arranged so that
sheet silicates (McKeown et al. 1999). The J:@-O,,, M2-O, closest matches are made with our calculatedrAB, mode
M2-OH, and K-O values calculated for muscovite are withifiequencies. In general, most major peaks in the IR data appear
15% of those determined for phlogopite. The magnitude of thecorrespond to groups of calculated IR modes. Calculated A
T-O,; and T-Q, values for muscovite are reversed with respeaiodes at 344, 400, 483, 539, 574, 981, 1017, 1097, and 1118
to equivalent force constants for phlogopite. Larger differencesr?, as well as calculated,Bnodes at 352, 370, 405, 434,
are found between equivalent sets of bond bending force cen7, 538, 577, 981, 1017, 1097, and 1118 can be assigned
stants for the two structures. Thg-0-O,, value falls within to the two broad and intense bands in the IR spectra: from 350
the range of those determined in our earlier work on other si-620 cmt and from 980 to 1100 ci(see Velde 1978 Fig. 1).
cate structures, while the,©I-O,, value is the smallest of thoseThe calculated 707, 713. 816, 824, and 838 Agpmodes as well
determined earlier, but is less than 10% lower than that caleig-the calculated 713, 723, 814, 823, and 839Bymodes ap-
lated for beryl (Kim et al. 1995). The magnitude reversal glar to correspond to the cluster of peaks centered near 750 cm
force constants between muscovite and phlogopite are also Sggtiveen the broad bands in the IR spectra.
for the Q,-T-O,, and Q,-T-O,, values.

We cannot be sure about the cause behind the magnitudesigenmode descriptions and assignments
versals seen for the force constants describing thg, Ta@l Q, Eigenmodes for all vibrational species can be grouped into
environments between muscovite and phlogopite, but these trefigise frequency ranges according to dominant atomic displace-
may be related to the symmetry of the associated tetrahedral ringsnts. Internal sheet modes dominate at frequencies greater
Between muscovite and phlogopite the lower symmetry structyhan 800 crrt and are the localized T-O stretch and T-O-T bend-
appears to generally favor higher force constant values foktheiflg motions. Modes at frequencies between 800 and 360 cm
bonding environments. For six-membered tetrahedral rings, thisntain mixtures of K and M2 site motions with displacements
trend is found for the O-Si-O bond bending environments withifternal to the tetrahedral sheets. At frequencies below 350 cm
dioptase (lower ring symmetry) (McKeown et al. 1995) vs. equiviattice modes dominate where M2, K, and OH motions mix
lent environments in beryl (higher ring symmetry). with whole sheet displacements.

Displacements calculated within the linked six-membered
rings in muscovite are generally different with respect to those
found earlier for the isolated six-membered rings in beryl and

Calculated fundamental mode frequencies were fit to obseridptase (Kim et al. 1995; McKeown et al. 1995). Where mo-
mode frequencies determined from the features in the two polagns are similar to those found for the rings in cyclosilicate
ized Raman spectra so that eigenmodes are assigned to virtusdpgtalsy, symbols are used. However, these symbols can only
all peaks in the data (Fig. 2). Intensity and frequency differenags used to describe the highest frequency, most localized
of features between both spectra are subtle; as a consequenegyehmodes for muscovite (Tables 3 through 6) where n is ei-
this, assignment of fand B modes to features common to bothher 1 or 10 (McKeown et al. 1993).
spectra was done for peaks at or near 124, 172, 198, 217, 265The localized, internal sheet eigenmodes above 868 cm
316, 382, 411, 703, 754, 800, 913, and 958 amboth spectra. are similar for all species, where a general pattern is followed
Above 1000 cni, A; and B modes were assigned to the broaftom the highest frequencies;(T-O,, stretch, Fig. 3a left),
features near 1024, 1098 ¢pand 1116 cm, where observed (T-O,, stretch), tetrahedral breathing, and T-O-T bending. This
frequency determinations of modes were somewhat subjectikein contrast to phlogopite wherg-B, and B-A, eigenmode
the 1116 cnt peak has a broad lower frequency shoulder thpéirs share similar atomic displacements. The tetrahedral breath-
includes the 1098 mode and extends to the 1024peak. The ing modes near 880 chrfor all species have O atoms moving
calculations generated pairs of modes that have similar frequesward the T site in one tetrahedron, and O atoms in the three

Frequencies of calculated modes vs. observed Raman-
and IR-active fundamental modes
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a oK <Al T oOH ©O b

Ag 1097 em-1 Bg 888cm- Ag 193cm-1 Bg 115cm-1

FIGURE 3. (a)Calculated atomic motions for the normal modes internal to the silicate sheets in the muscovite structure. The diagrams in the
upper and lower boxes are thexis and thg axis projections, respectively. In thaxis projection, only the top silicate sheet of the two in the cell
is drawn for clarity. Arrows are drawn to scale, indicating the relative amplitude of the motion of each atom in each gl Examples of
the muscovite lattice vibrational modes. The conventiomasapply.

neighboring tetrahedra moving away from the T sites (Fig. 8& around M2 is found for the Raman-active modes and around
right). For the IR modes, M2-O stretch motion is mixed witK for the IR-active modes.
two T-O-T modes near 820 cin Similar to our conclusions made for phlogopite, specific
Many of the intermediate frequency modes are dominate@jenmode assignments made to Raman and IR modes in this
by O-M2-O bend, as well as M2-O and K-O stretch motiorgtudy do not agree particularly well with assignments made by
that mix with internal sheet displacements. Below 608,ddn  Loh (1973). The discrepancies are likely due to the fact that
motions are present in several of these eigenmodes and dah made vibrational assignments based on the dt¢@he-
tinue to be found in many of the lattice modes. dral and TQtetrahedral symmetry of atom clusters in musco-
Lattice modes have motions from all atom types in the mugte and observations of Raman modes from similar atom
covite structure; many lattice modes contain OH displacementhisters in other materials, whereas the eigenmodes calculated
At frequencies lower than 150 cirwhole sheet motions mix here are based on the muscovite structure. Loh’s general argu-
with K or M2 displacements. An interesting set of modes foumdents agree to some extent with our findings, but as in the
for all vibrational species can be described as tetrahedral rqthlogopite study, many discrepancies are seen in the details.
tion about an axis perpendicular to the sheets that is drivenAgcording to Loh, Raman modes at frequencies greater than
K ztranslations (Fig. 3b right), where the sense of rotation 800 cm* are dominated by T-O stretch motions within the tet-
each tetrahedron alternates around the ring in clockwise aatiedra. This argument is partially supported by our findings,
counter-clockwise directions. An exception to this is the Bout Raman-active eigenmodes in this frequency range can have
mode at 491 cm where the tetrahedral rotations are mixedominant M2 as well as K displacements mixed with internal
with M2-O stretch. This mode can be described gb@ath- sheet motions. According to Loh, M@ctahedral modes domi-
ing, where half of a six-membered ring’s bridging O atoms amate at frequencies less than 200ckve find that eigenmodes
translating into the ring center and the other half are translat-this frequency range can contain octahedral motions mixed
ing away. Lattice modes can have sheet displacements alavith lattice-like OH and sheet displacements.
thec orzdirections, where the M2 or K environments are com- Vibrational mode assignments made by Velde (1978) to fea-
pressed or expanded (Fig. 3b left). A set of low frequentyres in the IR spectra are more consistent with the IR-active
modes, one each for all vibrational species, has the sheets@iggnmodes calculated for the muscovite structure. According
the K or M2 environments move in similar directions to create Velde, the broad band near 1062t due to Si-apical
a shearing action around the M2 or K sites, respectively. Sheaxygen stretch (Si-g); this is in partial agreement with the
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eigenmodes, where both Sjz@nd Si-Q, stretch modes occur cate that the bonding strength between the sheets in the mus-
near this frequency. Velde assigned tetrahedral Al-O-Al, Al-@ovite structure is large enough to affect eigenmodes at fre-
Si, and O-Si-O bend modes to peaks near 825, 805, and §86ncies as high as 824 ¢mvhere M2 displacements are first
cnr?, respectively, that are generally consistent with eigenmodssserved. For phlogopite, these effects can be seen in
calculated near these frequencies. Velde also assigned K migenmodes as high as 880-&m

tion to the low frequency 137 and 122 &mnodes, where
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